WAVEFORMS - INJECTOR PATTERN TUTORIAL
Article Text
1993 Volkswagen EuroVan

For Volkswagen Technical Site
Copyright © 1998 Mitchell Repair Information Company, LLC
Saturday, March 18, 2000 10:39PM

ARTICLE BEGINNING

GENERAL | NFORVATI ON
Waveforms - Injector Pattern Tutori al

* PLEASE READ THIS FIRST *

NOTE: This article is intended for general information purposes
only. This information may not apply to all makes and nodel s.

PURPOSE OF THIS ARTICLE

Learning how to interpret injector drive patterns froma Lab
Scope can be like learning ignition patterns all over again. This
article exists to ease you into becomng a skilled injector pattern
interpreter.

You will |earn:

How a DVOM and noid light fall short of a | ab scope.
The two types of injector driver circuits, voltage controlled
& current controll ed.

* The two ways injector circuits can be wired, constant
ground/ swi tched power & constant power/sw tched ground.

* The two different pattern types you can use to di agnose wth,
vol tage & current.

* Al the valuable details injector patterns can reveal.

SCOPE OF THIS ARTICLE

This is NOT a manufacturer specific article. Al different
types of systens are covered here, regardl ess of the specific
year / make/ nodel / engi ne.

The reason for such broad coverage is because there are only
a few basic ways to operate a sol enoid-type injector. By understanding
t he fundanmental principles, you will understand all the major points
of injector patterns you encounter. O course there are m nor
differences in each specific system but that is where a waveform
library hel ps out.

If this is confusing, consider a secondary ignition pattern.
Even though there are many different inplenentations, each still has
a primary voltage turn-on, firing line, spark line, etc.

If specific waveforns are available in On Demand for the

engi ne and vehicle you are working on, you will find themin the
Engi ne Performance section under the Engi ne Performance category.

IS A LAB SCOPE NECESSARY?
INTRODUCTION

You probably have several tools at your disposal to diagnose
injector circuits. But you m ght have questioned "Is a | ab scope
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necessary to do a thorough job, or will a set of noid lights and a
mul tifuncti on DVOM do just as wel | ?"

In the following text, we are going to | ook at what noid
lights and DVOVs do best, do not do very well, and when they can
m sl ead you. As you m ght suspect, the |l ab scope, with its ability to
| ook inside an active circuit, comes to the rescue by answering for
t he deficiencies of these other tools.

OVERVIEW OF NOID LIGHT

The noid light is an excellent "quick and dirty" tool. It can
usual | y be hooked to a fuel injector harness fast and the flashing
light is easy to understand. It is a dependable way to identify a no-
pul se situation.

However, a noid light can be very deceptive in two cases:

* |f the wong one is used for the circuit being tested.
Bewar e: Just because a connector on a noid light fits the
har ness does not nean it is the right one.

* |f an injector driver is weak or a mnor voltage drop is
present.

Use the R ght Noid Light

In the following text we will |ook at what can happen if the
wong noid light is used, why there are different types of noid lights
(besides differences with connectors), howto identify the types of
noid lights, and how to know the right type to use.

First, let's discuss what can happen if the incorrect type of
noid light is used. You mght see:

A dimy flashing light when it should be nornmal.
* A normal flashing light when it should be dim

A noid light will flash dimif used on a | ower voltage
circuit than it was designed for. A normally operating circuit would
appear under powered, which could be msinterpreted as the cause of a
fuel starvation problem

Here are the two circuit types that could cause this problem

* Circuits with external injector resistors. Used predom nately
on sone Asian & European systens, they are used to reduce the
avail able voltage to an injector in order to limt the
current flow This |ower voltage can cause a dimflash on a
noid |ight designed for full voltage.

* Circuits with current controlled injector drivers (e.g. "Peak
and Hol d"). Basically, this type of driver allows a quick
burst of voltage/current to flow and then throttles it back
significantly for the remai nder of the pulse wi dth duration.
If a noid Iight was designed for the other type of driver
(voltage controlled, e.g. "Saturated"), it will appear dim
because it is expecting full voltage/current to flow for the
entire duration of the pul se w dth.
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Let's nove to the other situation where a noid |light flashes
normal Iy when it should be dim This could occur if a nore sensitive
noid light is used on a higher voltage/anperage circuit that was
weakened enough to cause problens (but not outright broken). A circuit
with an actual problemwould thus appear nornmal.

Let's look at why. A noid |light does not conme close to
consum ng as nuch anperage as an injector solenoid. If there is a
partial driver failure or a mnor voltage drop in the injector
circuit, there can be adequate anperage to fully operate the noid
[ight BUT NOT ENOUGH TO OPERATE THE | NJECTOR

If this is not clear, picture a battery with a | ot of
corrosion on the termnals. Say there is enough corrosion that the
starter motor will not operate; it only clicks. Now inmagi ne turning on
the headlights (with the ignition in the RUN position). You find they
light normally and are fully bright. This is the same idea as noid
light: There is a problem but enough amp flow exists to operate the
headl i ghts ("noid light"), but not the starter notor ("injector").

How do you identify and avoid all these situations? By using
the correct type of noid light. This requires that you understandi ng
the types of injector circuits that your noid lights are designed for.
There are three. They are:

* Systenms with a voltage controlled injector driver. Another
way to say it: The noid light is designed for a circuit with
a "high" resistance injector (generally 12 ohns or above).

* Systenms with a current controlled injector driver. Another
way to say it: The noid light is designed for a circuit with
a low resistance injector (generally |less than 12 ohns)
wi t hout an external injector resistor.

