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Why a Reluctor and Why HEI ?

The HEI (High Energy Ignition) is the General motors name for the system, Lucas called
it CEl (Constant Energy Ignition) and both names are equally apt. A reluctor style
distributor by its nature is superior to all other types of distributor sensor. Combined with
the HEI system the spark energy is unbeatable. Perhaps bold statements, but these
remarks are supported in the following text and in the spark energy recordings below.

Non-reluctor style distributors, which include magnet and Hall sensor types, contact

breaker types and optical types certainly
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angleof t he di s thyéesbentially pravisingsaram-bft switching signal as the

shaft rotates, however they do not contain useful amplitude information. The reluctor,

on the other hand, being a type of AC generator, not only contains the timing

information to detectthe distri but or 6 s s haft aanglitudeinforntatiom | s o c o |
because the peak to peak output voltage is pr

The amplitude information from the reluctor i
ignition circuitry to control (lengthen) the dwell time so that maximum spark energy can
be attained in the high RPM ranges. But that is not all that the HEI module does. The
HEI module electronically limits the peak coil current to around 6 Amps, and at the
same ti me t htedcuwrentid uSesl todhorter tbhe dwell time. The net result is
that lower primary resistance ignition coils can be used, in the range of 0.6 to 1.5
Ohms. Such coils produce up to and over twice as much spark energy per spark
compared to the conventional 3 Ohm primary ignition coil. There are a number of
reasons for this described below, but one is that the low primary DC resistance coils
also have lower secondary resistances and there is less energy lost in the spark
delivery process (resistance, by its nature, dissipates energy or wastes it as heat).

Not only that, the ignition coil runs cooler at low RPMs in the HEI system compared to a
conventional system due to the reduced dwell time in current limit mode. On top of that,
if the ignition switch is inadvertently left on and there is no distributor rotation, the HEI
unit does not power the ignition coil. In addition there is another excellent feature. The
HEI system can still produced good spark energy at low battery voltages during
cranking, because the voltage required to establish a satisfactory primary coil current is
lower with the lower resistance coils compared to a standard 3 Ohm coil.

So the use of the reluctor pick up coil, along with the electronics of the HEI system

(which is contained within a very economical module, the D1906 made by Delco)

creates a system of an unbeatable spark energy level across the full rpm range and is

also efficient in the low RPM range where the standard system (electronically assisted

or not) generates a lot of unnecessary coil heating. This is because the coil current

remains at the maximum (saturated value) in the standard system for long dwell periods

inthelow RPMrangesand this simply wastes energy as he
the spark energy.

For example, most fdistributor insertsoor electronic modules designed to replace
contact breakers with rotating magnets and a Hall device within the insert or pickup
module, despite claims by some manufacturers, do not increase the system spark
energy one iota. The reason for this is that they must use the standard ignition coil of 3
Ohms, or a 1.5 Ohm caoil that still has an energy wasting 1.5 Ohm external resistance in
series with it. So that system runs a value of around 4 Amps maximum primary coil
current. Also the output transistors in the inserts have a series voltage drop of about



1.2V,whi ch a contact b, socele ko®lrspadk energyrodtpgut céinde e
little lower than usual contact breaker system which the electronic insert replaced.
However, the inserts or popular electronic modules do eliminate the unreliability of the
mechanical contact breaker, but that is about it.

It should always be remembered that with Magnetic Discharge Ignition systems (MDI)

the only real way to increase the spark energy output across the full RPM range, apart

from Dwell optimisation which helps in the high RPM ranges only, is to use a different

ignition coil which supports higher primary currents. This is basically because the stored

energy in the ignition colil is proportional to the square of the primary current. In the HEI

system, the peak primary colil currents are about 6/4 times higher than conventional coil

systems. There are two other coil factors which af
inductance value and the coil s secondary win
how these parameters affect the spark energy).The net effect across all the coil

parameters of the types of coils that the HEI system can drive yields about twice the

spark energy for HEI versus a standard 3 Ohm canister coil. The drop in electronic

distributor modules or inserts cannot support these higher primary coil currents or low

resistance primary ignition coils. The low primary resistance ignition coils have a unique

combination of primary & secondary resistance values and primary inductance values,

making their performance superior in the high rpm ranges, and with HEI current control,

also superior in the low RPM ranges. The inserts or drop in distributor modules for 3

Ohm primary coils do not gain the user any additional spark energy. Also the HEI

system optimises the dwell and levels the coil peak current to a fixed value, resulting in

more uniform spark energy across the entire RPM range compared to the standard

system.

