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Oh My, I think ’'ve
Got the Vapors!

How to deal with EVAP problems
without developing indigestion.
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On a busy day, a diagnostic tech may find
himself wishing for an air-fuel sensor heater code
as he stares at the CONSULT screen during
the SYSTEM CALL. But sometimes, life doesn't
cooperate and we're faced with a PO456 instead
of the POO31 we were hoping for. EVAP codes
are occasionally “gravy”, but more often than not,
they're among the more time-consuming reasons
behind a glowing check engine light. There's no
guarantee that this article will help you fit every
EVAP diagnosis into the ubiquitous one-size-fits-all
“diagnostic hour”, but it may improve your chances.

A Quick Overview of the EVAP System
Gasoline is volatile, that is: it evaporates easily.
Gasoline vapors or hydrocarbons (HCs) are bad
for the environment because they cause smog
and respiratory ailments. If a fuel tank is vented to
atmosphere, HCs will escape and pollute the air
we all breathe. If a fuel tank is not vented, pressure
will build and it will expand and be damaged. The
EVAP system allows the fuel tank to vent through
a charcoal canister which will strip the HCs from
the air and store them for later use as fuel for the
engine. The EVAP system is the combination of all
the components that make this possible.

The Charcoal Canister

The canister is typically located near the fuel
tank. It is a plastic box filled with activated carbon
in a filter sock that has pores large enough for
the HCs to pass, but small enough to prevent
the activated carbon from escaping. Activated
carbon is similar to a ground up charcoal briquette.
If you've ever squirted lighter fluid (which is a
hydrocarbon) onto the charcoal in your barbeque,

you'll know that it can soak up a lot of fuel before it
is saturated. When the fuel in the tank evaporates,
the vapors are routed through the canister where
the HCs stay stuck to the carbon while the oxygen
and nitrogen pass through to the atmosphere. The
most common causes of failure are:

= Atorn filter

= Water saturation

= Fuel saturation

A torn filter will be evidenced by black powder

escaping from the canister (and often gumming
up the purge valve). Fuel and water saturation can
be detected by feeling the weight of the canister;
it will be substantially heavier than a non-saturated
canister. Topping-off the fuel tank can cause
oversaturation of the charcoal canister, which can
restrict flow through the canister.

Purge Volume Control Solenoid Valve

Let's call the PVCSV “the purge valve. Its full
name is wonderfully descriptive of its function, but
is a bit of a mouthful. The purge valve is responsible
for getting the HCs stored in the canister into the
intake manifold so that they can be burned as fuel.
The purge valve is a solenoid valve that is open
when voltage is applied to its coil, and closed when
no power is applied. This means it is a normally
closed valve, which is important to know.

The ECM is able to control the volume of flow
from the canister by changing its duty cycle. If the
valve is ON B0% of the time and OFF 50% of the
time, it would flow roughly 50% of its maximum
volume. If the ECM changes to 75% ON and 25%
OFF, it would flow about 75% of its maximum
volume. The purge
valve usually operates g o
only when the throttle
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is open and the engine is warm. The purge valve
should always be fully closed during deceleration,
otherwise the flow of fuel vapors could cause
backfires. The most common causes of failure are:

= Physical sticking due to wear or debris

= Failure of the solenoid winding (if shorted, be

sure to test the ECM driver)
= Disconnected or corroded electrical connector
= Disconnected or leaking purge hose
Using the CONSULT’s “PURG VOL CONT/V”

ACTIVE TEST with the engine running is a great
way to check all of the possibilities at once. If the
valve is sticking or the solenoid windings are open
or shorted, the purge valve will not click and the
engine speed will not increase as the valve opens.
It also allows multimeter or oscilloscope testing on
a working circuit.

Canister Vent Control Valve

Let’s call the CVCV the “vent valve” to save words.
The vent valve is a component added for self-
diagnostic function only. Its job is to seal the tank
from the atmosphere to allow vacuum testing to
verify there are no leaks in the system. The vent valve
is normally open; the opposite of the purge valve. This
allows the tank to vent through the canister while the
car is sitting parked in the sun. The only time the vent

". Diagnasis (One
. System)

b System Selection b ENGINE

valve closes is during self-testing; it seals the tank to
allow for vacuum decay testing.

The vent valve can fail in all the same ways as the
purge valve, plus it's more susceptible to blockage
from insect nests and connector corrosion due to
its location. It's usually under the rear of the car
near the tank and canister. There is a CONSULT
ACTIVE TEST “VENT CONTROL/V” which is very
useful for manual vacuum or pressure testing.

EVAP Control System Pressure Sensor

The EVAP pressure sensor is a very sensitive
pressure transducer with a small operating range
of 8.5 — 16.5 psi. Its voltage output increases with
pressure. Its purpose is entirely diagnostic; in fact
it is the primary sensor for all EVAP self-diagnostic
functions. On most systems, the EVAP pressure
sensor monitors what Nissan calls “the purge
line,” which is actually the entire system from the
vent valve to the purge valve, including the tank
and canister. The EVAP pressure sensor is usually
located near the canister and tank.

EVAP pressure sensors are not a very common
failure. Its function can be easily checked using the
CONSULT’s DATA MONITOR. Simply remove the
fuel cap and check the pressure reading. It should
be equal to atmospheric pressure. Atmospheric

Active Test : VENT CONTROLN

on bt
L)
On/off

|

: Off
Current status On I
E-n‘itnt Iem
|FUEL TITMP SE | 21)°c
EVAP SYS PRES 368V

EL LEVEL SE 102V

The vent valve is normally open. You'll need to close it with an active test or by manually powering

the solenoid before leak testing.
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Nissan recommends using an ultrasonic tester
and hand-held vacuum pump to find leaks.
Vacuum decay (vacuum decreasing over time)
indicates that there is a leak. The ultrasonic
tester is used to locate the source of the leak.

Pressure decay (pressure decreasing over
time) is another way of determining if the
EVAP system is leaking.

pressure is going to vary depending on location, so
it's a good idea to learn what's normal at your shop.
760 mmHg (14.7 psi) is typical at sea level. If there
is not calculated pressure display in the DATA
MONITOR, you can use the voltage to pressure
chart in the service manual. If you rock the car
while monitoring the EVAP SYS PRESS, you'll see
that the signal changes as the fuel sloshes. This
lets you know that you're looking at a real signal
and there is not a blockage between the tank and
the sensor.

Fuel Tank Temperature Sensor

The fuel tank temperature sensor is necessary
to correct for some unavoidable realities related
to gases, temperature, and pressure. Gases will
expand when warmed and contract when cooled.
Gases in a sealed container (which is precisely
what the fuel tank is when the vent valve closes
during testing) will also want to expand and
contract, but since they are held in a fixed volume
container, the pressure inside the container
will increase and decrease with temperature.
Therefore, the ECM must know about any changes
in the temperature of the fuel tank during testing.
Remember, the primary sensor for EVAP testing
is a pressure sensor, so the ECM must be able to
correct for temperature changes, and for that it
needs a temperature sensor.

Fuel Level Sensor

The fuel level affects the pressure curve in the
tank when a vacuum is applied. This is because
liquid is denser than gas so the liquid fuel and the
air above it will respond differently when a vacuum
is applied. Because of this, the ECM needs to know
how much of the space in the tank is occupied by
liquid, and how much is occupied by gas.

Diagnosis

So you've found an EVAP code. It's best to start
with a visual inspection: eyes only, no touching.
Resist the temptation to twist the gas cap! If you
tighten it and it seems to move a little, how sure will
you be that the car is fixed? It's a good idea to look
at the purge line under-hood, and make sure the
gas cap is in place, and maybe do a little sniffing
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for fuel odor, but don't mess with anything until
you've confirmed the problem and have a way to
confirm the repair.

If you have a CONSULT, start with a DTC
confirmation test. This is a very quick way to verify
you're chasing a problem that you'll be able to
find with testing. If the DTC confirmation runs and
passes, it may be in both your customer’s and your
best interest to cut diagnosis short. Obviously there
will be times when “it's not doing it now” won't cut
it, and you'll need to pull every trick you have out
of the bag. However, the first visit for an EVAP
problem that on one hand may be a legitimate
intermittent problem, but on the other may have
been “repaired” last time the customer filled up
may not be the best time to pull out all the stops.

EVAP Leak Check

Nissan service manuals recommend using a
hand pump to create a vacuum and an ultrasonic
listening device to find the hissing leak. Most of the
industry uses pressure/smoke testers regulated
at 0.5 psi. Let'’s talk about the latter, as it is most
likely that you'll have a smoke tester and not an
ultrasonic tester. Besides that, trying to find a leak
with an ultrasonic microphone can be very difficult
in a typical loud shop environment. Here are some
leak check tips:

*Use the CONSULT to close the vent valve. The
valve is normally open, so obviously the system will
not hold pressure unless it is closed. Don't pinch off
the vent tube unless necessary, otherwise you won't
be checking the vent valve sealing during testing.

*Pressure test without smoke before adding smoke
to the system. The warm smoke can skew the
pressure testing results. Confirm there is a leak with
pressure testing first then, find the leak with smoke.

*Before you smoke, tighten the gas cap and see if
the leak goes away. Waiting until now allowed you
to confirm your repair.

*Fill the system with smoke by opening the vent valve
until smoke pours out then, seal it again. Otherwise
it can take a very long time to fill a system with a
020 in. leak.

*If you can't find the leak with smoke, mix a batch of
tire leak detector and put it in a spray bottle. Mist

the EVAP system front to rear and wait 5 minutes.
You'll find what looks like a spit bug somewhere
along the system. This works really well; give it a try.

What Can Cause This? What Should |
Test? What Should My Results Be?

It's really important to understand what can
cause a trouble code to set. The code descriptions
can be a little misleading at times, and if you're not
planning to follow the flow chart blindly and very
precisely, you really need to have an idea of what’s
going on. In Nissan’s online service manual you'll
find two very valuable sections for each trouble
code: Description and DTC Logic. These are
valuable resources when trying to find out how the
system works and what will cause a trouble code to
set. Take time to read and reread this information
until you understand the system before testing.
Testing is only useful when you know what results
are normal. It's common for techs to feel like they

If pressure regulated at 0.5 psi is applied to
a sealed EVAP system, the amount of flow
in should be equal to the amount of flow lost
through the leak. A pressure supply and a
flow meter is another way to determine if the
EVAP system is leaking.
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need to get “working” and begin testing without
a good understanding of the system under test.
This usually leads to wasted time or misdiagnosis.
Research, plan, and then test.

After reading the description and logic sections,
try to restate what the service information said
in your own words. Restating in your own words
is a powerful tool. Obviously, it's a test of your
understanding, but it also offers other benefits. It
will make you think about the system in a familiar
frame. For example, often electron theory is used
in information contributed by engineers, but if you
think in conventional theory, rewriting will help
you think about the system in a way that is more
intuitive for you. You'll also find that diagnostic
strategies will come to mind as you are restating
the information in the manual. The time you spend
writing your own description of the code setting
criteria will also cause you to read between the
lines and discover information that is implied but
not directly stated in the manual. Sometimes this
is critical information, such as what sensors are
responsible for fault detection.

Trouble Code Examples

There's more than one way for an ECM to detect
a fault, and trouble codes don't indicate how a fault
was detected on a particular vehicle; that's what
the DTC Logic section of the manual is for. There
are some simplified examples of EVAP codes, their
meaning, and their possible causes below. These
will be a handy reference for many five to ten year
old Nissan cars, but remember that the same code
can be detected in different ways on different
vehicles, so the service manual is always the best
source for information.

P0441: incorrect purge flow

Meaning: Purge valve is commanded open but EVAP
pressure sensor reading does not drop appropriately.

Causes: Anything that would cause no change
in FTP reading with valve open. For example:
= Stuck purge valve
= Disconnected purge hose
= A large enough leak that a vacuum cannot
be drawn (likely to have a PO455 code too)

very small leak detected
small leak detected

very large leak detected

Meaning: There is a leak in the EVAP system.
The ECM closed the vent valve, opened the
purge valve to draw a vacuum, closed the purge
valve to seal the system, and then monitored the
EVAP pressure sensor. If the pressure sensor
voltage increased at a rate equivalent with a.020
in. leak, a PO456 will set. If the pressure sensor
voltage increased at a rate equivalent with a
040 in. leak, a PO442 will set. If the pressure
sensor voltage barely dropped when vacuum was
applied, a PO455 will set.

