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June lst - 4th their vehicle. There
are  high-tech on-
Wiring Diagram Analysis | board navigational
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Jorge Menchu just that, but the MAP
sensor plays no role in such a system.

Summer Break It’s an engine sensor that provides directions of a different sort.
The MAP sensor’s job is to keep the computerized engine con-
trol system informed about engine load so the fuel mixture,
spark timing and other emission functions can be adjusted to
suit changing operating conditions. It’s an essential job that re-
quires accurate calibration and trouble-free operation for good
engine performance and driveability. So here are some direc-
tions of our own about MAP sensors along with diagnostic pro-
cedures you can use to troubleshoot this crucial sensor.
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Airbags
David Decourcey Follow These Directions To Find MAP Problems:
MAP stands for “Manifold Absolute Pressure”, which is the
pressure inside the engine’s intake manifold. Pressure is low
when intake vacuum is high (as at idle), and pressure is high
when vacuum is low (as at wide-open throttle). It’s called an
Editor “absolute” pressure reading because it depends solely on pres-
sure inside the manifold, though some types of MAP sensors
Jerry “G” Truglia are actually “differential” pressure sensors that measure the dif-
ference between intake vacuum and atmospheric (barometric)
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pressure. (Con’t on page 3)
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What is TST?
IST is a group of dedicated technicians and instructors committed to
the continuing education of our fellow technicians. We provide once a
month training seminars to technicians at a reasonable price. TST
brings our members nationally known instructors and state of the art
training.
Our Goal & Mission Statement
e Keep our fellow technicians up to date with the latest technology.
e Provide training seminars for a reasonable price.
e Deliver information that the technician can use now.
e Keep technicians informed of information affecting our industry.
e Increase consumer awareness of what a good technician is.

Why join TST?

TST membership includes special pricing on once a month week-
day night seminars and the occasional full Saturday seminar. With a
$75.00 yearly membership, the monthly seminars are only $65.00.
TST classes are NOT sales or product seminars. The instructors
that TST brings in are all “hands-on” industry experts with up to date,
cutting edge knowledge that you can use in your shop the next day.
That’s 65 dollars for a seminar in which you are able to learn some-
thing useful, for fixing those tough jobs that we all see on a regular ba-
sis. Our instructors are masters at making the complex understand-
able. Membership also includes a Monthly Newsletter full of real
world technical articles, diagnostic case studies, and solutions to the
kinds of problems you see in your bays each week.

The following are some of TST’s regular instructors:

Bernie Thompson of ATS www.ATSnm.com

John Thornton formerly of Team AVI

Wayne Colonna of ATSG www.ATSGmiami.com

Jorge Menchu the “Labscope Guru,” owner of AES
www.aeswave.com/aboutaes.htm

John Anello Auto Tech On Wheels www.autotechonwheels.com
Luis Ruiz Mechanic’s Education Association
www.meatraining.com

Jerry “G” Truglia National Instructor & owner of A.T.T.S. Inc.
www.attstraining.com
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Helpful Directions for MAP Sensors (con’t from p. 1)

A MAP sensor reads engine vacuum through a hose connected to the intake manifold. A
pressure sensitive ceramic or silicon element and electronic circuit inside the sensor gener-
ates a voltage signal that changes with intake vacuum. The sensor itself may be located in
the engine compartment or under the dashboard. Most MAP sensors have three terminals: a
ground terminal, a voltage reference (VRef ) supply terminal (typically 5 volts, which is
provided by the computer), and an output terminal for sending data back to the computer.

As engine load changes, so does the MAP sensor’s output. The sensor’s output voltage will
vary depending on the application, but a typical GM sensor reading might be 1.25 volts at
idle and just under 5 volts at wide-open throttle. Voltage reads low when vacuum is high,
and increases as vacuum drops. Output generally changes about 0.7 to 1.0 volts for

every 5 inches of change in vacuum. Ford MAP sensors work somewhat differently in that
they produce a digital frequency signal rather than an analog D.C. voltage signal. These
sensors output a square wave signal that increases in frequency as vacuum drops. A typical
reading at idle might be 95 Hertz (Hz or cycles per second) when vacuum is high, and 150
Hz at wide-open throttle when vacuum is low.

The MAP sensor’s signal is used by the powertrain control module (PCM) to adjust the air/
fuel mixture and spark timing. Under low load, high-vacuum conditions, the PCM typically
leans the air/fuel mixture and advances spark timing for better fuel economy. Under high-
load low-vacuum conditions, the PCM richens the air/fuel mixture for more power and re-
tards spark timing to prevent detonation (spark knock). These control functions are pro-
grammed into the computer and require accurate sensor inputs. So if the MAP sensor is de-
fective or out of calibration, driveability and performance problems can occur.

Engines with a “speed-density” type of electronic fuel injection system (no airflow sensor)
are especially dependent on the MAP sensor’s signal because the PCM uses it along with
engine rpm, throttle-position and ambient air temperature to calculate air flow. Engines that
do not have a MAP sensor estimate engine load using input from the airflow and throttle-
position sensors.

Driveability symptoms that can be caused by a bad MAP sensor, grounds or opens in the
sensor’s wiring circuit, vacuum leaks in the sensor hose or intake manifold include hard
starting, hesitation, engine misfires, stalling, rough or erratic idle, pinging, black exhaust
smoke (rich fuel condition resulting in high hydrocarbon emissions), poor fuel economy
and generally poor engine performance.

MAP SENSOR CHECKS:

There are numerous ways to check a MAP sensor, including using a scan tool to check for
MAP DTCs, observing the sensor’s output as a waveform on a scope, and/or comparing the
sensor’s output voltage or frequency (Ford) to specs in a manual. (Con’t on page 4)
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Helpful Directions for MAP Sensors (con’t from p. 3)

But here are two relatively simple procedures that can quickly tell you whether or not
a MAP sensor is responding to changes in intake vacuum. You can test General Mo-
tors and Chrysler MAP sensors on the vehicle using a digital voltmeter (DVOM) and
two jumper wires:

MAP SENSOR ~__

) —— VACUUM HOSE

VOLTMETER
MAP SENSOR /

ELECTRICAL
CONNECTION

= TO ENGINE GROUND

1. Disconnect the MAP sensor’s electrical connector.

2. Connect one jumper wire between the connector and the MAP’s terminal “A”.

3. Connect another jumper wire from the connector to terminal “C”.

4. Connect the positive lead on the DVOM to terminal “B” (the sensor‘s output termi-
nal) and the negative DVOM test lead to a good engine ground.

5. Turn the ignition key ON and observe the voltage. If the reading falls in the voltage
range of 4 to 5 volts (2 to 3 volts for turbocharged engines) at sea level, the sensor is
functioning properly at this point..

6. Be sure the vacuum hose between the MAP sensor and engine is in good condition
and does not leak. Then start the engine and let it idle.

An 1dling engine will produce a large amount of intake vacuum, which should pull
the MAP sensor’s voltage down to a low reading of 1 to 2 volts (note: readings will
vary with altitude). (Con’t on page 6)
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Helpful Directions for MAP Sensors (con’t from p. 4)

You can also do this test with the key on, engine off by applying
vacuum to the MAP sensor’s hose with a hand-held vacuum
pump. But do NOT apply more than 20 inches of vacuum
(excessive vacuum may damage the sensor).

This test verifies that the MAP sensor is responding to changes in
engine vacuum. If the reading does not change, it means the sen-
sor 1s faulty or the vacuum hose is plugged or leaking.

On Ford applications, a multimeter that can read frequency is nor-
mally required to check the sensor’s output. But you can also use
an ordinary tachometer because a tach can display a frequency
signal. Here’s the procedure:

1. Set the tachometer to the four-cylinder scale (regardless of how
many cylinders the engine has).

2. Connect one tachometer lead to the middle terminal on the
MAP sensor and the other tachometer test lead to ground.

VACUUM HOSE

JUMPER WIRES MAP SENSOR

4 J ||
\ '
] \
MAP SENSOR TACHOMETER
ELECTRICAL
CONNECTION TO ENGINE GROUND

3. Connect the two jumper cables the same as before, attaching
each end terminal on the sensor to its respective wire in the wiring
connector.

(Con’t on page 7)
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Helpful Directions for MAP Sensors (con’t from page 6)

4. If you want to measure engine vacuum so you can correlate it to a specific frequency
reading, connect a vacuum gauge to a source of manifold vacuum on the engine, or tee
the gauge into the MAP sensor hose.

5. Turn the ignition ON and note the initial reading. The reading on the tachometer
should be about 454 to 464 at sea level, which corresponds to a frequency output of 152
to 155 Hz.

6. Start the engine and check the reading again. If the MAP sensor is functioning
properly, the reading should drop to about 290 to 330 on the tachometer, which
corresponds to a frequency output of about 93 to 98 Hz. No change would indicate a
defective sensor or leaky or plugged vacuum hose.

- o
Article courtesy of v' k II II @

Getting the Flow of MAF Sensors

Mass Air Flow (MAF) sensors are used on some General Motors, Ford and import
multiport fuel-injected engines to measure the volume of air entering the engine.

This 1s necessary for the engine’s computer to calculate and maintain the proper air/fuel
ratio for optimum performance and emissions. Other engines with “speed-density” fuel
injection systems do not have a MAF sensor and use inputs from the throttle position
sensor (TPS), manifold absolute pressure (MAP) sensor, incoming air temperature (IAT)
sensor and engine rpm to estimate air flow.

The MAF sensor is located in the air duct between the air cleaner and throttle body. Here,
it can measure all the air that is being drawn into ELECTRONIC CIRCUITRY

the engine and react almost instantly to changes 5
in throttle position and engine load. FLECTRONC MODULE

WIRE & FILM

There are two basic varieties of MAF sensors:
hot-wire and hot-film. Unlike vane air flow
(VAF) sensors that have a mechanical spring-=S
loaded flap to measure air flow, MAF sensors
have no moving parts. Instead, they use a heated
sensing element to measure air flow.

SENSING ELEMENT

SAMPLE TUBE

QL \d INCOMING AIR
= ) TEMPERATURE

FLOW TUBE METAL FOIL SENSING ELEMENT
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Ques-
tions:

1. Do you
want semi-
nars to
continue in
your area?

2. Do you
find the
seminars
useful?

Please ask
a fellow
technician
to come
and check-
out our
seminars
S0 we can
continue to
bring you
the best
available
informa-
tion each
month.

We need
your
support:

Thank you,
G Truglia
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Getting the Flow of MAF Sensors (con’t from page 7)

In a hot-wire MAF, a platinum wire is heated 212 degrees F above the incoming
air temperature. In a hot-film MAF, a foil grid is heated 167 degrees F above
ambient air temperature. As air flows past the sensing element, it has a cooling
effect. This increases the current
needed to keep the sensing element at
a constant temperature. The cooling
effect varies directly with the tempera-
ture, density and humidity of the in-
coming air, so the current change is
proportional to the air “mass” entering
the engine.

The output signal produced by the
MAF sensor varies according to the
application. The hot-wire Bosch MAF
sensors, which are found on some im-
port cars with LH-Jetronic fuel injection dating back to 1979 as well as 1985-89
GM 5.0L and 5.7L Tuned Port Injection (TPI) engines, generate an analog volt-
age signal that varies from 0 to 5 volts. Output at idle is usually 0.4 to 0.8 volts
increasing up to 4.5 to 5.0 volts at wide-open throttle.

The hot-film MAFs, which AC Rochester introduced in 1984 on the Buick
turbo 3.8L V6 and were also used on Chevrolet 2.8L engines and GM 3.0L and
3.8L V6 engines, produce a square-wave variable frequency output. The fre-
quency range varies from 32 to 150 Hz, with 32 Hz being average for idle and
150 Hz for wide-open throttle. In 1990, GM switched most of its engines back
to speed-density fuel injection systems, except for the Buick 3.3L and 3.8L
which changed to a Hitachi MAF sensor.

Another difference between the hot-wire and hot-film sensors is that the Bosch
hot-wire units have a self-cleaning cycle where the platinum wire is heated to
1,000 degrees C (1,832 F) for one second after the engine is shut down. The
momentary surge in current is controlled by the onboard computer through a
relay to burn off contaminants that might otherwise foul the wire and interfere
with the sensor’s ability to read incoming air mass accurately.

DIAGNOSIS
An engine with a bad MAF sensor may be hard to start or stall after starting. It
may hesitate under load, surge, idle rough or run excessively rich or lean. The
engine may also hiccup when the throttle suddenly changes position.

(Con’t on page 9)
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Getting the Flow of MAF Sensors (con’t from page 8)

If you suspect a MAF sensor problem, scan for any fault codes. A MAF problem
should (but does not always) set a fault code. Codes that may indicate a problem
with the sensor include:

GM: Code 33 (too high frequency) and Code 34 (too low frequency) on engines
with multiport fuel injection only, and Code 36 on 5.0L and 5.7L engines that use
the Bosch hot-wire MAF, if the burn-off cycle after shut-down fails to occur.

Ford: Code 26 (MAF out of range), Code 56 (MAF output too high), Code 66
(MAF output too low), and Code 76 (no MAF change during “goose” test).

Of course, don’t overlook the basics, such as low engine compression, low vac-
uum, low fuel pressure, leaky or dirty injectors, ignition misfire, excessive back-
pressure (plugged converter), etc., since problems

in any of these areas can produce similar driveability symptoms.

TESTING

MAF sensors can be tested either on or off the vehicle in a variety of ways.

You can use a MAF Sensor Tester and tachometer to check the sensor’s response.
If testing on the vehicle, unplug the wiring harness connector from the sensor and
connect the tester and tachometer. Start the engine and watch the readings. They
should change as the throttle
is opened and closed. No
change would indicate a bad
sensor. The same hookup can
be used to test the MAF sen- |
sor off the vehicle. When you |
blow through the sensor, the
readings should change if the
sensor is detecting the change

in air flow. -

TACHOMETER
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MASS AIR
FLOW SENSOR
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Another check is to read the
sensor’s voltage or frequency
output on the vehicle. With
Bosch hot-wire MAF sensors,
the output voltage can be read directly with a digital voltmeter by backprobing the
brown-and white output wire to terminal B6 on the PCM. The voltage reading
should be around 2.5 volts. If out of range, or if the sensor’s voltage output fails to
increase when the throttle is opened with the engine running, the sensor may be
defective. Check the orange and black feed wire for 12 volts, and the black wire
for a good ground.

S
1

(=

|

MASS AIR FLOW
SENSOR TESTER

Power to the MAF sensor is provided through a pair of relays (one for power, one
for the burn-off cleaning cycle), so check the relays too, if the MAF sensor appears
to be dead or sluggish. If the sensor works but is slow to respond to changes in air
flow, the problem may be a contaminated sensing element caused by a failure in

the self-cleaning circuit or relay. (Con’t on page 10)
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Getting the Flow of MAF Sensors (con’t from page 9)

With GM Delco MAF sensors, attach a digital voltmeter to the appropriate MAF sensor output terminal. With
the engine idling, the sensor should output a steady 2.5 volts. Tap lightly on the sensor and note the meter
reading. A good sensor should show no change. If the meter reading jumps and/or the engine momentarily
misfires, the sensor is bad and needs to be replaced. You can also check for heat-related problems by heating
the sensor with a hair dryer and repeating the test.

This same test can also be done using a meter that reads frequency. The older AC Delco MAF sensors (like a
2.8L V6) should show a steady reading of 32 Hz at idle to about 75 Hz at 3,500 rpm. The later model units (like
those on a 3800 V6 with the Hitachi MAF sensor) should read about 2.9 kHz at idle and 5.0 kHz at 3,500 rpm.
If tapping on the MAF sensor produces a sudden change in the frequency signal, it’s time for a new sensor.

On GM hot-film MAFs, you can also use a scan tool to read the sensor’s output in “grams per second” (gps),
which corresponds to frequency. The reading should go from 4 to 8 gps at idle up to 100 to 240 gps at wide-
open throttle.

Like throttle position sensors, there should be smooth linear transition in sensor output as engine speed and load
change. If the readings jump all over the place, the computer won’t be able to deliver the right air/fuel mixture
and driveability and emissions will suffer. So you should also check the sensor’s output at various speeds to see

that its output changes appropriately. ; THIS PORTION EXPANDS AS
e AIR FLOW INCREASES

Another way to observe the sensor’s output is
to look at its waveform on a scope. The
waveform should be square and show a
gradual increase in frequency as engine speed
and load increase. Any skips or sudden jumps
or excessive noise in the pattern would tell you
the sensor needs to be replaced.

GREEN LEAD == BROWN WIRE

Yet another way to check the MAF sensor is to
see what effect it has on injector timing. Using
an oscilloscope or multimeter that reads
milliseconds, connect the test probe to any
injector ground terminal (one injector terminal

Sy
= BLflI:K WIRE ™= :{

e S

3 {
: —
| ORANGE WIRE _- —
e e ——
Jr RD LEAD > ﬁ '
.
| |

MASS AIR

is the supply voltage and the other is the FLOW
ground circuit to the computer that controls

SENSOR

injector timing). Then look at the duration of
the injector pulses at idle (or while cranking .
the ‘engme.lf the engine won’t start).‘ Injgctor o — ‘FJ
timing varies depending on the application, but L T

if the mass air flow sensor is not producing a p—

signal, injector timing will be about four times ADAPTER

longer than normal (possibly making the fuel mixture too rich to start). You can also use millisecond readings to
confirm fuel enrichment when the throttle is opened during acceleration, fuel leaning during light load cruising
and injector shut-down during deceleration. Under light load cruise, for example, you should see about 2.5 to

2.8 Ms duration.
Article courtesy o
v of =1 1 "L
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ATSG Hotline
800-245-7722

Calling >>>
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wide count on the experienced staff and resources at ATSG to help them « 10 knowledaeable technicians

get the job done right and on time. All of ATSG’s certified technicians : g : :
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value of your subscription fee.

So, stop turning away transmission repair work! ATSG is here to help —

you solve all your automatic transmission repair problems.

Call us today at (800) 245-7722 ATSI

or visit us online at AUTOMATIC TRANSMISSION SERVICE GROUP

www.atsg.biz
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GOT GUIDES:

MOTOR ASE Study Guides:
Preventative Maintenance
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for ASE Testing o e

You wouldn't skip it on your vehicle - don't skip it for your certification.

Order Your Study Guides Today!

C1 Automobile
Service Consultant

Available individually or as a set* for the eight basic automotive technician ASE certifications:
Al - A8, L1 Advanced Engine Performance Specialist and C1 Automotive Service Consultant.
Each guide contains self-study material along with test questions at the end of each chapter,

sample test with answers & glossary of terms.
12 g Ll

* C1 Automobile Service Consultant Not Included in Set, Sold Separately

* Al Engine Repair * A6 Electrical and Electronic Systems

* A2 Automatic Transmissions and Transaxles * A7 Heating and Air Conditioning

* A3 Manual Drivetrains and Axles ¢ A8 Engine Performance

* A4 Suspension and Steering ¢ C1 Automobile Service Consultant

* A5 Brakes (Also available in Spanish) ¢ L1 Advanced Engine Performance Specialist

MOTOR [5

INFORMATION SYSTEMS

ORDER FORM

Qty  Product List Price TOTAL
__ ASEStudy Guide Set (A1-A8) $120.00 5
_ ASE Advanced Study Guide Set (A1-A8 &L1) $140.00 5

TST MEMBERS PRICES:

ASE Study Guide Set (A1-A8), $85
ASE Study Guide Advanced Set (A1-AS8, L1), $100
Get them at TSTseminars.org or call (845) 628-6928
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Double-insulated 12pc Tool
Set $367.85

AES# CM-ITS-12B-AES

Tested to 10,000 VAC and
rated for 1,000 VAC. Pro-
of protection. Custom kits
available!

HV Glove Kit (Class 0) AES#
Glove Kit $89.95

Sizes 8-12

The first line of protection
for you.

Fluke 1587 Insulation Mul-
timeter $499.00

AES# F-1587

e CAT III 1000V

 CAT IV 600V

e Insulation test voltages
50v, 100v, 250v, 500V,
1000V

e Insulation test:
ohm to 2.0 meg ohm
e Auto discharge of capaci-
tive voltage

e Insulation test smooth-
ing

0.01 meg

L
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ey Seminars
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Support s
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vides you with an extra level

www. AESWAVE.,com

877 351-9573 Ask for Carlos or Mario for
a TST Discount of 5 % on all orders

Fluke i400 AC Current Clamp
$94.00

AES# F-1400

Single range 400 A ac current
clamp compatible with mul-
timeters.

Fluke SureGrip™ Stray
Voltage Adapter Test
Lead Kit $69.00

AES# F-TL225
Eliminates stray volt-
ages'!

Hybrid and Alternative Fuel
Vehicles $89.00

AES# PH-20

By James Halderman

Covers Batteries and Battery
Service, Motors, Generators,
Controls, Regenerative Brak-
ing, First Responder and
Safety Procedures, Hybrid
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