So in summary, unlike reluctor -HEI, the drop in electronic distributor modules do not
support low resistance primary ignition coils. The manufacturers often warn they will fail
without the usual 3 Ohm coil. Nor does their Hall sensor system support bidirectional
dwell control, and they do not result in a system of higher spark energy. There are some
distributor insert modules claiming now to have fdwell controlobut to be anywhere near
as good as the HEI system, they would also have to be able to run low resistance
primary coils (whichtheyd o n 6t a bemeleato) antd lsave electronic coil current
limiting like the HEI system as well. And on top of that be able to support the higher
primary coil currents (6 Amps) without overheating the module. However if someone
could find any sort of new distributor insert or module that performed as well as reluctor
driven HEI and could therefore run low primary resistance ignition coils, | would be more
than happy to test & document its performance on a spark energy test machine to
compare it to reluctor driven HEI.



How does a Reluctor and HEI system work?

The stylized diagram below shows how a reluctor works.
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There is a rotating star wheel which progressively closes a magnetic circuit, and there is

a coil wrapped around the magnetic circuit. The magnetic flux wave rises and falls as

the star wheel rotates, however it always has a non-zero value, since when the star

wheel projections are not aligned with the co
The voltage induced in the pickup coil however is proportional to the rate of change of

magnetic flux. This produces the reluctor voltage wave shown below (which has a zero

average value).So this process also results in a reluctor peak voltage wave where its

amplitude is proportional to the RPM:
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RELUCTOR FLUX WAVE:
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AMPLITUDE (increases with RPM)



As can be seen from the diagram above, the reluctor voltage wave crosses zero volts
briskly when the rate of change of magnetic flux is zero corresponding to the peak of the
flux wave. This is exactly when the StarWheel t oot h i s aligned with t

In practice, depending on the number of turns of wire on the pickup coil, the voltage
wave from the reluctor can be as high as 5 volts peak at 500 RPM and 50V peak at
5000 RPM for example.

One interesting feature of the reluctor system, not alluded to in many textbooks on the
topic; if current is drawn from the reluctor coil (and all circuits reluctors connect to draw
some current) this results in a reactive magnetic flux that twists or rotates the reluctor
flux wave in the direction of rotation of the Star Wheel. This current increases with RPM
with the reluctor as it is loaded into a resistive load and the current increases with the
voltage.

(For example the input resistance of an HEI module is approximately 10,000 or 10k
Ohms, and the reluctordés current therefore in

As a result, the peak of the flux wave is rotated with increasing RPM in the direction of
the Star Wheel. A similar situation occurs in any generating machine, such as an
alternator or dynamo with increased load and the field becomes twisted or rotated. This
causes an electrical retard proportional to the RPM. The effect is measurable, for
example, with the 45DM4 reluctor loaded into a standard HEI module (or Lucas AB14
ignition Amplifier containing a standard module) by 2400 engine RPM (1200 distributor
RPM) there is about 3.6 engine degrees (or 1.8 distributor degrees) of retard induced by
this phenomenon, and the values are half this at half those RPM values. However this
can be averaged out to some extent by setting the static timing about 2 to 3 degrees
advanced compared to the manufacturero6s origi
distributor.

Also note there is yet another cause of increasing electrical retard in the high rpm range
due to the way the reluctor signal is processed by the HEI module, because the
electronics in the module does not detect zero crossing of the reluctor voltage wave,
but detects it at varying places on the waveform. This effect is very small compared to
the twisted flux effect (see below). It is interesting that this latter effect was cancelled
out by Toyot adbfs tHEel busAp8idederinsystem produced by General
Motors which is based on the Motorola MC3334 high energy ignition integrated circuit.