Causes: Anything that would cause the tank
pressure reading to climb too rapidly while the system
was sealed in the case of the P0456 and P0442, or
anything that would cause the tank pressure reading
not to drop in the case of the PO45b.

*P0456 Notes: 1. The most likely cause is a
loose gas cap. Several years ago, Nissan started
to adopt EONV (Engine Off Natural Vacuum)
testing, which is on almost all newer vehicles.
When the self-test is performed, only PO456 is
stored regardless of the size of the leak. Nissan
is considering issuing a TSB instructing the
technician to check the DTC, tighten the gas
cap, close the Vent Valve (with CONSULT), and
pressurize the EVAP system. If it holds pressure,
the most likely cause of the code is that the gas
cap was left loose.

2. Nissan adopted Loose Cap Warning for
MY2011. PO456 is stored when the customer
leaves the cap loose. If he or she does not
tighten the cap when the warning come, PO456
will be stored, the MIL will turn ON, and the
Loose Cap Warning light will go OFF.

purge valve

Meaning: The fuel tank pressure sensor is
indicating a vacuum when the purge valve is
closed and the vent valve is open.

Causes: Anything that would cause a vacuum
to be drawn or retained in the system when not



EVAP

commanded. For example:

= A stuck open purge valve

= A stuck closed vent valve

= A blockage or restriction between the area
monitored by the pressure sensor and the
atmosphere such as a clogged canister or a
restricted hose

= A fuel tank pressure sensor that is indicating
a vacuum

very small leak detected

short in purge valve

Meaning: The ECM is detecting too little current
flowing through the purge valve (P0444) or too
much current flowing through the purge valve
(P0O445).

Causes: Anything that would cause low or high
current on the purge valve circuit.

=\ V: iy LR vent valve

Meaning: The meaning of this code varies a
bit car to car. On some vehicles it is a code that
indicates open or short in the vent valve control
circuit, other vehicles use rational testing to set
this code.

Causes: When in doubt, assume that PO447 may
be caused by a circuit fault or a functional fault.

stuck closed vent valve

Meaning: The fuel tank pressure sensor is
indicating that vacuum remains in the system when
the vent valve is not being commanded closed.

Causes: Anything that could cause vacuum to
be retained or the pressure sensor to incorrectly
indicate vacuum. For example:
= A stuck closed vent valve
= A blockage or restriction between the area
monitored by the pressure sensor and the
atmosphere such as a clogged canister or a
restricted hose.
= An inaccurate pressure sensor reading

m pressure sensor output is abnormal

Meaning: The pressure sensor is a three-wire

pressure transducer with a 5V reference, ground,
and signal out. If the signal output is erratic
beyond what is expected based on conditions,
this code will set. For instance, if the vehicle is
stationary the ECM would expect very little rapid
change in the pressure sensor output.

Causes: Anything that might cause an erratic
pressure sensor output. For example:

= A bad pressure sensor

= Fluctuations in the sensor ground circuit

* Fluctuation in the sensor reference circuit

* A poor connection between the sensor & ECM

m pressure sensor output low

Meaning: The pressure sensor is a three-wire
pressure transducer with a 5V reference, ground,
and signal out. PO452 indicates the signal
voltage is below expected based on conditions.

Causes: Anything that would cause low sensor
output. For example:
= A bad sensor
= A short to ground on the signal circuit
= A problem with the reference voltage or the
sensor ground

m pressure sensor output high

Meaning: The pressure sensor is a three-wire
pressure transducer with a bV reference, ground,
and signal out. PO453 indicates the signal voltage
is above the expected based on conditions.

Causes: Anything that would cause the sensor
signal circuit voltage to be high, or anything
that might cause the tank pressures to be
unexpectedly high. For example:

= A bad sensor

= A short to power

* A problem with the reference voltage or

sensor ground
= A problem that prevented tank venting

P0181: fugl tan.k temperature sensor
rationality check

Meaning: The fuel tank temperature sensor

is a thermistor that modifies voltage from the



ECM as the fuel temperature changes. The
ECM compares the fuel tank temperature to the
intake air temperature sensor and the coolant
temperature sensor on a cold start up. If the
fuel temperature does not match the other two
sensors, a PO181 will set.

Causes: Anything that would cause the sensor
circuit voltage to be incorrect.

fuel tank temperature sensor
circuit voltage low

fuel tank temperature sensor
circuit voltage high
Meaning: If the fuel tank temperature circuit is
too low or high, a PO182 or PO183 will set.

Causes: Anything that would cause the sensor
circuit voltage to be incorrect

OV HEM fuel level sensor noise

Meaning: The fuel level signal should be stable
when the vehicle is parked. If the fuel level sensor
output is changing while parked, this DTC is set.

Causes: Anything that might cause the fuel level
sensor output to vary. For example:

= A problem with the fuel level sensor

= Towing the vehicle

O Y1) HIl fuel level sensor stays fixed

Meaning: The fuel level should decrease as the
car is driven. If the fuel level stays the same for
too many miles, this DTC will set.

Causes: Anything that would cause the fuel level
sensor output to stay the same for many miles, or
a data problem (if a U-code is present).

fuel level sensor output low

fuel level sensor output high

Meaning: The voltage from the fuel level sensor
is either higher than normal or lower than normal.

Causes: Anything that could cause low or high
voltage or a data problem (if a U-code is present). |

Drawing a Blank

ECMs are almost never the root cause of EVAP
codes, but if an output like a purge or vent solenoid
shorts, the excessive current draw may damage
the ECM’s driver. If you do need to replace an ECM,
here's something you'll need to know: many Nissan
ECMs are now being shipped blank.

In the past, a replacement ECM may have
needed to be updated and/or configured after
installation, but a blank ECM is different — it literally
has no programming installed. All 2014 and newer
ECMs will be shipped blank, and blank ECMs will
be phased in for 2009 to 2013 models.

There are two possible procedures for programing

a blank ECM. If the old ECM is still communicating,
the ECM part number and VIN should be pulled
from the old ECM before installing the new unit. To
do this, connect the C-lll Plus, select:

1. Re/Programing, Configuration

2. Re/Programming

3. Programming

4. Before ECM replacement

5. Save the ECM part number and VIN.

After the new ECM is installed, select:
1. Programming
2. After ECM replacement
3. Program ECM

The ECM part number, VIN, and correct
programming will be written to the new blank
ECM. Perform the learning procedures for the
throttle, accelerator pedal, and idle speed and you
should be done.

If the old ECM is not communicating, you'll need
the last five digits of the ECM's part number. This
can be obtained from the electronic parts catalog.
The dealership that supplied the ECM will be able
to provide this number to you. For some models
there will be two part numbers, one for the blank
ECM and one for the programmed ECM. This will
not be a problem because the last five digits of both
numbers will be the same. Once you have the last
five of the part number, visit www.nissan-techinfo.
com, select the “Blank” Programming link and use
the last five to find the correct program. You'll then
need to purchase and download the programming
file. Connect the C-lll Plus and select:

. Re/Programing, Configuration
. Re/Programming

. Programming

. After ECM replacement

. Manually enter the VIN

. Program ECM

OO~ WN —

When using manual entry it's very important to
double check all manual data entries and read
and verify that configuration data matches the car.
Perform the learning procedures for the throttle,
accelerator pedal, and idle speed and you should
be done. |
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Valve Adjustment:
A Touchy Feely Subject

Here’s a review of the once-common skill of valve clearance
adjustment and how it should be done on modern Nissan vehicles.




Ask any auto shop teacher who was working
back in the ‘80s, and he'll tell you that measuring
valve clearance is a skill that is best learned
through practice. After enough repetitions,
students will develop a “feel” for it. The first
attempt at a valve adjustment would usually result
in an engine that clatters, misfires, or a combination
of both, but after a bit of practice the students
would be able to get it perfect every time.

Checking and adjusting valve clearance used
to be a very common operation. For example, a
1983 Sentra with an E16 motor would need the
valve clearance checked (and likely adjusted)
every 15,000 miles. There was ample opportunity
for technicians to practice the art of measuring
clearance. Fast-forward to 2014 and engines are
usually able to hold clearance for 100,000 miles or
more, valve covers are buried under intake plenums
and other obstructions, and technicians in their 20s
and 30s don't remember a time when checking
valve clearance was a skill employed daily.

Consider these two facts: technicians don't get
much practice checking valve clearance these days,
and performing a valve clearance adjustment can
take a very long time, often requiring removal of the
camshafts. Add to this that checking and adjusting
clearance on many modern engines is often a lot
trickier than it has been in the past and you have a
recipe for a miserable and costly comeback.

KBIADTB5E

Measuring valve clearance with a feeler gauge.

If it were possible to prescribe daily practice until
mastered, it would be a far better solution than this
article, but since that’s not going to happen, let's
talk about how to get the job right the first time.

The Basics

First, let’s define valve clearance. Valve clearance
is distance between the bottom of the cam lobe
and the “tappet”. A tappet can be a rocker arm or
lifter, but you'll find solid lifters on most modern
Nissan vehicles. A tappet is defined as any device
that intermittently makes contact with a cam or
other part so as to give or receive motion. You'l
notice that the definition say’s intermittently; that's
where the clearance comes in. The bottom, or heel,
of the cam lobe is circular and is ground concentric
with the centerline of the camshaft. This means
that there is about 180° of cam lobe rotation where
the distance between the cam lobe and the tappet
is the same. This gap between the tappet and the
cam lobe is called valve clearance and can be
measured by finding a feeler gauge of a known
thickness that will fit into the gap without too much
or too little resistance.

The gap between the cam lobe and lifter is
necessary to allow the valve spring to pull the valve
head fully against the seat to seal the combustion
chamber. But why not make a universal valve
clearance specification of .001 in. That would allow
the valve to close, right?

There are three reasons for engine-specific
clearance specifications. First, we need to have
some “fudge factor” built in. Parts wear and
clearances change. If valves were adjusted to
.001 in. clearance, even the smallest dimensional
change might cause the valve to be held open.

Next, we must consider thermal expansion. The
aluminum cylinder head and steel alloys used for
parts like the valve and seat all have different rates
of thermal expansion. Luckily the engineers have
calculated what will happen as the engine heats up
and provided us a shortcut the right answer in the
form of a clearance specification.
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Valve Adjustment

Finally there's valve timing. The closer the cam
is to the lifter, the sooner the valve will begin to
open and the later it will close. On older engine
designs you could assume that if there was
some clearance, there would not be an engine
performance concern. This is no longer the case.

If valve clearance is out of specification, but there
is still some clearance, do not assume that the
engine will still run properly. For example, if the
specification is .010 - .014 in. and the measured
clearance is .006 in., don't assume it's not causing
a problem just because there is some clearance.
Tight valves can cause an increase in the duration
of valve overlap, low manifold vacuum, and misfires,
even when there is sufficient valve clearance for
good combustion chamber sealing.

So, tight valves (too little valve clearance) are
a bad thing. What about loose valves? If valve
clearance is excessive, wear on the cam lobe and
tappet will be increased and the valve timing will
be a little late. This is preferable to a tight valve, but
still isn't good. If faced with a choice, go looser not
tighter. For example, if you have a specification of
.010 - .014 in,, and the available shims would set
the clearance at either .010 in. or .014 in., go with
the shim that sets clearance at.014 in.

Which brings up worthwhile, albeit subtle, point:
whenever setting valve clearance, try to match valves
on the same cylinder as closely as possible. Valve
clearance does have a small effect on valve timing
and if there are two intake valves on a cylinder (and
when are there not?) it would be best if they both
open at the same time to prevent any weird eddies
and maximize cylinder filling. Per the service manual,

you might be allowed to set one intake valve at.010
in. and the other at .014 in., but you won't be doing
the best job possible for your customer.

Check Valve Clearance When...

Valve clearance inspections used to be
preventive maintenance, so looking at the
odometer and the maintenance section of the
owner’'s manual was the most common way to
know if the valve clearance needed to be checked.
Most modern Nissans do not have an interval, so
when should you check the valve clearance?

If the valve cover is off, it's a good time to
check clearance. If the valve cover gasket is
being replaced it makes sense to check the valve
clearance while the cover is off.