* Systenms with a voltage controlled injector driver and an
external injector resistor. Another way of saying it: The
noid light is designed for a circuit with a | ow resistance
injector (generally less than 12 ohns) and an externa
i njector resistor.

NOTE: Sone noid lights can neet both the second and third
categori es sinultaneously.

If you are not sure which type of circuit your noid light is
designed for, plug it into a known good car and check out the results.
If it flashes normally during cranking, determne the circuit type by
finding out injector resistance and if an external injector resistor
is used. You now know enough to identify the type of injector circuit.
Label the noid |light appropriately.

Next time you need to use a noid |Iight for diagnosis,
determ ne what type of injector circuit you are dealing with and
sel ect the appropriate noid |ight.

O course, if you suspect a no-pul se condition you could plug
in any one whose connector fit w thout fear of msdiagnosis. This is
because it is uninportant if the flashing light is dimor bright. It
is only inportant that it flashes.
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In any cases of doubt regarding the use of a noid light, a
| ab scope will overcone all inherent weaknesses.

OVERVIEW OF DVOM

A DVOMis typically used to check injector resistance and
avai l abl e voltage at the injector. Sone techs also use it check
injector on-tine either with a built-in feature or by using the
dwel | /duty function.

There are situations where the DVOM perforns these checks
dependably, and other situations where it can deceive you. It is
i mportant to be aware of these strengths and weaknesses. W wi Il cover
the topics above in the follow ng text.

Checking | njector Resistance
If a short in an injector coil winding is constant, an

ohnmmeter will accurately identify the | ower resistance. The same is
true with an open winding. Unfortunately, an intermttent short is an
exception. A faulty injector with an intermttent short will show

"good" if the ohmmeter cannot force the short to occur during testing.

Al cohol in fuel typically causes an intermttent short,
happeni ng only when the injector coil is hot and | oaded by a current
hi gh enough to junp the air gap between two bare w ndings or to break
down any oxi des that may have fornmed between them

When you neasure resistance with an ohmeter, you are only
applying a small current of a fewmllianps. This is nowhere near
enough to load the coil sufficiently to detect nost problens. As a
result, nost resistance checks identify intermttently shorted
i njectors as being nornmnal.

There are two nethods to get around this limtation. The
first is to purchase an tool that checks injector coil w ndings under
full load. The Kent-More J-39021 is such a tool, though there are
others. The Kent-More costs around $240 at the time of this witing
and works on many different manufacturer's systens.

The second nethod is to use a | ab scope. Renenber, a |l ab
scope allows you to see the regular operation of a circuit in rea
time. If an injector is having an short or intermttent short, the lab
scope will showit.

Checki ng Avail abl e Voltage At the Injector

Verifying a fuel injector has the proper voltage to operate
correctly is good diagnostic technique. Finding an open circuit on the
feed circuit like a broken wire or connector is an accurate check with
a DVOM Unfortunately, finding an intermttent or excessive resistance
problemwith a DVOMis unreliable.

Let's explore this drawback. Renmenber that a voltage drop due
to excessive resistance will only occur when a circuit is operating?
Since the injector circuit is only operating for a few mlliseconds at
atime, a D/OMw Il only see a potential fault for a few mlliseconds.
The remai ning 90+% of the tine the unloaded injector circuit will show
normal battery voltage.

Since DVOVWs update their display roughly two to five tines a
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second, all neasurenents in between are averaged. Because a potenti al
voltage drop is visible for such a small anount of tine, it gets
"averaged out", causing you to mss it.

Only a DVOM that has a "m n-max" function that checks EVERY
M LLI SECOND wi Il catch this fault consistently (if used in that node).
The Fl uke 87 anpbng others has this capability.

A "mn-max" DVOMw th a | ower frequency of checking (100

mllisecond) can mss the fault because it will probably check when
the injector is not on. This is especially true with current
controlled driver circuits. The Fluke 88, anmong others fall into this
cat egory.

Qut side of using a Fluke 87 (or equivalent) in the 1 nS "mn-
max" node, the only way to catch a voltage drop fault is with a |lab

scope. You will be able to see a voltage drop as it happens.

One final note. It is inportant to be aware that an injector
circuit with a solenoid resistor will always show a vol tage drop when
the circuit is energized. This is sonmewhat obvious and normal; it is a

desi gned-in vol tage drop. Wat can be unexpected is what we already
covered--a voltage drop di sappears when the circuit is unloaded. The
unl oaded injector circuit will show normal battery voltage at the
injector. Renmenber this and do not get confused.

Checking Injector On-Time Wth Built-In Function

Several DVOVs have a feature that allows themto neasure
injector on-tinme (nS pulse width). Wiile they are accurate and fast to
hookup, they have three limtations you shoul d be aware of:

* They only work on voltage controlled injector drivers (e.g
"Saturated Switch"), NOT on current controlled injector
drivers (e.g. "Peak & Hold").
* A few unusual conditions can cause inaccurate readings.
* Varying engine speeds can result in inaccurate readings.

Regarding the first limtation, DVOW need a well-defined
injector pulse in order to determ ne when the injector turns ON and
OFF. Voltage controlled drivers provide this because of their sinple
switch-1ike operation. They conpletely close the circuit for the
entire duration of the pulse. This is easy for the DVOMto interpret.

The other type of driver, the current controlled type, start
off well by conpletely closing the circuit (until the injector pintle
opens), but then they throttle back the voltage/current for the
duration of the pul se. The DVOM understands the begi nning of the pul se
but it cannot figure out the throttling action. In other words, it
cannot distinguish the throttling froman open circuit (de-energized)
condi ti on.

Yet current controlled injectors will still yield a
mllisecond on-tine reading on these DVOVs. You will find it is also
al ways the sanme, regardless of the operating conditions. This is
because it is only nmeasuring the initial conpletely-closed circuit on-
time, which always takes the sane amount of tinme (to lift the injector
pintle off its seat). So even though you get a reading, it is useless.

The second Iimtation is that a few erratic conditions can
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cause inaccurate readings. This is because of a DVOM s sl ow displ ay
rate; roughly two to five tines a second. As we covered earlier
measurenments in between di splay updates get averaged. So conditions
i ke skipped injector pulses or intermttent |ong/short injector

pul ses tend to get "averaged out", which will cause you to mss

i mportant details.

The last limtation is that varying engi ne speeds can result
in inaccurate readings. This is caused by the quickly shifting
injector on-tine as the engine |load varies, or the RPM noves froma
state of acceleration to stabilization, or simlar situations. It too
is caused by the averaging of all measurenents in between DVOM di spl ay
periods. You can avoid this by checking on-tinme when there are no RPM
or | oad changes.

A lab scope allows you to overcone each one of these
[imtations.

Checking Injector On-Time Wth Dwell O Duty

If no tool is available to directly neasure injector
mllisecond on-tine nmeasurenent, some techs use a sinple DVOM dwel | or
duty cycle functions as a replacenent.

Wiile this is an approach of last resort, it does provide
benefits. W will discuss the strengths and weaknesses in a nonent,
but first we will ook at how a duty cycle neter and dwell neter work.

How A Duty Cycle Meter and Dwell Meter Work

Al'l readi ngs are obtained by conparing how | ong sonet hi ng has
been OFF to how long it has been ONin a fixed tinme period. A dwell
nmeter and duty cycle nmeter actually cone up with the sane answers
using different scales. You can convert freely between them See
RELATI ONSHI P BETWVEEN DVELL & DUTY CYCLE READI NGS TABLE

The DVOM di spl ay updates roughly one tinme a second, although
some DVOVs can be a little faster or slower. Al measurenents during
this update period are tallied inside the DVOMas ON tinme or OFF tine,
and then the total ratio is displayed as either a percentage (duty
cycle) or degrees (dwell neter).

For example, let's say a DVOM had an update rate of exactly 1
second (1000 mlliseconds). Let's also say that it has been
measuring/tallying an injector circuit that had been ON a total of 250
nS out of the 1000 nS. That is a ratio of one-quarter, which would be
di spl ayed as 25% duty cycle or 15 dwell (six-cylinder scale). Note
that nost duty cycle neters can reverse the readings by selecting the
positive or negative slope to trigger on. If this reading were
reversed, a duty cycle neter would display 75%

Strengths of Dwel|/Duty Meter

The obvi ous strength of a dwell/duty neter is that you can
conpare injector on-tine against a known-good reading. This is the
only practical way to use a dwell/duty nmeter, but requires you to have
known- good val ues to conpare agai nst.

Anot her strength is that you can roughly convert injector nS
on-tine into dwell reading with sone conputations.

A final strength is that because the neter averages
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everything together it does not mss anything (though this is also a
severe weakness that we will look at later). If an injector has a
fault where it occasionally skips a pulse, the neter registers it and
t he readi ng changes accordingly.

Let's go back to figuring out dwell/duty readings by using
injector on-tinme specification. This is not generally practical, but
we will cover it for conpleteness. You NEED to know three things:

Injector nS on-time specification.
Engi ne RPM when specification is valid.
How many tinmes the injectors fire per crankshaft revol ution.

The first two are self-explanatory. The | ast one may require
sonme research into whether it is a bank-fire type that injects every
360g of crankshaft rotation, a bank-fire that injects every 720g, or
an SFI that injects every 720g. Many manufacturers do not release this
data so you may have to figure it out yourself with a frequency neter

Here are the four conplete steps to convert mllisecond on-
time:

1) Determne the injector pulse wdth and RPM it was obtai ned
at. Let's say the specification is for one mllisecond of on-tine at a
hot idle of 600 RPM

2) Determine injector firing method for the conplete 4 stroke
cycle. Let's say this is a 360g bank-fired, meaning an injector fires
each and every crankshaft revol ution.

3) Determ ne how many tinmes the injector will fire at the
speci fied engine speed (600 RPM in a fixed tine period. W will use
100 m|liseconds because it is easy to use.

Si x hundred crankshaft Revolutions Per Mnute (RPM divided
by 60 seconds equals 10 revol utions per second.

Mul tiplying 10 tinmes .100 yields one; the crankshaft turns
one time in 100 mlliseconds. Wth exactly one crankshaft rotation in
100 m|liseconds, we know that the injector fires exactly one tine.

4) Determne the ratio of injector on-tine vs. off-tinme in
the fixed time period, then figure duty cycle and/or dwell. The
injector fires one tinme for a total of one mllisecond in any given
100 mi | lisecond period.

One hundred m nus one equals 99. W have a 99% duty cycle. If
we wanted to know the dwell (on 6 cylinder scale), nmultiple 99%tines
.6; this equals 59.4g dwell.

Weaknesses of Dwel|/Duty Meter

The weaknesses are significant. First, there is no one-to-one
correspondence to actual nf on-tinme. No manufacturer rel eases
dwel | /duty data, and it is time-consumng to convert the nfS on-tine
readi ngs. Besides, there can be a | arge degree of error because the
conversion forces you to assune that the injector(s) are always firing
at the same rate for the sanme period of tinme. This can be a dangerous
assunpti on.