HOW THE HEI MODULE PROCESSES THE RELUCTOR VOLTAGE WAVE:

The reluctor feeds into the input of the HEI module as shown in the basic HEI system
diagram below diagram below:
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The r el uct or §whichpisspeoportianal totha npre) is rectified and stored as a

voltage on the Dwell Capacitor which becomes a varying DC level, depending on the

RPM. Thisis bufferedandt hen f ed t o o n é&ermndls. Théahermetuttarct or 6 s
connection passes to a comparator. So rather than the comparator switching the coil on

and off whenever the voltage of the reluctor is above or below zero, the DC axis of the

reluctor shifts upwards so that the comparator (and the ignition coil) stays on longer and

longer periods of the switching cycle as the RPM increases, extending the dwell angle.

The dwell in fact extends in the high rpm ranges to a large percentage of the available
time, leaving only about 1mS for spark time, and this optimises the energy in the high
RPM ranges. For example in the case of a 4 cylinder system, at 5000RPM the period



between sparks is close to 6mS, so the dwell is extended to 5/6 x 90 degrees or 75
degrees dwell. Due to the fact that the coll is of a lower resistance type the primary
current has climbed to a higher value than it does with a 3 Ohm coil in the available 5
mS of dwell time, therefore at the high RPM range the spark energy is much higher than
with the standard coil. The dwell control explained above is shown diagrammatically
below;
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Coil Coil
OFF OFF

One interesting feature of this control mechanism(as noted above) is that it results in

another very small electrical retard in addition to the flux dragging one explained above.

As can be seen the turn off position of the ignition coil (the time that the spark begins) is

shifted down the reluctor curve at the high RPM range. This effect though is small

because in the high rpm ranges the reluctords
time retard error is small, not as significant as the retard error produced by the twisting

of the flux wave by the reluctor& load current.

In the low rpm ranges, the coil current always climbs to the limited value of about 6
Amps and the current limiter in the HEI module deploys. When the current limiter
deploys the dwell capacitor is discharged shortening the dwell. However experiments on
HEI modules and with the HEI integrated circuit (The Motorola MC3334) show that the
dwell capacitor is discharged to an extent with the coil current below the 6A threshold,
at around about 3.5A to 4A. This observation also results in some interesting behaviour
if the HEI module is attempted to be used with a high R ignition coil, say 3 Ohms, rather
than 1.5 Ohms or less. Some modules with slightly higher current thresholds set by the
resistor values around the Darlington transistor and MC3334 IC, specifically the newer



versions, under this circumstance will not generate any discharge current for the dwell
capacitor. The output of the HEI wunit drops o
dwell voltage on the dwell capacitor becomes excessive and the coil on time exceeds

the switching period.

The diagram below shows how the dwell time is shortened in the low RPM ranges with
discharge of the dwell capacitor by the detected ignition coil primary current:
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The reduced dwell time in the low RPM ranges saves unnecessary coil and HElI module
heating.

IMPORTANT NOTICE FOR THOSE USING HEI MODULES- Failure modes:

In the low rpm ranges, especially with engine idle for example, wherethe HE | 6 s

Darlington output stage is in current limiting mode, t he Dar | i ngnitern6s col |
junction is dropping a voltage which allows the current in the coil to level to 6A. For

example, If the supply voltage is 13V and the coil is a 1.5 Ohm unit, then the voltage

across the coil Is 6A x 1.5R = 9 Volts, there
connections and the Darlingtonis13-9 = 4 wvolts. Therefore the M



dissipation is 4V x 6A x the percentage of time that the module holds the coil in the ON
state, which is roughly 30% of the switching cycle in the low RPM range. So the module
heat dissipation is approximately 4 x 6 x 0.3 = 7.2 Watts and modest heat-sinking of the
module can suffice.

However, with a 0.6R ignition coil, the voltage drop across the coil in current limiting

mode is only 3.6V, leaving 9.4 volts across t
dissipation 9.4 x 6 x 0.3 = 17 Watts. This is significant power to be radiated as heat.

This means that when the HEI module is used with very low R coils it is critical that it

has proper heat sinking. This means it needs to be screwed to a fairly large metal

surface with liberal use of heat coupling compound between the module and the metal

surface, or the module will overheat and fail.