Abnormal tapping noise is another reason to
check clearance. A single loose valve can cause
a “click” noise every 720° of crankshaft rotation
—the same cadence as an engine misfire, or for
that matter, a fuel injector, which also clicks every
720° so be sure not to confuse the two. If several
valves are loose, expect a cacophony of clicking
with frequency tied to engine speed. However, with
modern engines, valve clearance typically doesn't
increase over time as a result of normal wear;
valves tend to get tighter as the engine wears.

Tight valves are the most harmful and difficult-to-
detect reason to perform a valve clearance check.
We might call insufficient valve clearance “the
silent killer” because a tight valve makes no noise.
A tight valve can cause an engine to run rough,
but so can a lot of other things, so it takes a bit of
knowledge to determine when the next step should
be a valve clearance check.

1'*
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A Go/No-Go gauge has two thicknesses. The primary size should fit with low drag, but the

secondary size should not fit at all.
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Tracking a Silent Killer

If there is no valve clearance, the valve face will
not press firmly against the valve seat and this
can quickly damage the valve. Here's why: the
valves, especially the exhaust valves, are exposed
to combustion gases around 3600°F. A steel-alloy
valve will melt around 2400°F. Obviously, the valve
will need to be cooled so it does not melt. This
cooling takes place when the valve face is closed
against the relatively chilly liquid-cooled valve
seat. If the valve is being held away from the seat
because there is no clearance between the cam
and the tappet, the valve will quickly overheat and
melt. Obviously, we want to correct a tight valve
ASAP, but we also don't want to recommend an
expensive investigation without good cause.

The only observable indicator of a tight valve
is a misfire. The misfire it causes will typically be

You can use a micrometer to help develop a
feel for the right amount of drag.

erratic; in other words it won't misfire on every
cycle. Just in case that doesn't sound sufficiently
diagnostically challenging, the misfire is also
likely to be intermittent; in other words it won't be
present all the time.

When hunting elusive prey like the tight valve,
it's best to know its habits, then lie in wait at the
time and place you're most likely to find it. The
silent killer prefers the morning, when the engine
is cold, because valve clearance decreases when
the engine is cold. A misfire caused by a tight valve
is also most likely to be found at idle. If you want to
catch a tight valve, leave the car to sit overnight then
do your testing while the engine is cold and idling.

When a tight valve causes a misfire, it's often
because compression pressure leaked out past the
partially open valve. A compression gauge might
seem like a good tool to check for tight valves, but
it's rare that it will uncover problems other than the
most severe cases. Every time a valve is cycled, it
has an opportunity to seal or leak. A compression
tester will display the peak compression achieved
while cranking the engine. If the cylinder being
tested misses a beat or two due to a tight valve, it
won't have much effect on the gauge reading at the
end of the test. A vacuum gauge on the other hand
is an excellent tool for finding tight valves. A needle
pulsation around 1-2 in. Hg at idle provides a solid
reason to recommend pulling the valve covers.

Checking Valve Clearance

Earlier in this article we defined valve clearance
as the distance between the tappet and the
bottom of the cam lobe. So, if we are going to
check valve clearance, the cam lobe must be
pointed away from the tappet. Old-timers are sure
to have their own opinions on the best way to go
about setting up engine position for measurement.
A common technique has been to rotate the
engine to valve overlap on one cylinder, then check
the clearance on its companion. Others like to
adjust each valve with the lobe 180° away from the
lifter. Before deciding to use your own technique
instead of using the procedure prescribed in the
manual, consider the amount of effort involved with
re-adjusting clearance if it doesn't work out.

Fall2014 | 15



Valve Adjustment

Once the cam lobes are in the proper position,
clearance is measured by inserting a feeler gauge
into the gap between the cam lobe and the lifter
and sliding back and forth. When the correct
amount of drag is felt in the gauge, the clearance
is the same as the gauge thickness. But what
is the correct amount of drag? That’s where the
practice used to come in. Here are two shortcuts
for developing “the touch.” First, set a micrometer
to the size of the feeler gauge being used and lock
the spindle. Then compare the feel of the feeler
gauge in the micrometer to the feel of the gauge
between the lobe and lifter. Second, Go/No-Go
feeler gauges can be a big help, especially on
engines with low-tension valve springs.

Clearance Measuring Pitfalls

Here are some things to consider when using
feeler gauges to measure valve clearance (see
images below, and top-right).

There’s Stuff in the Way

It is often difficult to insert a feeler gauge
between the lobe and lifter because of
obstructions. Cam caps, injector rails, even the

Be careful to avoid this. The feeler gauge
is touching the spark tube casting and may
cause an inaccurate measurement.

You can bend your feeler gauge to avoid
obstacles, but avoid bending the area used
for measurement.

A selection

of lifters of
different
thicknesses can
be purchased
from Nissan
dealers to
adjust valve
clearance.

Stamped mark

Valve lifter thickness

Lifter thickness is marked on the underside of
the lifter to make it easier to find the size you're
looking for. This one is 4.99mm or .196 in.
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Measure Lifter

CLERARANCE . 005
O LIFTER. + .196

.20l
- . 01Z
Bt ] =

189"

SPEC.
NEW LIFTER

189 x 254 = H.8mm

Calculated new size.

cylinder head perimeter can get in the way. The
ONLY things the feeler gauge should be touching
are the cam and the lifter. Anything else can create
a false drag and mess up your measurement.

You may want to buy one of the many types of
custom shaped feeler gauges to avoid obstacles. If
necessary, you can bend the feeler gauge so that it
does not touch anything else. It's best to bend the
gauge in a non-measuring area because a curved
gauge can also cause false drag.

Twisted Gauge

The feeler gauge must go into the gap straight.
If you put any “English” on the gauge it will cause a
false drag. If the feeler gauge is twisting or bending, a
very wide gap may feel perfect. Avoid the temptation
to tweak the gauge so you can clear obstacles. It's
OK to bend the gauge before measuring, but don't
twist the gauge while measuring.

Soft Springs

Valve springs are not as stiff as they were in the
old days. It's easy to insert a gauge into a gap that
does not exist and think that it feels like it's on the
“tight side of OK” when in fact you've just opened
the valve with the feeler gauge. Shooting for a
loose fit with a Go/No-Go gauge is one of the best
ways to deal with soft-spring valves.

Adjusting Valve Clearance

Screw and jam nut adjustments are rare these
days, and lifters with adjustment shims are fading
as well. The most common method of valve
clearance adjustment is select fit lifters. The
camshafts must be removed to remove the lifter,
so measure and document very carefully. Take
your time and be very sure before disassembly.
Also, be sure to organize and mark lifters so you
know where they were located before they were
removed. If you somehow lose track, you'll need to
reassemble and recalculate before continuing.

Lifter or Shim Selection Formula
Valve clearance measurement + Thickness
of lifter removed = Distance between lobe and
valve stem tip - Valve clearance specification (from
manual) = Lifter thickness to order from Nissan. |
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Feature

Diagnosing Key-Off Drain Problems

Chasing down an elusive key-off drain problem can
test the patience of any technician. Here are some
tips and hints to make your life a little easier.

Nissan TechNews




Most drivers consider a reliable car a necessity.
We must be on time for work, to pick kids up from
school, and to a myriad of other destinations.
There is very little flexibility in modern life, so a
car that does not start reliably is unacceptable for
most people.

A battery that goes dead as a car sits can be
very frustrating for both drivers and technicians. A
shop may only have one chance to diagnose and
repair a key-off drain before a customer looks
elsewhere, just as a customer may have only
one opportunity to meet their obligations using a
reliable car. This is why a full effort should be made
whenever investigating a key-off drain.

Excessive key-off drains will cause the familiar
symptoms of a discharged battery, such as dim
lights or no lights, slow cranking or no cranking, etc.
However, symptoms of a discharged battery aren’t
always caused by a key-off drain, so the first step is
always to answer these questions: Is a discharged
battery the cause of the complaint, and if so, what
was the cause of the discharged battery?

A full recharge and evaluation of the battery
should be the very first step. If the battery voltage
is low, test results may not be valid. Control units
do not like to operate on low voltage, so if they
don't have an adequate voltage supply, they may
not be “thinking” straight. Without good power,
control units should not be held responsible for
their actions, including sucking juice when they
should be asleep. Also, lower supply voltage will
push fewer amps through a given load, so the
level of key-off drain may look artificially low if the
battery isn't fully charged during testing.

A few more possibilities should be eliminated
before checking key-off drain. First, a problem with
charging system can certainly cause a discharged
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Don't begin key-off drain diagnosis before
charging and testing the battery.

Fall2014 | 19



Key-Off Drain

battery, so it should be tested. Also, a history
should be obtained from the customer. All cars
use some current while “off”. Control units, clocks,
anti-theft, keyless entry, and other systems need
to draw power, so some key-off drain is completely
normal. Any car that sits unused for long enough
will eventually run the battery down. If a car comes
in with a layer of dust, spider webs, and mouse
droppings, the problem may lie with how the car is
being used, not with key-off drain.

So, if key-off power draw is normal, how much
is too much? The answer, like so many things in
life, is not black and white. Different models have
different levels of normal draw. The normal key-
off drain in a 1996 Maxima is different than in a
2011 Versa. The only way to know what's normal
for a particular year, model, and trim is to compare
it against another identical known good car. In
general, older models will draw more than newer
models, and fancier models will draw more than
simpler models.

Shop teacher A says key-off drain should never
exceed 150mA. Shop teacher B says key-off
drain should never exceed 60mA. Who's right?
Could be A, could be B, could be both, could be
neither. It all depends on the car, the battery, and
the driving habits of the owner. Experience and
comparison against identical known good cars are
your best “specifications”.

You might think that looking at the reserve
capacity (RC) of the installed battery, and then
comparing it to the key-off drain, could be used to
calculate how long the battery is likely to maintain a
charge capable of starting the engine. For instance,
if a the installed battery has a 100 amp/hour rating,
and the key-off drain is 100 mA, we might estimate
that the battery should maintain a charge for 1000
hours or 41 days.

There are however, a number of variables that will
pummel the accuracy of this crude equation. First,
the amp hour rating is based on discharging the
battery to 10.5V. Is a 10.5V battery likely to start
a car? Then there are other questions. Has the
installed battery maintained its original AH rating?
When the car is parked, is the battery typically
100% charged? Then there's Peukert’s Law, which
states that changes in the discharge rate will affect
the reserve capacity of a battery.

Key off-drain is usually not constant. Control units
wake up and go to sleep as needed and self tests
can run automatically on a schedule. There will be
periods where current draw is too high for good
battery life, but periods of high draw are part of normal
key-off operation as long as they are not sustained
for too long. Often, current draw will be higher after
input, such as operating any system on the car or
reconnecting the battery. It's best to test for key-off
drain after the car has been sitting for quite some time.

How much is too much? 609mA is certainly too much for continuous draw on any car. 40mA is
very unlikely to cause problems, and is normal for this older fully loaded QX4.
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How to Test for Key-Off Drain
1. Clean the battery terminals of corrosion,
grease, or sealer.
2. Charge and test the battery using the GR83
battery diagnostic station.
3. Remove the keys from the car and close and
lock all doors.

4. Connect one lead of the ammeter to a good
ground point or the negative battery cable.

5. Loosen the negative terminal clamp and slide
it up while continuing to maintain contact with
the post. Once the clamp is high enough, slide
the other ammeter lead clip onto the post.

Solid test lead connections are essential to accurate diagnosis. A few moments spent on good
work habits like removing sealer, grease, or corrosion from the battery terminals will save time in

the long run.

-
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An ammeter must be connected in series to
measure current draw. If careful, it's possible
to connect the ammeter without breaking
the circuit to avoid the temporary increase

in current that often accompanies electrical
systems “waking up.”

Pull fuses one at a time and take note of the
decrease in current consumption (if any). This
will allow you to map out the total key-off draw.
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Key-Off Drain

6. Remove the negative cable clamp from the
terminal and note the reading on the ammeter.

7. If the reading is too high, wait 20 min and
check again.

Keeping the negative cable connected until the
ammeter completes the circuit is not mandatory.
You could simply disconnect the negative cable,
and then connect the ammeter between the
negative post and the negative cable. However,
if the circuit is broken, there is usually a period of
increased current draw as control units wake up
after the power outage, so you may have to wait
longer for the current flow to die down to its normal
key-off level. Also, all of the customer’s presets will
be lost and window, door, and sunroof initializations
will need to be performed. Memory savers cannot
be used while conducting key-off drain testing

BATTERY BATTE

because they provide an alternate unmeasured
power source and will skew test results.

If excessive current draw is found, the next step
is to find the source of the draw. The simplest way
to start is by pulling fuses one at a time. Often (but
not always) circuits that are provided key off power
are fused in the under-hood fuse box, so that is a
good place to start. Pull one fuse at a time while
checking for a drop in the current flow. It's best
to follow a pattern so no fuses are missed. If the
current doesn't drop substantially with any of the
fuses in the under-hood fuse box, move on to the
other fuse boxes and repeat the process, pulling
one fuse at a time.

Once the circuit responsible for the bulk of the
draw is found, take a look at the Power Supply,
Ground, and Circuit Elements section of the service
manual. There you'll find a list of circuits powered by
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Finding the fuse responsible for the draw is only part of the challenge. The next step is to
determine what systems are powered by the fuse.
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each fuse. Once you know the circuits powered by
the fuse, check the individual wiring diagrams to find
out which components and connectors are involved.
Once this is known, look up the locations and make
a plan of attack based on effective isolation of
circuit elements and accessibility of connectors.

For instance, if you found circuit that powered
four components is pulling 300mA, you might look
for a connector that would depower two of the
four branches. Or, depending on location it might
be easiest to just disconnect the components one
at a time. Time spent learning about the circuit,
connectors, and locations will make diagnosis a lot
quicker. A plan of attack is invaluable.

Logic is a diagnostician's best tool. That said, it
sometimes pays to start with an educated guess.
Who knows, you may get lucky with it. There are
a few “repeat offenders” when it comes to key-
off drains. Before proceeding in purely a logical
fashion, it might be a good idea
to start by questioning some of
the usual suspects.

Audio units always have at
least one key-off power source,
and they do fail with some
regularity. If the CD player
decides it needs to eject a stuck
CD, it may not give up on its
_ quest until the battery is dead.

it Door switches are another
.’ /i” common failure. Taking a
g

Don’t miss the forest for the trees! Take a
moment to step back and stop, look, and
listen before getting too fancy with diagnosis.

: E .."\,
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"‘ moment or two to really look at
the car can pay off. Just look for
any lights that are on inside the
car with all of the doors closed. A
dome light that's on all the time
will certainly drain the battery.
Trunk lights can be a little
trickier since the trunk is not
visible from the outside of the
car. The switch is typically
located on the latch or striker,
and they usually are obviously
broken or loose when they
fail, so it's worthwhile to take
a quick look. If in doubt, most

Guilty until proven innocent! Aftermarket junk causes a lot of key-
off drain complaints. Start by assuming the worst and pull its cord.



Key-Off Drain

Nissan products have a trunk that will comfortably
hold a human.

Finally, the glove box light is another place to
look. Thanks to GPS, most folks have stopped
overstuffing the glovebox with maps, but
unfortunately, many have found other stuff to cram
into the glovebox to hold the door slightly ajar and
keep the light on all night.

Add-on Headaches

Folks love to add stuff to their cars. Nissan knows
this and provides quite a few add-on accessories
for a variety of needs or wants. Unfortunately for
those of us who fix cars, the vast majority of add-on
accessories are not Genuine Nissan kits.

Some aftermarket accessory kits are well
designed, but so many are not. Poorly designed
or installed kits can create some real headaches;
often the hardest problems to diagnose are
problems that were created by someone else
modifying the car. Keep an eye out for anything
that is not OE. When in doubt, temporarily disable
aftermarket devices to determine if they are the
source of the trouble before going too deep with
standard diagnosis.

Tough Cases

An intermittent problem with the battery could
cause what might at first appear to be key-off
drain. An intermittent cell short can bring the static
voltage down to 10.5V, which might appear to be a
discharged battery. It's possible for a shorted cell
to come and go as components or sediment shift
inside the battery and this can be very frustrating.
The battery may test good after charging, but then
drop a cell once your customer drives the car home.
If the battery is not sealed, check under the caps for
debris floating in the electrolyte. If debris is found,
suspect a battery problem.

Very intermittent drains are another tough-to-
diagnose problem. A loose detent in the headlight
switch might cause the high beams to come on
in the middle of the night. A loose or misadjusted
striker for the trunk latch might cause the trunk
light to stay on sometimes, but of course not while
you're testing. A damaged door switch might work

nine times out of ten, but you won't know that
unless you work the doors enough while testing
to induce a failure. Best advice? First, don't ignore
seemingly unrelated problems you encounter. If the
headlight stalk feels floppy, consider if there is any
way it might be related to the customer complaint.
Second, operate the car like the customer would.
If there is no drain found with the car sitting static,
start trying to simulate normal use of the car.
Measuring current draw overnight is sometimes
necessary. Using an ammeter in MIN/MAX
recording mode can be very helpful. Remember
that various tests may be run with the key off, so
a 2A draw in the middle of the night may not be a
problem. Use the average function to differentiate
between normal spikes in current draw and
excessive draw.

Involving the Customer

Talking to customers serves two purposes. First,
it may lead to some insight about how to induce
the drain. Ask customer questions about their
driving routines and let them know that you are
trying to duplicate the things they do with the car
to get it to act up. Second, involving customers
gives them a window into the challenges you are
facing, and may spur some empathy and feelings of
good will, rather than just the frustration of owning
a broken car. |
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Innovation
that excites

Optimal tube and fin
configuration provides ideal
coolant flow and efficient

heat transfer.

CV oil coolers included
where required.

INTRODUCING NISSAN All standard
VALUE ADVANTAGE" RADIATORS I '

Radiators are a common replacement in front-end collisions. Your customers
deserve a product that meets Nissan OE standards for fit, form and function.
Value Advantage—Nissan validated performance at very competitive prices,
average list price just $204*

Help is here—call the Nissan Installer Repair Hotline. 1.855.828.4018

VIN specific online ordering—parts.NissanUSA.com

Trust the Original. Genuine Nissan Parts.

parts.NissanUSA.com

*actual prices set by individual dealers.




Feature

How Regenerative
Braking Works

The regenerative braking systems on
Nissan hybrid vehicles can be confusing
and misunderstood. Let’s take a look at
how these systems really work.
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If you've been working in this field
for a while, you probably remember
being surprised when you pulled the
wheels off your first hybrid. Where
were the “regenerative brakes?” There
was nothing behind the wheel but the
familiar disc brake setup, just like a
regular car. How does the car capture
braking energy using regular brakes?
As I'm sure you know now, the
braking is split between the “regular”
brakes and a motor/generator,
attached to the wheels through the
axles. This article will focus on how this
division of work is accomplished. We'll
explore the components that make up
the system, their responsibilities, and
how the whole system works together
to seamlessly provide the braking the
driver wants while capturing the energy

., normally wasted.

Modern braking systems are
complex, but possible to understand
in bite size chunks. This article will
avoid discussion of ABS, VDC, collision
avoidance, and other features that
add complexity and might delay

understanding of how regen works.
Also, systems vary, so this article

will not match every Nissan hybrid.
However, systems will be similar

and what you learn here will speed
understanding when encountering new
models like the 2014 Pathfinder hybrid.

Making a New System
Undetectable from the
Driver’s Seat

Let's start with the most important
thing about the system: “what the driver
wants.” Brakes are there to slow or
stop the car when the driver wants.
Everything else is less important. So,
how does the driver communicate his
or her needs? The braking request
could have been designed around
almost any input device, but Nissan
wisely chose not to “reinvent the wheel”
and stuck with the familiar brake pedal.
If you know how to drive a car, you
know how to drive a Nissan hybrid. Not
only is the input method the same, the
“feel” of the brake pedal is the same as
any other car.
The perception of the

BRAKE FLUID RESERVOIR

sl

braking experience may
be the same, but what'’s
happening behind the
pedal is very different. The
brake pedal is linked to a
*| | master cylinder via a push
]| | rod. Familiar enough, but
then things get different.

The fluid pushed from
STROKE
SIMULATOR m] the master cylinder creates
pressure in a “dead end” in
ACTUATOR the brake actuator where
2 £ 2 two pressure transducers
o~ - ~ -
N LR N RO measure how hard the
MASTER MASTER driver is stepping on the
CYLINDER  CYLINDER
PRESSURE  PRESSURE brake pedal. The Master
SENSOR 2  SENSOR 1

These Master Cylinder Pressure sensors are
the primary input for driver braking request.

Cylinder Pressure sensors
are the primary input for
driver braking request.
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Regenerative Braking

Because the master cylinder is pushing fluid into a “dead
end,” the brake pedal would have no give and feel weird

to the driver, so a spring-loaded piston is used to simulate
the flex of calipers and brake hoses. This gives the driver a
‘regular” feeling brake pedal.

An added benefit to using a real brake master cylinder
is that in the event of a system failure, it can be used to
apply the brakes, just like a regular car. Two normally-
open solenoid valves connect the master cylinder output
lines to the calipers. The solenoid valves only close when
the system is operational. When closed, the master
cylinder pushes fluid into the pressure sensors for the
driver braking request input, but if something goes wrong
or the vehicle is simply not powered up, the fluid goes to
the calipers and the car brakes normally.

After thinking about the failsafe operation, you might
be wondering if the stroke simulator makes the brake
pedal feel mushy when the failsafe valves are open. After
all, the driver would feel the flex of the lines and calipers
on as well as the calibrated mushiness of the stroke

BRAKE FLUID RESERVOIR
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In the event of a system failure, the failsafe
solenoids will close and direct brake fluid to
the calipers to stop the vehicle.

simulator, right? The engineers thought of that too, and
there is an additional solenoid that prevents the stroke
simulator from functioning. If a problem develops, or
the vehicle is not READY, the Stroke Simulator Control
Solenoid prevents stroke simulator operation and helps
maintain a firm pedal in failsafe mode.

In addition to the pressure sensors that monitor master
cylinder output, a stroke sensor is also used on some
systems. The stroke sensor is a redundant sensor with
dual variable voltage outputs similar to a throttle and
accelerator position sensors. The stroke sensor allows
for fine tuning of brake response to driver input.

Making the Driver’s Request Happen

The primary control for the brake system is the ABS
ECU. Ultimately it decides what percentage of the
requested braking will be performed by the disc brakes,
and what percentage will be provided by the electric
motor/generator. However, it must first check with the
hybrid control unit to find out how much torque the hybrid
system can provide, and it must check with the actuator
to get the master cylinder pressure sensor readings.

There are three major players involved in converting
the driver’s braking request into a combination of
regenerative braking and friction braking: the ABS
control unit, the hybrid control unit, and the ABS actuator.

The primary control for the brake system is the ABS
ECU. Ultimately, it decides what percentage of the
requested braking will be performed by the front brakes,
and what percentage will be provided by the electric
motor/generator. However, it must first check with the
hybrid control unit to find out how much torque the hybrid
system can provide, and it must check with the actuator
to get master cylinder pressure sensor readings.

There are several limits to regenerative braking. First,
the motor/generator has a maximum torque output as a
motor. This same torque limitation applies when it is being
used as a generator. The generator can only develop
so much negative torque, and if the braking request

Voltage 2

-
=

o

The stroke sensor found on some systems
has a dual voltage output.
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exceeds the maximum output of the motor/generator, the

remainder will need to come from the conventional brakes.

Another limitation is the battery. If the battery is fully
charged, there is nowhere for any power generated to be
used or stored, so regenerative braking cannot be used.
Thus, the ABS ECU may issue a request or regenerative
braking that cannot be met by the hybrid control unit so
they are constantly negotiating back and forth.

The ABS actuator is a densely packed unit with a lot
of different components and functions, so we'll need
to break this player into small sections to talk about it.
First, let's talk about brake fluid pressure. On a traditional
brake system, the line pressure to apply the caliper
comes from the brake master cylinder. There is often
a brake booster to make the pedal easier for the driver
to press, but the pressure is coming from the master
cylinder pistons. As you'll remember from the beginning
of the article, the brake master cylinder output dead
ends into a pressure sensor and does no work in this
system; it is simply measured.

The pressure necessary to apply the brakes is
generated by an ABS pump. This pump is driven by an
electric motor that is powered by two relays. One relay
supplies power to the pump through a resistor wired in
series with the pump motor. This provides a low (quiet)
speed. The other relay provides full power to the pump
motor for a high (fast) speed. The pump can run slow
and quiet, fast and louder, or shut off entirely. Having two
speeds and two relays also provides redundancy. If one

ACTUATOR

BRAKE ECU

High speed CAN communication line
HV ECU

The ABS control unit, the hybrid control unit,
and the ABS actuator work together to decide
the proportions of regenerative braking and
friction braking.

relay or circuit fails, the other can power the pump and
maintain full brake function until the driver has a chance
to have the warning light addressed.

The ABS pump can generate pressure pretty quickly
but pressure will dip as the brakes are used and rise
as the pump runs. Since the ABS actuator needs to
precisely modulate caliper pressure to match driver
request, it's helpful to have a stable supply pressure. This
is accomplished with an accumulator. This device is sort of
like a capacitor for a hydraulic system. It stores pressurized
fluid to even out dips and spikes in the pressure supply.

The accumulator is a fluid reservoir backed by a
diaphragm and inert pressurized gas. The diaphragm
presses against the fluid reservoir and maintains steady
chamber volume and pressure as fluid is used and added
to the reservoir. Thus, the accumulator prevents rapid
pressure drop when the brakes are applied and buffers
rapid pressure rise when the pump is running.

We now know how pressure is created and stored, but
how does the ABS control unit know when to run the
pump and when to shut it off? | suspect you just guessed
that there is a pressure sensor in the accumulator,
and you were correct. Take a look at the accumulator
pressure PID with the CONSULT and furiously pump the
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The accumulator stores pressurized fluid to
even out dips and spikes in the pressure supply.
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brake pedal. You may be surprised at how steady the
pressure remains. This system works really well.

So now we know how a steady supply of pressure
is created to apply the brakes, but how is the pressure
modulated to precisely match the driver's braking request
minus available regenerative braking? The four brake
caliper pressures are controlled individually. This allows
for all sorts of cool things to be done with ABS and VDC,
but let's ignore those systems for now.

Pressure comes from the accumulator. Pressure can
be released into the brake fluid reservoir. Each brake line
is connected to two solenoid valves inside the actuator.
One valve connects to the accumulator, the other to the
reservoir. When the accumulator valve opens, the line
pressure increases. When the reservoir valve opens the
line pressure decreases.

There are eight solenoid valves (two for each wheel)
called linear valves. Linear can mean, “of or related to
lines”, and these valves control the brake line pressure,
so that definition sort of works and makes it easy to
remember what they do. Or it can mean, *having an
output that is directly proportional to the input” and that
seems like a pretty good definition too as brake pedal
input is proportional to the pressure of the linear valve
output (if we forget about regen). However, the “real”
definition here is the engineering definition of linear
valve. A linear valve has a pintle shaped in a way that its
flow rate is directly proportional to its lift. For example,
if the valve is at 30% lift, the valve will flow 30% of its
maximum flow rate. This type of valve makes fine and
repeatable control of line pressure possible.

Now that we know how line pressure is manipulated,
can we trust that linear valves are so precise right out of
the box, that no calibration is needed? Nope. Just like 02
sensors were added to engine control to verify fuel maps
were correct, the linear valves need a feedback loop and
“long term fuel trim”, as it were, in order to ensure accurate
pressure modulation. The pressure for each caliper is
monitored with a pressure sensor inside the ABS actuator.
The caliper pressure sensors are used calibrate the linear
valves and the calibration information is stored in the
ABS control unit. So if the actuator or the control unit is
replaced, the calibration must be repeated. The calibration
can also be “undone” with a CONSULT. This will cause
a warning light and braking feel that is noticeably out of
proportion with the brake pedal pressure.

Putting it all Together
Let's review what we've learned and follow the action
from the sole of the driver's shoe to the tread of the tire.

When the driver presses the brake pedal, the amount of
pressure and pedal acceleration are measured by the
ABS ECU to determine the braking request. The ABS
ECU and the HV ECU negotiate so that the maximum
amount of braking request can come from the motor/
generator as regenerative braking. The ABS ECU
provides the remainder of the braking by applying fluid
pressure stored in the accumulator to the wheels by
precisely metering the pressure to each wheel with
linear valves and wheel cylinder pressure sensors
working together in a feedback loop. The blending of
regenerative braking and conventional braking is so
seamless that it's usually impossible for the driver to tell
that there is any difference from a conventional car that
wastes energy every time the brake pedal is pressed. |
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Nissan Program Dealers

ALABAMA
ALBERTVILLE

NISSAN OF ALBERTVILLE
(256) 878-4390

BIRMINGHAM
BENTON NISSAN OF HOOVER
(205) 823-5266

JIM BURKE NISSAN
(205) 278-5904

SERRA NISSAN
(205) 856-2544

DAPHNE
CHRIS MYERS NISSAN
(251) 626-5558

FLORE|
JERRY DAMSON NISSAN, LLC
(256) 381-0525

HUNTSVILLE
LANDERS MCLARTY NISSAN
(956) 830-0266

MOBILE
PAT PECK NISSAN
(251) 470-6052

MONTGOMERY
JACK INGRAM MOTORS, INC.
(334) 277-5700

OXFORD
BENTON NISSAN
(256) 831-8882
ALASKA

ANCHORAGE
CONTINENTAL NISSAN/ANCHOR
(907) 334-6230

AVONDALE
AVONDALE NISSAN
(888) 856-3322
CHAND

AUTONATION NIS CHANDLER
(480) 461-4358

MESA
EARNHARDT'S NISSAN/SUPER
(480) 324-8880

LARRY H. MILLER NIS MESA
(480) 655-4060

PEORIA
PEORIA NISSAN
(623) 523-6250

PHOENIX

ABC NISSAN
(602) 264-3666
MIDWAY NISSAN
(602) 866-6650

PRESCOTT

LAMB NISSAN, INC.
(928) 708-1406
SCOTTSDALE

PINNACLE NISSAN
(480) 368-4050

TEMPE
AUTONATION NISSAN TEMPE
(480) 598-6111

TUCSON
JIM CLICK NISSAN
(520) 884-4130

BENTONVILLE
L ANDERS MCLARTY NISSAN
(479) 845-8484

CONWAY
SUPERIOR NISSAN OF CONWAY
(601) 513-4655

FAYETTEVILLE
SUPERIOR NISSAN
(479) 442-4251

FORT SMITH
SMITH NISSAN
(479) 648-1900

NO LITTLE ROCK
NORTH LITTLE ROCK NISSAN
(501) 604-3955

PINE BLUFF
WELCH MOTOR COMPANY
(870) 534-1551

ALHAMBRA
ALHAMBRA NISSAN
(626) 289-7802

ANTIOCH
ANTIOCH NISSAN
(925) 281-5050

BAKERSF
NISSAN OF BAKERSFIELD
(661) 396-4035

BUENA PARK
BUENA PARK NISSAN
(714) 739-0800

BURLINGAME
NISSAN OF BURLINGAME
(650) 347-4800

CARSON
CARSON NISSAN

(310) 221-5121
CATHEDRAL CITY

PALM SPRINGS NISSAN
(760) 328-2828

CERRITOS
CERRITOS NISSAN
(800) 396-7278

CHICO
CHICO NISSAN, INC.
(530) 891-0202

CHULA
MOSSY NISSAN CHULAVISTA
(619) 397-6578

CITY OF INDUSTRY
PUENTE HILLS NISSAN
(626) 626-2600

CLovIS
NISSAN OF CLOVIS
(659) 297-6919

COLMA
SERRAMONTE NISSAN
(650) 488-2870

AUTOCOM NISSAN OF CONCORD
(925) 676-440

CORONA
CORONA NISSAN
(951) 735-3360

COSTA MESA
CONNELL NISSAN
(714) 444-4220

DOWNEY
DOWNEY NISSAN
(888) 444-1355

DUARTE
NISSAN OF DUARTE
(626) 305-3000

DUBLIN
DUBLIN NISSAN
(925) 452-8019
ELCAJ

MOSSY NISSAN EL CAJON
(619) 401-2068

ROSS NISSAN OF EL MONTE
(800) 411-055

ELK GROVE
NISSAN OF ELK GROVE
(916) 405-5010

ESCOND
MOSSY NISSAN ESCONDIDO
(760) 746-b

FAIRFIELD
MOMENTUM NISSAN
(707) 402-3200

FUTURE NISSAN OF FOLSOM
(916) 803-

FONTANA
FONTANA NISSAN
(909) 350-8404

FREMONT
PREMIER NISSAN OF FREMONT
(510) 668-8760

FRESNO

LITHIA NISSAN OF FRESNO
(659) 435-3500

GARDENA

GARDENA NISSAN, INC
(310) 527-9215

GLENDALE

GLENDALE NISSAN

(818) 547-5550

HAWTHORNE
AUTONATION NIS SOUTH BAY
(310) 536-4040

HEMET
PEDDER NISSAN
(951) 766-1446
HUNTINGTON BEACH

SURF CITY NISSAN
(714) 500-6040

IMPE
ROGERS & ROGERS NISSAN
(760) 352-2900

IRVINE
OC NISSAN-IRVINE
(800) b16-4797

LA QUINTA
TORRE NISSAN
(760) 777-8999

LOSA
NISSAN OF DOWNTOWN LA
(888) 576-4560

UNIVERSAL CITY NISSAN INC
(818) 980-0655

MISSION HILLS
NISSAN OF MISSION HILLS
(818) 408-6870

MODE
CENTRAL VALLEY NISSAN INC
(209) 526-9736

MONTCLAIR
METRO NISSAN OF MONTCLAIR
(909) 621-0391

NAPA
NAPA NISSAN, INC.
(707) 263-1783

NATIONAL CITY
MOSSY NISSAN NATL CITY
(619) 263-

OAKLAND
AUTOCOM NISSAN OF OAKLAND
(510) 350-1051

ONTARIO
EMPIRE NISSAN, INC.
(800) 994-8881

ORANGE
STADIUM NISSAN
(714) 633-4264
OXNARD

TEAM NISSAN
(805) 485-2910

PALMDA
ANTELOPE VALLEY NISSAN
(661) 274-9556

PETALU
NORTH BAY NISSAN, INC.
(800) 788-0772

REDLANDS

METRO NISSAN OF REDLANDS
(888) 505-9211

REDWOOD CITY

BOARDWALK NISSAN
(650) 364-0100

RICHMO
HANLEES HILI_TOP NISSAN
(510) 222-4900

RIVERSIDE
RACEWAY NISSAN
(760) 625-9522

RIVERSIDE NISSAN
(951) 688-9420

ROSEVILLE
FUTURE NISSAN, INC.
(916) 677-5251

SACRAM
MAITA'S NISSAN SACRAMENTO
(916) 486-874

SAN BERNARDINO
NISSAN OF SAN BERNARDINO
(877) 331-3647

SAN DIEGO
MOSSY NISSAN KEARNY MESA
(858) 565-4411

PACIFIC NISSAN
(800) 365-6429

SAN FRANCISCO
NISSAN SAN FRANCISCO
(415) 500-8000

SAN JOSE
PREMIER NISSAN
(408) 978-4580

SAN LEANDRO
AUTOCOM NISSAN EAST BAY
(510) 347-4000

SAN LUIS OBISPO
COAST NISSAN
(805) 786-2928
SAN RAFAEL

NISSAN MARIN
(415) 526-2400

SANTA CLARA
STEVENS CREEK NISSAN
(408) 557-5549

SANTA CRUZ

SANTA CRUZ NISSAN
(831) 426-5100
SANTA ROSA

JIM BONE NI SANTA ROSA
(707) 545-4500

MA
SELMA NISSAN
(559) 891-2896
SHERMAN OAKS

NISSAN OF VAN NUYS
(818) 787-1270

SIGNAL H
HOOMAN NISSAN LONG BEACH
(800) 519-2401

SIMI VALLEY
FIRST NISSAN
(805) 306-1021

STOCKTON
NISSAN OF STOCKTON
(209) 955-3170
SUNNYVALE

NISSAN SUNNYVALE
(408) 470-4150

TEMECULA
QUALITY NISSAN/TEMECULA
(951) 687-3772

TRACY
TRACY NISSAN
(209) 820-6000
TUSTIN

TUSTIN NISSAN
(714) 669-8282

VACAVILLE
NISSAN OF VACAVILLE
(707) 455-4500

VALE
NISSAN OF VALENCIA
(866) 751-0234

VALLEJO
VALLEJO NISSAN, INC.
(707) 643-8291

VICTORVILLE
VALLEY HINISSAN
(888) 293-7762

VISALIA
NISSAN OF VISALIA
(559) 741-2274
WALNUT CREEK

AUTOCOM NIS OF WALNUT CK
(925) 934-8224

COLORADO

AURORA
TYNAN'S NISSAN INC
(303) 341-3214

CENTENNIAL
AUTONATION NIS ARAPAHOE
(303) 790-7333

COLORADO SPRINGS
SOUTH COLO SPGS NISSAN
(719) 550-3041

WOODMEN NISSAN
(719) 234-1060

DENVER
AUTONATION NISSAN 104
(303) 738-4330

HIGHLANDS RANCH
LARRY H. MILLER NISSAN
(720) 274-5243

HARTFORD
HARTE NISSAN, INC.
(860) 541-6942

MANC
DECORMIER MOTOR SALESINC
(860) 643-4165

MIDDLEBURY
COUNTY LINE NISSAN
(203) 758-8221

MIDDLETOWN
MIDDLETOWN NISSAN, LLC
(860) 632-6400

MILFORD

NAPOLI NISSAN
(203) 877-5607

NORTH HAVEN
EXECUTIVE NISSAN
(888) 479-56890

SHELTON
D'ADDARIO NISSAN
(800) 998-6978

TORRINGTON
ALFANO NISSAN
(860) 482-5555

WALLINGFORD
BARBERINO NISSAN
(203) 265-5099

WEST HAVEN
GEORGE HARTE NISSAN, INC.
(203) 389-5701

WEST SIMSBURY
HOFFMAN NISSAN
(860) 658-3340

WILTON
BRUCE BENNETT NISSAN
(203) 544-8371

NEW CAS
SHERIDAN NISSAN LLC.
(302) 326-6134

CLEARWATER
AUTONATION NIS CLEARWATER
(800) 888-2292

CLEARWATER
LOKEY NISSAN
(727) 450-7989

CORAL SPRINGS
CORAL SPRINGS NISSAN INC
(954) 7562-9595

DELAND
DELAND NISSAN
(386) 734-3003
FAIRFIELD

PAUL MILLER NISSAN, LLC
(203) 367-6050

FORT LAUDERDALE
AUTONATION NISSAN FT LAUD
(954) 524-2105

FORT MYERS
SUTHERLIN NISSAN
(239) 267-1359

GAINESVILLE
GAINESVILLE NISSAN
(362) 371-2023

HOMOSASSA
CRYSTAL NISSAN
(352) 628-4300

JACKSONVILLE
AUTONATION NISSAN JACKSON
(866) 668-8933

AUTONATION NISSAN ORANGE
(904) 269-9400

COGGIN NISSAN
(904) 642-7900

COGGIN NISSAN AT THE AVE
(904) 886-7330

LAKE
ROUNTREE MOORE NISSAN
(386) 752-5050



LAKELAND
JENKINS NISSAN, INC.
(863) 686-2800

MERRITT ISLAND
MIKE ERDMAN NISSAN
(321) 453-2050

MIAMI
AUTONATION NISSAN MIAMI
(305) 444-7868

BILL SEIDLE'S NISSAN INC.
(305) 635-5478

NAPLES
NAPLES NISSAN
(239) 669-9000

NEW PORT RICHEY
FERMAN NISSAN OF NPR
(727) 847-5555

NORTH WINDHAM
GATES NISSAN
(860) 456-0055

OCALA
PEARSON NISSAN OF OCALA
(359) 622-4111

OLD SAYBROOK
GROSSMAN CHEV-NISSAN-GEO
(860) 388-5785

ORLANDO
REED NISSAN
(407) 297-7333

SUTHERLIN NISSAN ORLANDO
(407) 657-9500

PALATKA
BECK NISSAN, INC.
(386) 3282775
PALMETTO BAY

AUTONATION NISSAN KENDALL
(305) 259-2658

PEMBROKE PINES
AUTONATION NTSSAN PEMBROK
(954) 447

PENSACOLA
SANDY SANSING NISSAN, INC
(850) 479-4777

POMPANO BEACH
PERFORMANCE NISSAN
(954) 781-7700

RIVIERA BEACH
NAPLETON NISSAN
(561) 848-0688

ROYAL PALM BEACH
ROYAL PALM NISSAN
(661) 491-7540

TAMPA
AUTONATION NISSAN BRANDON
(813) 739-3427

COURTESY NISSAN OF TAMPA
(877) 471-7658

FERMAN NISSAN OF NO TAMPA
(813) 933-6641

WESLEY CHAPEL
WESLEY CHAPEL NISSAN
(813) 751-1300

WINTER HAVEN
HILL NISSAN, INC.
(863) 595-2434

AUGUSTA
SUNBELT NISSAN
(706) 854-1000

BOGART
NISSAN OF ATHENS
(706) 549-6600

BUFORD
SUTHERLIN NISSAN MALL/GA
(678) 714-1062

CARROLLTON
SCOTT EVANS NISSAN
(770) 832-8222

CHAMB
CAPITOL CTTY NISSAN, LLC
(770) 457-4441

COLUMBUS
HEADQUARTER NISS COLUMBUS
(706) 225-8064

CONYERS
CONYERS NISSAN
(770) 929-8432

DECATUR
NALLEY NISSAN
(404) 292-4774

DULUTH
GWINNETT PLACE NISSAN
(770) 813-6770

GAINESVILLE
CARRIAGE NISSAN
(678) 717-0440

KENNESAW
TOWN CENTER NISSAN
(770) 423-7469

STONE MOUNTAIN NISSAN
(678) 252-311

MARIETTA
AUTONATION NISSAN MARIETT
(770) 421-8639

MORROW

NISSAN SOUTH
(770) 968-1360
ROSWELL

REGAL NISSAN INC
(770) 998-8686
SAVANNAH

VADEN NISSAN
(912) 920-5480

UNION CITY
NISSAN SOUTH UNION CITY
(770) 306-9817

HAWAII

HONOLULU

NEW CITY NISSAN
(808) 545-3111
LIHUE

KUHIO NISSAN
(808) 245-0525
WAIPAHU

TONY NISSAN
(808) 680-7140
IDAHO

BOISE
DENNIS DILLON NISSAN
(208) 336-6191

POST FALLS
FINDLAY NISSAN
(208) 618-5005

ARLINGTON HEIGHTS
ARLINGTON NISSAN/ARLINGTN
(847) 590-0154

CHAMPAIGN
ILLINI NISSAN
(217) 852-8910

CHICAGO
MID CITY NISSAN, INC.
(888) 635-5652

COUNTRY:!
CONTINENTAL MOTORS INC
(708) 364-3745

CRYSTAL LAKE
JIMM'LADY NISSAN
(816) 459-2296

ELGIN
MCGRATH NISSAN, INC,
(847) 695-6700

EVANSTON

THE AUTOBARN NISSAN
(847) 570-3077
GLENDALE HEIGHTS
GLENDALE NISSAN, INC.
(630) 469-6100

HIGHLAND PARK
MULLER NISSAN
(847) 433-6656

HOFFMAN ESTATES
WOODFIELD NISSAN, INC.
(847) 310-1900

MATTESON
HAWKINSON NISSAN, L.L.C.
(708) 720-2185

NILES
STARNISSAN, INC.
(800) 421-1947

OFA
AU FENBERG NISSAN
(618) 622-4646

OAK LAWN
KELLY NISSAN, INC.
(708) 425-6659
SKOKIE

MARTIN NISSAN
(847) 967-2299

SOUTH HOLLAND
NISSAN OF SOUTH HOLLAND
(800) 696-4772

SPRINGFIELD
GREEN NISSAN
(217) 787-7620

ST CHARLES
NISSAN OF ST. CHARLES
(630) 584-2489

BURNS HARBOR
BOB ROHRMAN NISSAN
(219) 7871777

CLARKSVILLE
COYLE NISSAN, LLC
(812) 218-1400

ELKHART
TOM NAQUIN CHEV-NISSAN
(574) 293-8621

FORT WAYNE
FORT WAYNE NISSAN
(260) 484-8801

INDIANAPOLIS
ANDY MOHR NISSAN, INC.
(317) 298-2015

ED MARTIN NISSAN
(800) 731-0228

HUBLER NISSAN, INC,
(800) 960-9811

TOM WOOD NISSAN, INC.
(317) 688-6222

SCHERERVILLE
NAPLETON NISSAN
(219) 865-3800

WARSAW

SORG NISSAN
(574) 267-5850

IOWA

COUNCIL BLUFFS
EDWARDS NISSAN
(712) 366-9481

DES MOINES
HUMMEL'S NISSAN
(516) 251-8115

KANQAQ

MANHATTA
BRIGGS AUTO GROUP, INC.
(785) 537-8330

MERRIAM
HENDRICK NISSAN KC
(913) 722-5195

OLATHE
MCCARTHY OLATHE NISSAN
(913) 324-7381

WICHITA
MCGAVOCK NISSAN WICHITA
(316) 681-6970

LOUISVILLE
BYERLY FORD-NISSAN INC.
(502) 448-8222

NEIL HUFFMAN NISSAN, INC.
(502) 897-3151

BATON ROUGE
ALL STAR NISSAN, LLL.C.
(225) 272-9330

ROYAL NISSAN INC
(225) 624-0400

COVINGTO!
E TOURELLE S NORTHPRK NIS
(985) 893-0079

RAY BRANDT NISSAN INC
(504) 363-1918

METAIRIE
PREMIER NISSAN/METAIRIE
(504) 455-5880

MAINE
AUBURN

LEE NISSAN OF AUBURN

(207) 783-2291

SACO
BILL DODGE NISSAN OF SACO
(207) 283-3999

SOUTH PORTLAND
BERLIN CITY NISSAN
(207) 774-1429

MARYLAND
ANNA

BAYSIDE NISSAN ANNAPOLIS
(410)571-0014

BALTIM
ANTWERPEN SECURITY NISSAN
(410) 298-5369

BOB BELL CHEVROLET/NISSAN
(410) 288-7442

BEL AIR
BEL AIR NISSAN
(410) 879-1133

BETHESDA

CHEVY CHASE NISSAN
(301) 656-9200
CLARKSVILLE

ANTWERPEN NISSAN, INC.
(866) 226-4930

COLLEGE PARK
DARCARS NISSAN/COLLEGE PK
(301) 345-6245

CUMBERLAND
TIMBROOK NISSAN
(301) 777-8600

ELLICOTT CITY
NORRIS NISSAN WEST
(443) 549-1260

FREDERICK
YOUNGER NISSAN/FREDERICK
(301) 662-4800

GERMANTOWN
CRISWELL NISSAN
(240) 364-7239

GLEN BURNIE
SHEEHY NISSAN
(877) 478-3639

HAGERSTOWN
HAMILTON NISSAN, INC.
(240) 420-8223

LAUREL
TISCHER NISSAN
(800) 288-6983
MARLOW HEIGHT.

PASSPORT NIS/MARLOW HGTS
(301) 423-8400

ROCKVILLE
DARCARS NISSAN
(301) 212-4870

SALISBU
POHANKA NISSAN/SALTSBURY
(410) 548-4704

SILVER SPRING
HERB GORDON NISSAN
(301) 890-3055

TIMONIUM
NATIONWIDE MOTOR SLS CORP
(410) 262-5834

WALDORF
SHEEHY NISSAN OF WALDORF
(301) 843-56300

MASSACHUSETT:

AUBURN
BERTERA NISSAN, INC.
(508) 832-9611

BOURNE

NISSAN OF BOURNE
(508) 759-4400
BROCKTON

NISSAN 24
(508) 513-1869

CHICO
CURRY NTSSAN CHICOPEE
(413) 474-6800

HADLEY
COUNTRY NISSAN
(413) 774-3121

BALISE NTSSAN OF CAPE COD
(508) 771-3636

KINGSTO
SULLI\/AN BROS. NISSAN L/M
(781) 585-1100

LANCAST!
RON BOUCHARD S NISSAN
(978) 345-1800

LYNNFIE|
KELLY NISSAN OF LYNNFIELD
(866) 979-4250

MARLBOROUGH
MARLBORO NISSAN
(508) 481-3232

MILFORD
MILFORD NISSAN
(508) 422-8000

NEWTON
CLAY NISSAN OF NEWTON INC
(617) 964-3000

NORTH ATTLEBORO
NISSAN VTLLGE/N ATTLEBORO
(888) 309

NORTH DARTMOUTH
TASCA NISSAN OF DARTMOUTH
(508) 996-3325

NORWOOD
CLAY NISSAN
(781) 326-1500

QUINCY
QUIRK NISSAN, INC.
(781) 917-1240

RAYNHAM

MASTRIA NISSAN, INC.
(800) 248-2458
STONEHAI

M
KELLY NISSAN OF WOBURN
(781) 835-3500

TEWKSB
AUTOFAIR NISSAN/TEWKSBURY
(978) 746-2500

WEST SPRINGFIELD
JERRY ROME NISSAN
(413) 746-2269

BATTLE CREEK
DEMAAGD GMC-NISSAN, INC.
(269) 963-5538

FARMINGTON HIL
SUBURBAN NISSAN/FARM HILL
(800) 242-8425

GRAND RAPIDS
GEZON MOTORS, INC.
(616) 361-7361

HIGHLAND
LAFONTAINE NISSAN, INC.
(248) 887-8900

KALAMAZOO
COLE NISSAN, LLC
(269) 342-9800

KENTWOO
FOX NISSAN / GRAND RAPIDS
(616) 719-6750

ROSEV
JEFFREY AUTOMOTTVE GROUP
(686) 296-1300

TRAVERSE CITY
TRAVERSE CITY AUTO PLAZA
(800) 852-6475

TROY
SUBURBAN NISSAN OF TROY
(248) 649-2074

SOUTHFIELD
TAMAROFF NISSAN
(248) 353-1300

MINNE&QTA

BROOKLYN PAR

BROOKLYN PARK AUTOMOTIVE
(763) 765-1562

BURNSVILLE
WALSER NISSAN
(952) 898-7306



INVER GROVE HEIGH
LUTHER NISSAN
(800) 246-9984

MAPLEWOOD
KLINE NISSAN
(651) 379-4325

SAINT CLOUD
MILLER LINCOLN-NISSAN
(320) 251-1363

WAYZA
WAYZATA NISSAN, LLC
(952) 475-3939

WILLMAR
MILLS NISSAN
(320) 231-1160

BRANDON
GRAY-DANIELS NISSAN BRAND
(800) 530-7989

BROOKHAVEN
PAUL BARNETT NISSAN
(601) 833-9124

GULFPORT
PAT PECK NISSAN
(228) 864-6411

JACKSO
CANNON NISSAN JACKSON LLC
(601) 360-7490

GRAY-DANIELS NISSAN NORTH
(601) 899-7450

PICAYUNE

NISSAN OF PICAYUNE
(601) 889-5454
SOUTHAVEN

LANDERS NISSAN, LLC
(662) 349-5557

Ml RI

BALLWIN
WEST COUNTY NISSAN
(866) 536-4795

HAZELW!
BOMMARITO NISSANINC
(314) 731-8270

JOPLIN
FRANK FLETCHER NISSAN
(@17) 7811177

KANSAS CITY
FENTON NIS TIFFANY SPRING
(816) 459-4800

SAINT LO
LOU FUSZ MOTOR COMPANY
(800) 392-1372

SUNTRUP NISSAN VOLKSWAGEN
(314) 892-7790

SPRINGFIELD
JOHN YOUNGBLOOD MOTORS
(417) 882-3838

MONTANA

MISSO

MISSOULA NISSAN-HYUNDAI
(406) 721-1100

NEBRASKA

BELLEVUE
WOODHOUSE NISSAN, INC.
(402) 731-3138

OMAHA
NISSAN OF OMAHA, LLC
(402) 493-1945

HENDER
I—IENDERSON NISSAN
(702) 558-5974

LAS VEGAS
AUTONATION NIS LAS VEGAS
(702) 262-0540

PLANET NISSAN
(702) 839-6138

UNITED NISSAN
(702) 207-8032

CONCORD
CONCORD NISSAN, INC.
(603) 224-9968

MANCHESTER
TEAM NISSAN, INC.
(603) 634-4442

NASHUA
PETER'S NISSAN OF NASHUA
(603) 579-5205

PORTSMOUTH
PORT CITY NISSAN, INC.
(603) 431-6500

NEW JERSEY
VE

AVENEL
SANSONE'S ROUTE 1 NISSAN
(732) 815-2525

BLOOMFI
LYNNES NISSAN CITY INC.
(973) 743-8387

BUTLER
ROUTE 23 NISSAN, L.L.C.
(888) 393-4861

CHERRY HILL
CHERRY HILL NISSAN, INC.
(856) 667-8010

FLEMINGTON
FLEMINGTON NISSAN
(800) 381-9113

FREEHOLD

DCH FREEHOLD NISSAN
(732) 780-4660
HAINESP

CLASSIC CARS NISSAN INC
(609) 267-2886

HASBROUCK HEIGHTS
AUTOEASTERN NI OF MEADOWLA
(888) 935-7799

HILLSIDE
ROUTE 22 NISSAN, INC.
(908) 964-8700

JERSEY CITY
HUDSON NISSAN
(201) 435-2003

KEYPO
PINE BELT NISSAN/KEYPORT
(732) 264-4364

SANSONE JR S 66 NISSAN
(800) 27

NORTH PLAINFIELD
NORTH PLAINFIELD NISSAN
(800) 311-4663

SOUTH BRUNSWICK
ACME NISSAN
(800) 367-0269

TOMS R
PINE BELT AUTOMOTIVE INC
(732) 349-6878

TURNERSVILLE
NISSAN OF TURNERSVILLE
(800) 883-0003

UPPER SADDLE RIV
RAMSEY NISSAN, INC.
(201) 825-9050

WOODBURY
WOODBURY NISSAN, INC
(856) 853-8176

ALBUQUERQUE
MELLOY NISSAN
(505) 266-8588

RELIABLE NISSAN
(505) 897-6001

LAS CRUCES
JACK KEY NISSAN
(675) 312-6299
NEW YORK

DESTINATION NISSAN
(018) 694-0929

AMHERST

MIKE BARNEY NISSAN
(716) 833-6618
BAYSID

STAR NISSAN INC.
(718) 359-7454

BLAUVELT
ROCKLAND NISSAN
(845) 358-3670

BROOKLYN
BAY RIDGE NISSAN, INC.
(718) 238-4776

KINGS NISSAN INC
(718) 934-3900

EAST ROCHESTER
HOSELTON NISSAN, INC.
(585) 385-3560

GREAT N
GREAT NECK NISSAN, LLC
(516) 301-6155

HUNTINGTON STATIO
NISSAN OF HUNTINGTON
(631) 439-7080

JACKSON HEIGHTS
KOEPPEL NISSAN INC
(718) 898-7800

JAMEST
SHULTS NISSAN SUBARU
(716) 484-2780

KINGSTON
KINGSTON NISSAN
(845) 338-3100

LOCKPORT
CAPPELLINO NISSAN
(716) 625-8889

LIA NISSAN OF SARATOGA
(518) 886-4831

MT KIS!
JIM HARTE NISSAN, INC.
(914) 242-3990

ORCHARD PARK
WEST-HERR NISSAN
(716) 662-8008

OZONE PARK
NISSAN OF QUEENS
(877) 269-2886
PATCHOGUE

NISSAN 112 SALES CORP
(631) 289-9070

RIVERH
RIVERHEAD AUTO MALL, LTD.
(631) 369-0111

ROCHESTER
DORSCHEL NISSAN
(58b) 334-9440

SAINT JAMES
SMITHTOWN NISSAN, INC.
(631) 361-9560

SCHENECTADY
LIANISSAN
(518) 370-2121

SEAFORD
MASSAPEQUA NISSAN
(631) 842-5320
STATEN ISLAND

S. G, HYLAN MOTORS CORP
(718) 447-3863

SYOSSET
LEGEND NISSAN, LTD
(516) 496-7385

WEST IS
ATLANTIC NISSAN SUPERSTOR
(631) 587-2766

WILLIAMSVILLE
AUTOPLACE NISSAN
(716) 633-9900

NQRTH QARQLINA
CHARL

EAST CHARLOTTE NISSAN
(704) 535-4012

CHARLOTTE

SCOTT CLARK NISSAN
(704) 552-9191
CLINTON

NISSAN OF CLINTON
(910) 590-2005

MODERN NISSAN OF CONCORD
(704) 788-211

CORNELIU
MODERN NISSAN/I_AKE NORMAN
(704) 237-5100

DURHAM
MICHAEL JORDAN NISSAN
(919) 489-3800

ELIZABETH CITY
ALLIANCE NISSAN
(252) 331-1107

FAYETTEVILLE
FRED ANDERSON NISSAN/FAY
(910) 323-4400

GREENSBORO
CROWN NISSAN
(866) 525-9859

GREENVILLE
GREENVILLE NISSAN
(259) 756-1738
GOLDSB

DEACON JONES NISSAN, LLC
(919) 734-2411

CROSSROADS NISSAN/HICKORY
(828) 324-5

HIGH POIN
VANN YORKS HIGH PT NISSAN
(336) 884-412

JACKSONVILLE
DON WILLIAMSON NISSAN
(910) 353-7700

MOUNT
SIMMONS NISSAN INC.
(336) 786-8371

RALEIGH
FRED ANDERSON NISSAN/RAL
(919) 622-0928

SANFOI
CROSSROADS NISSAN
(877)399-4830

STATESVILLE
CLASSIC NISSAN STATESVILL
(704) 872-8500

WAKE FOREST
CROSSROADS NIS WAKE FRST
(919) 435-5740

WILMINGTON
CAPITAL NISSAN WILMINGTON
(910) 392-4300

WINSTON-SALEM
MODERN NISSAN, LLC
(336) 744-2142

OHIO

AKRON
FRED MARTIN NISSAN, LLC
(330) 644-8888

BEDFORD
BEDFORD NISSAN INC
(440) 439-5785

BOARDMAN
BOARDMAN NISSAN
(330) 726-5555
CHILLICOTHE

NOURSE NISSAN
(740) 773-7913

CINCINNATI
BUSAM MOTOR SALES, INC.
(513) 771-8100

KINGS NISSAN
(513) 677-4020

COLUMBUS
RICART NISSAN
(614) 836-6251

GERMAIN NISSAN
(614) 418-4506

MATT CASTRUCCI NISSAN
(800) 952-4604

FAIRFIELD
JEFF WYLER NISSAN FAIRFLD
(513) 682-2500

HILLIARD
BUCKEYE NISSAN, INC.
(614) 771-2370

MASSILLON
WAIKEM NISSAN, INC.
(800) 274-0157

MAYFIELD HEIGHTS
GANLEY NISSAN, INC.
(440) 449-9500

MENTOR
MENTOR NISSAN
(440) 951-1100
MIDDLEBURG HTS

NISSAN OF MIDDLEBURG HTS
(440) 884-7800

STREETSBORO
NISSAN OF STREETSBORO
(330) 422-7300

TOLEDO

YARK NISSAN

(419) 842-7532
VANDAL

BEAU TOWNSEND NISSAN, INC
(937) 898-6200

ZANESVILLE
DUTRO NISSAN
(740) 452-6334

OKLAHOMA
BROKEN ARROW
NELSON NISSAN
(877) 910-4646

OKLAHOMA CITY
BOB HOWARD NISSAN, INC.
(405) 943-9555

HUDIBURG NISSAN, L.L.C.
(405) 632-0715

TULSA
BOB MOORE NISSAN OF TULSA
(918) 628-1495

JACKIE COOPER NISSAN
(918) 392-9832

OREGON

EUGENE
LITHIA NISSAN OF EUGENE
(641) 686-2218

MEDFORD
LITHIA NISSAN
(641) 774-8416

PORTLAND
TONKIN NISSAN
(603) 222-2277

ALLEN
ROTHROCK MOTOR SALES, INC
(484) 223-0596

BARTONSVILLE
ABELOFF NISSAN
(888) 706-4422

BEAVER FALLS
BEAVER COUNTY NISSAN
(724) 847-4800

CHAMBERSBURG
FITZGERALD NISSAN
(800) 811-7519

CONSHOHOCKEN
CONICELLI NISSAN
(800) 845-0999

DOYLES
ERED BEANS NISSAN/DQOYLEST
(215) 345-6900

DUNMORE
TOM HESSER NISSAN, LLC
(866) 950-2277

ON
KELLY NISSAN
(800) 634-5611
EAST PETERSBURG

LANCASTER NISSAN, INC.
(717) 569-1333

ERIE
PORRECO NISSAN, INC.
(814) 860-8377



EXTON
EXTON NISSAN
(610) 594-7065

FAIRLESS HILLS
PERUZZI NISSAN
(216) 943-6200

FEASTERVILLE
COLONIAL NISSANINC
(215) 364-1800

GREENSBU
STAR CHEV- NISSAN -VOLVO
(724) 834-6100

INDIA|
MARK ARBUCKLE NISSAN
(724) 465-3100

JENKINTOWN
FAULKNER NISSAN
(215) 887-7940

MECHANICSBURG
BRENNER NISSAN
(800) 396-8054

MONTGOMERYVILLE
MONTGOMERYVILLE NISSAN
(888) 430-2929

MOON TOWNSHIP
WEST HILLS NISSAN
(419) 262-1403

MUNCY
ALEXANDER NISSAN INC.
(670) 326-6127

PHILADELPHIA
CHAPMAN NISSAN LLC
(215) 492-8900

PITTSBURGH
COCHRAN NISSAN/SOUTH HILL
(412) 343-3200

PITTSBURGH EAST NISSAN
(412) 823-0101

PLEASANT HILLS
BOWSER NISSAN
(888) 455-2377

STATE COLLEGE
NISSAN OF STATE COLLEGE
(814) 206-0901

WARMINSTER
O'NEIL NISSAN INC.
(216) 674-9300

WEXFORD
WRIGHT AUTOMOTIVE GROUP
(724) 935-4646

YORK
APPLE NISSAN, INC.
(717) 755-9543

RHODE ISLAND
EAST PROVIDENCE

TASCA NISSAN

(401) 432-2000

MIDDLETOWN
PREMIER NISSAN OF NEWPORT
(401) 619-5050

WARWICK
BALISE NISSAN
(401) 780-3790

WEST WARWICK
NISSAN WEST WARWICK
(401) 824-2364

§QuTH QARQLINA
BEEC!

BOB RICHARDS NISSAN
(803) 489-1111

CHARLESTON
MORRIS MOTORS, INC
(843) 571-2810

COLUMBIA
DICK SMITH NISSAN
(800) 922-6218

EASLEY
BENSON NISSAN
(864) 850-6440

GREENVILLE
CROWN NISSAN GREENVILLE
(864) 264-7711

GREER
NISSAN OF GREER
(864) 877-7678

HARDEEVILLE
HILTON HEAD NISSAN
(800) 868-6615

MYRTLE BEACH
GRAND STRAND NISSAN, INC.
(843) 236-2191

NORTH CHARLESTON
HUDSON NISSAN
(843) 553-1000

ROCK HILL
HARRELSON NIS SO CAROLINA
(803) 372-56932

SUMTER
JONES NISSAN, INC.
(803) 469-3424

SIOUX FALLS
BILLION NISSAN
(605) 977-8150

TENNESEE

ALCOA
TWIN CITY NISSAN
(865) 970-4132

BRISTOL
BILL GATTON NISSAN
(423) 989-6700

CHATTANOOGA
HUNT NISSAN
(423) 899-2625

MTN. VIEW NISSAN INC.
(423) 756-1500

CLARKSVILLE
HAROLD MATHEWS NISSAN
(931) 221-4230

FRANKI
S OF COOL SPRINGS
(877) 250-7778

GALLATIN
NEWTON NISSAN OF GALLATIN
(615) 451-6827

JOHNSO
TRI- CITIES NISSAN INC.
(423) 952-1920

KNOXVILLE
TED RUSSELL NISSAN
(865) 693-2856

MANCHESTER
JOHN ROBERTS NISSAN
(931) 728-2212

MADIS!
NISSAN OF RIVERGATE
(800) 338-6056

MEMPHIS
AUTONATION NISSAN MEMPHIS
(901) 759-6100

JIM KERAS NISSAN INC
(901) 373-2820

MORRISTOWN
EAST TENNESSEE NISSAN INC
(423) 587-2506

MURFREESBORO
NISSAN OF MURFREESBORO
(615) 893-0252

NASHVILLE
ACTION NISSAN
(615) 834-8067

NASHVILLE
DOWNTOWN NASHVILLE NISSAN
(615) 248-5110

OAK RIDGE

OAK RIDGE NISSAN
(865) 482-5489
SHELBYVILLE

NEWTON NISSAN SOUTH, INC.
(931) 488-3286

TEXAS

ARLIN
DON DAVIS NISSAN, INC.
(817) 588-5364

AUSTIN
CLAY COOLEY NIS AUSTIN SO
(512) 444-4962

TOWN NORTH NISSAN
(800) 251-7278

BEDFORD
GRUBBS NISSAN
(817) 268-8930
BROWNSVILLE

CHARLIE CLARK NISSAN BRWN
(956) 214-2550

BURLESON
NISSAN OF BURLESON
(817) 484-3540

STREATER SMITH NISSAN
(936) 523-2142

CORINTH
ORR NISSAN OF CORINTH
(940) 270-9026

CORPUS CHRISTI
ED HICKS NISSAN, LTD.
(361) 654-8561

DALLAS
CLAY COOLEY NISSAN
(972) 709-2000

EL PASO
CASANISSAN, INC.
(915) 779-3261

FARMERS BRANC
AUTONATION NISSAN DALLAS
(972) 450-2448

FORT WORTH
NISSAN OF FORT WORTH
(817) 696-4886

GRAPEVIN
TEXAS NISSAN OF GRAPEVINE
(817) 601-3563

HOUSTON
BAKER NISSAN NORTH
(281) 890-0875

CENTRAL HOUSTON NISSAN
(713) 349-6174

MCDAVID NISSAN
(713) 941-0400

MOSSY NISSAN
(281) 589-56309

TOM PEACOCK NISSAN
(281) 230-4367

HUMBLE
ROBBINS NISSAN
(281) 446-3181

IRVING
AUTONATION NISSAN IRVING
(972) 438-4848

KATY
AUTONATION NISSAN KATY
(281) 644-1100

KILLEEN
BATES NISSAN, INC.
(254) 699-7181

LEAGUE CITY
CLEAR LAKE NISSAN
(281) 657-5450

LEWISVILLE
AUTONATION NISSAN LEWISVL
(972) 353-0270

PATTERSON NISSAN/LONGVIEW
(903) 7568-4135

MCALLEN
BERT OGDEN NISSAN
(956) 631-6666

MCKINNEY
NISSAN OF MCKINNEY
(866) 742-0297
MESQUITE

TROPHY NISSAN
(866) 831-2622

RICHARDSON
COURTESY NISSAN
(972) 644-3942

ROUND ROCK
ROUND ROCK NISSAN
(512) 244-8525

SAN ANTONIO
ANCIRA NISSAN INC.
(800) 508-1117

GUNN NISSAN, LTD.
(210) 494-4760

INGRAM PARK NISSAN
(210) 681-6017

STAFFORD

STERLING MCCALL NISSAN
(281) 243-8600
TEXARKANA

PETE MANKINS, INC.
(903) 793-5661

TOMBALL

FRED HAAS NISSAN
(281) 516-6700
UTAH

MURRAY

TIM DAHLE NISSAN
(801) 269-6420

N SALT LAKE CITY
JERRY SEINER NISSAN
(801) 693-7100

OREM
KEN GARFF NISSAN OF OREM
(801) 494-8694

RIVERDAL
KEN GARFF NISSAN RIVERDAL
(801) 627-6762

SALT LAKE CITY
KEN GARFF NISSAN OF SL
(801) 532-1443

SANDY
TIM DAHLE NISSAN OF SANDY
(801) 495-3892

SOUTH BURLINGTON
FREEDOM NISSAN, INC.
(802) 846-0210

VIRQINIA

ALEXA

PASSPORT NIS/ALEXANDRIA
(703) 823-9011

CHANTILLY
NISSAN OF CHANTILLY
(800) 724-9350

CHARLOTTESVILLE
COLONIAL NISSAN
(434) 951-1062

CHESAPEAKE
HALL NISSAN CHESAPEAKE
(757) 673-8003

NISSAN OF CHESAPEAKE, LLC
(757) 436-4900

CHESTER
PRIORITY NISSAN RICHMOND
(804) 518-1888

CHRISTIANSBURG
NEW RIVER NISSAN, INC.
(540) 382-9697

FOREST
LYNCHBURG NISSAN, INC.
(434)385-7733

HAMPTON
POMOCO NISSAN OF HAMPTON
(757) 838-6111

SI-IEEHY NISSAN OF MANASSAS
(703) 361-0

MECHANICSVILLE
SHEEHY NISSAN/MECHANICS
(804) 417-1012

MIDLOTHIAN
PENCE NISSAN
(804) 389-9111

NEWPO
PRIORITY NISS NEWPORT NWS
(757) 369-6600

NORFOLK
NISSAN OF NORFOLK LLC
(757) 284-3433

RICHMOND
NISSAN OF RICHMOND
(804) 346-4200

ROANOKE

FIRST TEAM NISSAN
(540) 362-4800
SPRINGFIELD

SHEEHY NISSAN/SPRINGFIELD
(703) 922-2223

VIENNA
ROSENTHAL NISSAN MAZDA
(703) 749-6500

VIRGINIA BEACH
HALL NISSAN VIRGINIA BCH
(866) 930-7644

WINCHESTER
TRI-STATE NISSAN
(540) 771-3690

WASHINGTON

BELLEVUE
NISSAN OF THE EASTSIDE
(425) 462-9074

EVERET
MAGIC NISSAN OF EVERETT
(425) 347-5763

OLYMPIA
OLYMPIA NISSAN
(888) 713-0195
PUYALL

BILL KORUM S PUYALLUP NIS
(953) 848-4507

RENTON
YOUNKER NISSAN
(425) 251-8107
SPOKANE

WENDLE NISSAN
(509) 343-7471

SPOKANE VALLEY
JAREMKO NISSAN, INC.
(509) 924-6242

TACOMA
TACOMA NISSAN
(263) 579-1200

WEST VIRGINIA
MORGANTOWN

JOHN HOWARD NISSAN
(304) 292-0171

Wi NSIN

APPLETON
BERGSTROM NISSAN/APPLETON
(920) 749-3232

GREEN BAY
GANDRUD NISSAN
(800) 242-2844
GREENFIELD

GORDIE BOUCHER NISSAN
(414) 543-1985

MILWAU
ROSEN NISSAN INC.
(414) 282-6888

RUSS DARROW NISSAN, LLC
(414) 586-305

WAUKI
BOUCHER NISSAN/WAUKESHA
(262) 542-6500



THE RIGHT PART FOR THE JOB

For newer vehicles and for cust s who insist on using parts
engineered for their exact vehacle, it's always recommended

to use the onginal equipment (OE) part. OE parts from Nissan
meet all Federal Motor Viehicle Safety Standards (FMVSES) to

defiver optimal performance for each specific application. But

for customers with older vehicles, or for customers who are vary s
price conscious, an OE part may prove 100 costly. Fortunately, —

there is a high-quality solution

Missan's new high-quality line of brake parts can help retain this
customer base and keep them from migrating to independent repair shops. Nissan Value Advantage brake parts can help increase retention, win

customers back from the independent reparr shops and increase profits at the dealership.

Tight Lateral Runout

Rotor runout should be checked on the vehicle and not the brake lathe, as the rotor may run frue on the lathe, but not the vehicle, A runout of 005"
czn result in pedal pulsation or brake noise, and many compelitive Aftermarket rotors exceed 005", Nissan Value Advantage brake rotors are ready
to install out of the box with no turning required because they have a lateral runout of 004" or less. Excessive runout can cause friction material

transfer after 5,000-7 000 miles, which can adversely affect pulsation

Proper Balance
Exces

balance and minimizes

sive vibration in rotaling rotors can cause unacceptable levels of noise and reduce the life of the rator. 100% validation ensures proper

vibration. Missan Value Advantage brake rotors meet OE requirerments and are mill balanced to 2 inch-ounces. Many

competitive Aftermarket rotors can exceed 5 inch-ounces.

Minimal Thickness Variation

Brake pads must contact the rotor flatly during braking to avoid pedal pulsation. As litthe as 0.0005 inches of thickness variation can result in pedal

pulsation and noise. Nesan Value Advantage brake rofors have a thickness vanation of 0.0004 inches or less. .. helping the rotor turn as true as

possible inside the caliper, resulting in fewer pulsation issues.

P\

VALUE ADVANTAGE™ | ‘wussay