Second, all level of detail is lost in the averagi ng process.
This is the primary weakness. You cannot see the details you need to
make a confident diagnosis.
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Here is one exanple. Imagine a vehicle that has a faulty
injector driver that occasionally skips an injector pulse. Every
ski pped pul se nmeans that that cylinder does not fire, thus unburned Q2
gets pushed into the exhaust and passes the 2 sensor. The Q2 sensor
i ndicates |lean, so the conputer fattens up the m xture to conpensate
for the supposed "l ean" condition.

A connected dwel I /duty nmeter would see the fattened pul se
wi dt h but woul d al so see the skipped pulses. It would tally both and
likely come back with a reading that indicated the "pul se wi dth" was
wi thin specification because the rich m xture and m ssing pul ses
of f set each ot her

This situation is not a far-fetched scenario. Sone early GM
3800 engines were suffering fromexactly this. The point is that a
| ack of detail could cause m sdi agnosis.

As you m ght have guessed, a | ab scope would not mss this.

RELATI ONSHI P BETWEEN DWELL & DUTY CYCLE READI NGS TABLE (1)
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

Dwel I Meter (2) Duty Cycle Meter
7 1%
I 25%
B0 50%
A 75%
B0 . 100%

(1) - These are just sone exanples for your understandi ng.

It is okay to fill in the gaps.
(2) - Dnell neter on the six-cylinder scale.
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

THE TWO TYPES OF INJECTOR DRIVERS

OVERVIEW

There are two types of transistor driver circuits used to
operate electric fuel injectors: voltage controlled and current
controlled. The voltage controlled type is sonetines called a
"saturated switch" driver, while the current controlled type is
soneti mes known as a "peak and hol d" driver.

The basic difference between the two is the total resistance
of the injector circuit. Roughly speaking, if a particular leg in an
injector circuit has total resistance of 12 or nore ohns, a voltage
control driver is used. If less than 12 ohns, a current control driver
i s used.

It is a question of what is going to do the job of limting
the current flowin the injector circuit; the inherent "high"
resistance in the injector circuit, or the transistor driver. Wthout
some formof control, the current flow through the injector would
cause the solenoid coil to overheat and result in a danmaged injector.

VOLTAGE CONTROLLED CIRCUIT ("SATURATED SWITCH")
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The voltage control |l ed driver inside the conputer operates
much like a sinple switch because it does not need to worry about
[imting current flow Recall, this driver typically requires injector
circuits with a total |eg resistance of 12 or nore ohns.

The driver is either ON, closing/conpleting the circuit
(elimnating the voltage-drop), or OFF, opening the circuit (causing a
total voltage drop).

Sone manufacturers call it a "saturated switch" driver. This
i s because when switched ON, the driver allows the magnetic field in
the injector to build to saturation. This is the sane "saturation"
property that you are famliar with for an ignition coil

There are two ways "high" resistance can be built into an
injector circuit tolimt current flow One nethod uses an externa
solenoid resistor and a | ow resi stance injector, while the other uses
a high resistance injector without the solenoid resistor. See the left
side of Fig. 1.

In terns of injection opening tinme, the external resistor
vol tage controlled circuit is somewhat faster than the voltage
controlled high resistance injector circuit. The trend, however, seens
to be noving toward use of this latter type of circuit due to its
| ower cost and reliability. The ECU can conpensate for slower opening
times by increasing injector pulse width accordingly.

NOTE: Never apply battery voltage directly across a | ow resi stance
injector. This will cause injector damage from sol enoid coi
over heati ng.

VOLTAGE-CONTROLLED TYPE CURRENT-CONTROLLED TYPE

( +B 7 +B +B

Solenoid
Resistor Low

- Resistance
Low High Iniector
Resistance Resistance

/ Injector Injector

jec ECU ! E
_—

-
CuU

A: Transistor On

B: Injector Open

ECU

Current {A}

I |
A a 3 :

AN 7

. . A B . A_B A \B 50615053
Fig. 1: Injector Driver Types - Current and Voltage
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CURRENT CONTROLLED CIRCUIT ("PEAK & HOLD")

The current controlled driver inside the conputer is nore
conplex than a voltage controlled driver because as the nane inplies,
it has to limt current flowin addition to its ON-OFF sw tching

function. Recall, this driver typically requires injector circuits
with a total leg resistance of |ess than 12 ohns.
Once the driver is turned ON, it will not limt current flow

until enough time has passed for the injector pintle to open. This
period is preset by the particular manufacturer/system based on the
amount of current flow needed to open their injector. This is
typically between two and six anps. Some manufacturers refer to this
as the "peak"” tine, referring to the fact that current flowis allowed
to "peak"” (to open the injector).

Once the injector pintle is open, the anp flowis
consi derably reduced for the rest of the pulse duration to protect the
injector fromoverheating. This is okay because very little anperage
is needed to hold the injector open, typically in the area of one anp
or less. Some manufacturers refer to this as the "hold" tine, neaning
that just enough current is allowed through the circuit to "hold" the
al ready- open i njector open.

There are a coupl e nethods of reducing the current. The nost
common trins back the avail able voltage for the circuit, simlar to
turning down a light at home with a di nmer.

The ot her nethod invol ves repeatedly cycling the circuit ON
OFF. It does this so fast that the magnetic field never coll apses and
the pintle stays open, but the current is still significantly reduced.
See the right side of Fig. 1 for an illustration.

The advantage to the current controlled driver circuit is the
short time period fromwhen the driver transistor goes ON to when the
injector actually opens. This is a function of the speed with which
current flow reaches its peak due to the low circuit resistance. Al so,
the injector closes faster when the driver turns OFF because of the
| ower hol ding current.

NOTE: Never apply battery voltage directly across a | ow resi stance
injector. This will cause injector damage from sol enoid coi
over heati ng.

THE TWO WAYS INJECTOR CIRCUITS ARE WIRED

Li ke other circuits, injector circuits can be wired in one of
two fundanmental directions. The first nmethod is to steadily power the
injectors and have the conputer driver switch the ground side of the
circuit. Conversely, the injectors can be steadily grounded while the
driver switches the power side of the circuit.

There is no performance benefit to either nethod. Voltage
controlled and current controlled drivers have been successfully
i mpl enent ed both ways.

However, 95% percent of the systens are wired so the driver
controls the ground side of the circuit. Only a handful of systens use
the drivers on the power side of the circuit. Sone exanples of the
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latter are the 1970's Cadillac EFlI system early Jeep 4.0 EFl (Renix
systen), and Chrysler 1984-87 TBI.

INTERPRETING INJECTOR WAVEFORMS
INTERPRETING A VOLTAGE CONTROLLED PATTERN
NOTE: Vol tage controlled drivers are al so known as "Sat urat ed
Switch" drivers. They typically require injector circuits
with a total leg resistance of 12 ohns or nore.

NOTE: This exanple is based on a constant power/sw tched ground
circuit.

* See Fig. 2 for pattern that the followi ng text descri bes.
Point "A" is where systemvoltage is supplied to the

injector. A good hot run voltage is usually 13.5 or nore volts. This
poi nt, commonly known as open circuit voltage, is critical because the

injector will not get sufficient current saturation if there is a
vol tage shortfall. To obtain a good | ook at this precise point, you
will need to shift your Lab Scope to five volts per division.

You will find that some systens have slight voltage
fluctuations here. This can occur if the injector feed wire is also
used to power up other cycling conmponents, like the ignition coil(s).

Slight voltage fluctuations are normal and are no reason for concern.
Maj or voltage fluctuations are a different story, however. Mjor

vol tage shifts on the injector feed line will create injector

per f ormance problens. Look for excessive resistance problens in the
feed circuit if you see big shifts and repair as necessary.

Note that circuits with external injector resistors will not
be any different because the resistor does not affect open circuit
vol t age.

Point "B" is where the driver conpletes the circuit to
ground. This point of the waveform should be a clean square point
strai ght down with no rounded edges. It is during this period that
current saturation of the injector windings is taking place and the
driver is heavily stressed. Wak drivers will distort this vertica
i ne.

Point "C' represents the voltage drop across the injector
wi ndi ngs. Point "C' should conme very close to the ground reference
poi nt, but not quite touch. This is because the driver has a snal
amount of inherent resistance. Any significant offset fromground is
an indication of a resistance problemon the ground circuit that needs
repaired. You mght mss this fault if you do not use the negative
battery post for your Lab Scope hook-up, so it is H GHLY recommended
that you use the battery as your hook-up.

The points between "B" and "D' represent the tinme in
mlliseconds that the injector is being energized or held open. This
line at Point "C' should remain flat. Any distortion or upward bend
i ndi cates a ground problem short problem or a weak driver. Aert
readers will catch that this is exactly opposite of the current



WAVEFORMS - INJECTOR PATTERN TUTORIAL
Article Text (p. 12)
1993 Volkswagen EuroVan

For Volkswagen Technical Site
Copyright © 1998 Mitchell Repair Information Company, LLC
Saturday, March 18, 2000 10:39PM

controlled type drivers (explained in the next section), because they
bend upwards at this point.

How cone the difference? Because of the total circuit
resi stance. Voltage controlled driver circuits have a high resistance
of 12+ ohms that slows the building of the nagnetic field in the
injector. Hence, no counter voltage is built up and the Iine remains
flat.

On the other hand, the current controlled driver circuit has
| ow resistance which allows for a rapid magnetic field build-up. This
causes a slight inductive rise (created by the effects of counter
vol tage) and hence, the upward bend. You should not see that here with
vol tage controlled circuits.

Point "D' represents the electrical condition of the injector
wi ndi ngs. The height of this voltage spike (inductive kick) is
proportional to the nunber of w ndings and the current flow through
them The nore current flow and greater nunber of w ndings, the nore
potential for a greater inductive kick. The opposite is also true. The
| ess current flow or fewer w ndings nmeans |ess inductive kick.
Typically you should see a mininum 35 volts at the top of Point "D'.

If you do see approximately 35 volts, it is because a zener
diode is used with the driver to clanp the voltage. Mke sure the
begi nning top of the spike is squared off, indicating the zener dunped
the remai nder of the spike. If it is not squared, that indicates the
spi ke is not strong enough to nmake the zener fully dunp, neaning the
i njector has a weak w ndi ng.

If a zener diode is not used in the conputer, the spike from
a good injector will be 60 or nore volts.

Point "E" brings us to a very interesting section. As you
can see, the voltage dissipates back to supply value after the peak of
the inductive kick. Notice the slight hunp? This is actually the
mechani cal injector pintle closing. Recall that noving an iron core
t hrough a magnetic field will create a voltage surge. The pintle is
the iron core here.

This pintle hunp at Point "E' should occur near the end of
t he downward sl ope, and not afterwards. If it does occur after the
sl ope has ended and the voltage has stabilized, it is because the
pintle is slightly sticking because of a faulty injector

If you see nore than one hunp it is because of a distorted
pintle or seat. This faulty condition is known as "pintle float".

It is inportant to realize that it takes a good digital
storage oscilloscope or analog | ab scope to see this pintle hunp
clearly. Unfortunately, it cannot always be seen.
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Identifying Voltage Controll ed Type Injector Pattern

INTERPRETING A CURRENT CONTROLLED PATTERN

NOTE:

NOTE:

Current controlled drivers are also known as "Peak and Hol d"
drivers. They typically require injector circuits
with a total leg resistance with I ess than 12 ohm

This exanple is based on a constant power/sw tched ground
circuit.

See Fig. 3 for pattern that the follow ng text describes.

Point "A" is where systemvoltage is supplied to the



WAVEFORMS - INJECTOR PATTERN TUTORIAL
Article Text (p. 14)
1993 Volkswagen EuroVan

For Volkswagen Technical Site
Copyright © 1998 Mitchell Repair Information Company, LLC
Saturday, March 18, 2000 10:39PM

injector. A good hot run voltage is usually 13.5 or nore volts. This
poi nt, commonly known as open circuit voltage, is critical because the

injector will not get sufficient current saturation if there is a
vol tage shortfall. To obtain a good | ook at this precise point, you
will need to shift your Lab Scope to five volts per division.

You will find that some systens have slight voltage
fluctuations here. This could occur if the injector feed wire is al so
used to power up other cycling conmponents, like the ignition coil(s).

Slight voltage fluctuations are normal and are no reason for concern.
Maj or voltage fluctuations are a different story, however. Mjor

vol tage shifts on the injector feed line will create injector

per f ormance problens. Look for excessive resistance problens in the
feed circuit if you see big shifts and repair as necessary.

Point "B" is where the driver conpletes the circuit to
ground. This point of the waveform should be a clean square point
strai ght down with no rounded edges. It is during this period that
current saturation of the injector windings is taking place and the
driver is heavily stressed. Wak drivers will distort this vertica
i ne.

Point "C' represents the voltage drop across the injector
wi ndi ngs. Point "C' should conme very close to the ground reference
poi nt, but not quite touch. This is because the driver has a snal
amount of inherent resistance. Any significant offset fromground is
an indication of a resistance problemon the ground circuit that needs
repaired. You mght mss this fault if you do not use the negative
battery post for your Lab Scope hook-up, so it is H GHLY recommended
that you use the battery as your hook-up.

Right after Point "C', sonmething interesting happens. Notice
the trace starts a normal upward bend. This slight inductive rise is
created by the effects of counter voltage and is normal. This is
because the low circuit resistance allowed a fast build-up of the
magnetic field, which in turn created the counter voltage.

Point "D' is the start of the current limting, also known as
the "Hold" tinme. Before this point, the driver had allowed the current
to free-flow ("Peak") just to get the injector pintle open. By the
time point "D' occurs, the injector pintle has already opened and the
conputer has just significantly throttled the current back. It does
this by only allowing a few volts through to maintain the m ni num
current required to keep the pintle open.

The height of the voltage spi ke seen at the top of Point "D’
represents the electrical condition of the injector w ndings. The
hei ght of this voltage spike (inductive kick) is proportional to the
nunber of w ndings and the current flow through them The nore current
fl ow and greater nunber of w ndings, the nore potential for a greater
i nductive kick. The opposite is also true. The less current flow or
fewer w ndings nmeans | ess inductive kick. Typically you should see a
m ni nrum 35 vol ts.

If you see approximately 35 volts, it is because a zener
diode is used with the driver to clanp the voltage. Mke sure the
begi nning top of the spike is squared off, indicating the zener dunped
the remai nder of the spike. If it is not squared, that indicates the
spi ke is not strong enough to make the zener fully dunp, neaning there
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is a problemw th a weak injector w nding.

If a zener diode is not used in the conputer, the spike from
a good injector will be 60 or nore volts.

At Point "E', notice that the trace is now just a few volts
bel ow system voltage and the injector is in the current Iimting, or
the "Hol d" part of the pattern. This Iine will either remain flat and
stabl e as shown here, or will cycle up and down rapidly. Both are
normal nmethods to Iimt current flow Any distortion may indicate
shorted wi ndi ngs.

Point "F" is the actual turn-off point of the driver (and
injector). To neasure the mllisecond on-tinme of the injector, neasure
between points "C' and "F'. Note that we used cursors to do it for us;
they are nmeasuring a 2.56 nfS on-tine.

The top of Point "F' (second inductive kick) is created by
t he col |l apsing magnetic field caused by the final turn-off of the
driver. This spike should be Iike the spike on top of point "D'.

Point "G shows a slight hunp. This is actually the
mechani cal injector pintle closing. Recall that noving an iron core
t hrough a magnetic field will create a voltage surge. The pintle is
the iron core here.

This pintle hunp at Point "E' should occur near the end of
t he downward sl ope, and not afterwards. If it does occur after the
sl ope has ended and the voltage has stabilized, it is because the
pintle is slightly sticking. Some ol der N ssan TBlI systens suffered
fromthis.

If you see nore than one hunp it is because of a distorted
pintle or seat. This faulty condition is known as "pintle float".

It is inportant to realize that it takes a good digital
storage oscilloscope or analog | ab scope to see this pintle hunp
clearly. Unfortunately, it cannot always be seen.
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Fig. 3: ldentifying Current Controlled Type Injector Pattern

CURRENT WAVEFORM SAMPLES
EXAMPLE #1 - VOLTAGE CONTROLLED DRIVER

The waveform pattern shown in Fig. 4 indicate a nornal
current waveformfroma Ford 3.0L V6 VIN [U engine. This voltage
controlled type circuit pulses the injectors in groups of three
injectors. Injectors No. 1, 3, and 5 are pul sed together and cylinders
2, 4, and 6 are pul sed together. The specification for an acceptabl e
bank resistance is 4.4 ohns. Using Ohm s Law and assumi ng a hot run
voltage of 14 volts, we determ ne that the bank woul d draw a current

of 3.2 anps.
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However this is not the case because as the injector w ndings
becone saturated, counter voltage is created which inpedes the current
flow This, coupled with the inherent resistance of the driver's
transi stor, inpedes the current flow even nore. So, what is a known
good value for a dynam c current draw on a voltage control | ed bank of
i njectors? The waveform pattern shown bel ow i ndi cates a good parall el
injector current flow of 2 anps. See Fig. 4.

Note that if just one injector has a resistance problem and
partially shorts, the entire parallel bank that it belongs to wll
draw nore current. This can danmage the injector driver.

The waveform pattern in Fig. 5 indicates this type of problem
with too nuch current flow This is on other bank of injectors of the
same vehicle; the even side. Notice the Lab Scope is set on a one anp
per division scale. As you can see, the current is at an unacceptable
2.5 anps.

It is easy to find out which individual
Al'l you need to do is inductively clanmp onto each individual injector
and conpare them To obtain a known-good val ue to conpare agai nst, we
used the good bank to capture the waveformin Fig. 6. Notice that it
[imts current flowto 750 m|lianps.

injector is at fault.

The waveform shown in Fig. 7 illustrates the probleminjector
we found. This waveformindicates an unacceptabl e current draw of just
over one anp as conpared to the 750 mllianp draw of the known-good

injector. A subsequent check with a DVOM found 8.2 ohnms, which is
under the 12 ohm specification.
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This tinme we will look at a GM3.1L V6 VIN [T]. Fig. 8 shows
the 1, 3, 5 (odd) injector bank with the current waveform i ndi cating
about a 2.6 anp draw at idle. This pattern, taken froma known good
vehicle, correctly stays at or bel ow the maxi num 2. 6 anps current
range. ldeally, the current for each bank should be very close in
conpari son

Notice the small dinple on the current flow s rising edge.
This is the actual injector opening or what engineers refer to as the
"set point." For good idle quality, the set point should be uniform
bet ween t he banks.

When di scussing Chm's Law as it pertains to this parallel
circuit, consider that each injector has specified resistance of 12.2
ohns. Since all three injectors are in parallel the total resistance
of this parallel circuit drops to 4.1 ohns. Fourteen volts divided by
four ohns would pull a maxi mum of 3.4 anps on this bank of injectors.
However, as we di scussed in EXAMPLE #1 above, other factors knock this
val ue down to roughly the 2.6 anp nei ghbor hood.

Now we are going to take a | ook at the even bank of
injectors; injectors 2, 4, and 6. See Fig. 9. Notice this bank peaked
at 1.7 anps at idle as conpared to the 2.6 anps peak of the odd bank (
Fig. 8). Current flow between even and odd injectors banks is not
uniform yet it is not causing a driveability problem That is because
it is still under the maxi num anperage we figured out earlier. But be
aware this vehicle could develop a problemif the anperage flow
i ncreases any nore.

Checking the resistance of this even injector group with a
DVOM yi el ded 6.2 ohns, while the odd injector group in the previous
exanpl e read 4.1 ohns.
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Fig. 8 Injector Odd Bank w Normal Current Flow - Current Pattern
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EXAMPLE #3 - VOLTAGE CONTROLLED DRIVER

Exanple #3 is of a Ford 5.0L V8 SEFI
wavef orm of an i i

Fig. 10 shows a
individual injector at idle with the Lab Scope set on
200 mllianps per division i

. Notice the dinple in the rising edge. This
di npl e indicates the actual opening of the injector (set point)
occurred at 400 mllianps and current peaked at 750 mllianps
a good specification for this engine.

The next waveform pattern in Fig
wi th anot her injector.
di vi si on,

This is
11 shows an abnormality
Wth the Lab Scope set on 500 m |l ianps per
you can see that the current waveformindicates a 1200
mllianp draw. This is a faulty injector
Abnormal Iy | ow resistance injectors create excessive current
draw, causing rough idle, and possible conmputer driver damage
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Fig. 10: Single Injector w Normnal

Current Flow Current Pattern
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Fig. 11: Single Injector w Excessive Current Flow - Current Pattern

EXAMPLE #4 - CURRENT CONTROLLED DRIVER

Exanple #4 is of a Ford 4.6L SEFl VIN[W. See Fig. 12 for
t he known- good waveform pattern. This Ford systemis different from
t he one above in EXAMPLE #3 as it peaks at 900 millianps and the
actual opening of the injector (set point) is just bel ow 600
mllianps.

This is offered as a conparison against the Ford pattern
i sted above, as they are both Ford SEFI injectors but with different
operating ranges. The point is that you should not nake any broad
assunptions for any manufacturer.
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Fig. 12: Single Injector w Normal Current Flow - Current Pattern

EXAMPLE #5 - CURRENT CONTROLLED DRIVER
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The known- good waveformin Fig
PFI VIN [3]. [

13 is froma Chrysler 3.0L V6
It is a perfect exanple of the peak and hold theory. The
wavef orm shows a 1-anp per division current flow, ranping to 4 anps
and then decreasing to 1-anp to hold the injector open

YOLTS.DIW 1.8 W

-f~'~-.~rn.--u N . s L L SR _-'r.--‘-‘-b-»-.v.r.- M A B ..pwu:v.w;v.-.'.,y.. st
GRID CURSHES WOLTE RAMNGE WETEFTEN S
D HEGTE ] ON IS | TIME BASE ' POSITION SELECT
. 95H23868
Fig. 13: Injector Bank w Normal Current Flow -

Current Pat tern
EXAMPLE #6 - CURRENT CONTROLLED DRIVER
[F]. See Fig.

Thi s next known-good waveformis froma Ford 5.0L V8 CFI
14. The pattern, i

. VI N
which is set on a 250 mllianps scale
indicates a 1.25 anp peak draw and a hold at 350 m | lianps

o
= el = |
TIME-DIY S88 us i |
: 1200 mA
S o
S
A a{
o ';f
- Co
: .Em,..u'"‘“r' lla
S S " :
44 ' : PR
L R M TR ERNGE ETE R
ML OF EbGIA | TIME BASE PESTTIRN | sEEen
. 95123869 .
Fig. 14: Single Injector w Normal Current Flow - Current Patter
EXAMPLE #7 - CURRENT CONTROLLED DRIVER

The known-good current controlled type waveformin Fig
froma GM2.0L TBI VIN[1]. W
di vi si on, i

[ ig. 151is
Wth the | ab scope set at 2 anps per
notice that this system peaks at 4 anps and holds at 1 anp
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The next waveformis fromthe same type of engine, except
that it shows a faulty injector. See Fig. 16. Notice that the current
went to alnost 5 anps and stayed at 1 anp during the hold pattern
Excessive anounts of current flow frombad injectors are a conmnon
source of intermttent conputer shutdown. Using a current waveform
pattern is the nbst accurate nmethod of pinpointing this problem
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Fig. 15 Single Injector w Normal Current Flow - Current Pattern
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Fig. 16: Single Injector w Excessive Current Flow - Current Pattern
EXAMPLE #8 - CURRENT CONTROLLED DRIVER

Thi s known- good CPI

system waveformfroma GV 4. 3L V6 CPI
[W peaks at 4 anps and holds at 1-anmp. See Fig

VI N
17 for waveform



WAVEFORMS - INJECTOR PATTERN TUTORIAL
Article Text (p. 24)
1993 Volkswagen EuroVan

For Volkswagen Technical Site
Copyright © 1998 Mitchell Repair Information Company, LLC
Saturday, March 18, 2000 10:39PM

L FE S O R E

: Red Fy N B F 000 B
TEIG SLORE + WEVEFORM  SIMGLE
fol‘jf L LIT!L = L; 11 L TRIG SOURCE TR
SUG COURL ING SI6G O ITMYMERT or [EEEE
TERDSEHN Bl 1 AMP
Il L aky LAl
. e
,v""‘.; i
- 0y ot Ty .
1 ;
A .
CURI GRS WOLTE ROMHGE ] W E R ! e A TR GLER
O -G TIME E:r-“sE-’Eg | BOE T IoN ! HELECT g E EWE L
. . 95B23870 .
Fig. 17: Single Injector w Nornal
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5

VOLTAGE WAVEFORM SAMPLES

EXAMPLE #1 - VOLTAGE CONTROLLED DRIVER

These two known- good waveform patterns are froma Ford 4. 6L
V8 VIN[W. Fig. 18 illustrates the 64 volt inductive kick on this
engi ne, indicating no clanping is occurring. The second pattern,
Fig. 19, was taken during hot idle, closed |oop, and no | oad.
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Fig. 18 Injector Bank - Known Good - Voltage Pattern
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Fig. 19: Injector Bank - Known Good - Voltage Pattern
EXAMPLE #2 - VOLTAGE CONTROLLED DRIVER

The known- good waveform pattern in Fig. 20 is

froma GM 3. 8L

V6 PFI VIN[3]. It was taken during hot idle, closed | oop and no | oad.

: 3.26ms
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Fig. 20: Injector Bank - Known Good - Voltage Pattern

EXAMPLE #3 - VOLTAGE CONTROLLED DRIVER

Thi s known-good waveform pattern, Fig. 21, is froma GV 5.0L
V8 TPI VIN[F]. It was taken during hot idle, closed | oop and no | oad.
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Fig. 21: Injector Bank - Known Good - Voltage Pattern

EXAMPLE #4 - CURRENT CONTROLLED DRIVER

From 1984 to 1987, Chrysler used this type injector drive on
their TBI-equi pped engines. See Fig. 22 for a known-good pattern.
Instead of the ground side controlling the injector, Chrysler
permanently grounds out the injector and switches the power feed side.

Most systens do not work this way.
These injectors peak at 6 anps of current flow and hold at 1

anp.
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Fig. 22: Single Injector - Known Good - Voltage Pattern

EXAMPLE #5 - CURRENT CONTROLLED DRIVER

These two known- good waveform patterns are froma Chrysler 3.
OL V6 VIN[3]. The first waveform Fig. 23, is a dual trace pattern
that illustrates how Chrysler uses the rising edge of the engine speed
signal to trigger the injectors. The second waveform Fig. 24, was
taken during hot idle, closed |oop, and no | oad.
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Fig. 24: Injector Bank - Known Good - Voltage Pattern

EXAMPLE #6 - CURRENT CONTROLLED DRIVER

Thi s known-good pattern froma Ford 3.0L V6 PFI VIN [ U]
illustrates that a zener diode inside the conmputer is used to clanp
the injector's inductive kick to 35-volts on this system See Fig. 25.
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Fig. 25: Injector Bank - Known Good - Voltage Pattern

EXAMPLE #7 - CURRENT CONTROLLED DRIVER

Thi s known-good waveform froma Ford 5.0L V8 CFI VIN [F] was
taken during hot idle, closed |oop, and no |oad. See Fig. 26.
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Fig. 26: Si ngl'ae I njector - Known CGood - Voltage Pattern

EXAMPLE #8 - CURRENT CONTROLLED DRIVER

These two known- good waveform patterns are froma GM 2.0L In-
Line 4 VIN[1]. Fig. 27 illustrates the 78 volt inductive spike that
i ndi cates a zener diode is not used. The second waveform Fig. 28, was
taken during hot idle, closed |oop, and no | oad.
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