So using low R coils, less than about 1 Ohm primary does result in a very uniform spark
energy across the full RPM range, but they do result in more HEI module heat stress
and heating in the low RPM range. For a 4 cylinder car application | would recommend
that the ignition coil primary resistance is in the range of 1 to 1.5 Ohms.(However for V8
engines where the spark frequency rates are double, it requires a coil with a primary
resistance in the range o0 0.5 to 1 Ohms to have uniform or good energy right up to the
high RPM range).

It is certain that failures experienced with some HEI modules relate to a combination of
a low primary resistance coil and poor heat-sinking of the module. Therefore the HEI
module ideally is not mounted to the Engine Block, but in a place where the metalwork it
is attached to has some reasonable ventilation & cooling.

There is another source or failure mode for the HEI module. The coil primary voltage

just prior to the spark initiating and loading the coil winding, can peak to a round 450V

very briefly. This can exceed the collector-emitter breakdown voltage of the Darlington

output transistor, which is typically a 400V rated in early HElI modules. This is why a

350V powerzener( cl amp diode) was wused in the Lucas C
HElI module for units made in the 19700s and 1

voltage downto 350V,b el ow t he transistordés breakdown vo

The original outputDar | i ngt on specified on Motorol ads da
MC3334 IC was a 400 volt rated MJ10012 type. And they specified the use of the zener.

One option for HEI systems which have the MC3334 separate from the transistor, to

avoid having to use the zener, is the MJ10014 Darlington which is 600v rated solves the
problem. The | arge 350v power c¢clamp zener dio
units are now a very rare part. And the new AB14 amplifiers on Ebay for Jaguars etc do

not incorporate the power zener.



Most likely the new generation HEI modules, and the ones inside the new AB14 units

have output Darlington tr aBraingandsalvéesshewi t h at |
problem that way. Certainly | would not recommend using the original 1970-1980
modules wi t hout the zener. However there is anot

be found. It is simply a matter of using a standard contact breaker capacitor in lieu of
the zener. (These are around 0.2uF). They reduce the initial voltage spike from 450V to
about 300V, well within the rating for any HEI module and do not alter the spark energy,
However this significantly slows the high voltage rise time and peak secondary voltage
to values similar to the original kettering system making the system inferior for firing
fouled spark plugs) .

The photo below shows the inside of the vintage Lucas AB14 ignition amplifier which is
the companion to the Lucas 45DM4 reluctor distributor. They also included a 1uF filter
capacitor on the 12V supply which is a good idea. Although the module is manufactured
by GM, the rest of the AB14 unit is made by Lucas:

% A 3 : .A
+12V power filter




The circuit below is Motoroladés MC3334 applic
Darlington transistor and the associated components are all contained in the D1906 HEI

module:
Figure 1. Block Diagram and Typical Application
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**A 350 V zener clamp is required when using the standard MJ10012.
This clamp is not required if a selected version with VCEQ(sus) = 550 V is used.

© Motorola, Inc. 1996

The following is photo of the internals of a typical new aftermarket D1906 HEI module
which conforms nearly exactly to the Motorola data sheet above, except that a 56 Ohm
resistor has been added in serieswiththeDar | i ngt on transi stords bas
7ofthelC. Al so is a photo of the original style



The resistors and capacitors in these new units are typical surface mount parts. They

were covered with a clear protective gel to make the circuit immune to humidity. The

emitter resistor had Laser trim marks where the threshold (current limit) was adjusted

close to 6 Amps at the factory. A more vintage unit is shown below, the circuit is the

same and the IC die is bare and fitted directly to the ceramic substrate. This type of film
technol ogy was very popular with automotive
and it is extremely heat resistant and reliable:
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A photo of the MC3334 IC die was taken using a microscope with a USB camera
attached. The die is close to 1.6 x 1.9mm and the view through the binocular eyepieces



contains interesting 3D surface detail and refractile colours, but the "monocular” image
from the USB camera is practically monochromatic and "flat" looking. None the less, it

gives an idea of the complexity of the IC, which conforms to Motorola's schematic, also
shown below:



