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Programmable
Ignition System
for Cars. Pt1

Want to program the ignition timing on vour
car? Now you can, with this completely new
design. It can be used in older cars which
presently do not have electronic ignition or
used as an “interceptor” for cars with engine

management systems.

£ WUR PREVIOUS Programmable
Ignition was originally published
in March 1996 and proved to be a very
popular project with readers. This was
subsequently updated as the Program-
mable Ignition Timing (PIT) Module
in the June and July 1999 issues of
SILICON CHIP.
The updated PIT module included

16 SILICON CHIP

a basic 2-step advance curve and a
1-step vacuum advance that changed
the timing according to engine load.
In operation, it was used to control the
High Energy Ignition design from the
June 1998 issue.

This latest Programmable Ignition
from SiLICON CHIP is far more advanced
in features and its ability to produce

by John Clarke

an accurate advance curve. It isalso a
complete stand-alone ignition system
that is triggered by an engine position
sensor and then drives the ignition
coil. It can be triggered from one of
many sensors in a distributor, includ-
ing points, reluctor, Hall effect, optical
trigger and the 5V signal from the car’s
Engine Control Unit (ECU).

In order to measure engine load,
the Programmable Ignition can use a
Sensym absolute pressure sensor. In
fact, provision has been made to mount
this sensor directly on the PC board,
the sensor then being connected to the
engine manifold via plastic tubing.

Alternatively, vou can connect the
ignition circuit to an existing manifold
pressure sensor if present. This is
commonly called a Manifold Absolute

siliconchip.com.au
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Pressure (or MAP) sensor and is found
on many cars these days. You could
also use a secondhand MAP sensor
from an auto wrecker.

Changing the timing

A fully effective ignition system
needs to increase the timing advance
with increasing RPM and to alter the
timing according to engine load — all
with a fair degree of precision. Addi-
tionally, some means to detect deto-
nation (knock) and retard the liming
would be an advantage. In this way, the
ignition can be advanced further than
would otherwise be passible without
knock sensing.

This latest SiLicon CHIP Program-
mable Ignition incarporates all these
features. What's more, there is an op-

siliconchip.com.au

+12V FROM

= IGNITION == HT TO
SWIICH DISTRIBUTOR
.§ 1]
in
i
I
=Il-
IGNIMON
COlL %
DRIVER
SE— |

LCD HAND
CONTROLLER
IGNITION
TRIGGER
POINTS, HALL
SENSOR, OPTO,
RELUCTOR A
PROGRAMMABLE
IGNITION TLEMNG
MAP Mopu
SENSOR —
KNOCK SENSOR
MODULE
[OPTIONAL)

Fig.1: this diagram shows the
four main modules used in the
Programmable Ignition System.
The LCD Hand Controller is used
only during the initial set-up.

tion to select between two separate
ignition-timing curves using a switch.
This option is ideal if you are running
both petrol and gas, where a different
timing curve is required for each type
of el

Fig.1 shows the complete system. It
comes in four modules: an LCD Hand
Controller, a Programmable Ignition
Timing (PIT) module, an Ignition
Coil Driver module and a Knock Sen-
sor module. The first three modules
are mandatory, while the fourth, the
Knock Sensor module, is optional.

The heart of the svstem is the Pro-
grammable Ignition Timing module,
hased on a PIC16F88-E/P micro. It is
programmed by the LCD Hand Con-
troller and it delivers a signal to the
Ignition Coil Driver. The latter, as its
name suggests, then drives the igni-
tion coil.

LCD Hand Controller

The LCD Hand Controller is simi-
lar to the one featured in our book
“Performance Electronics for Cars™.
It was originally designed for setting
up the Digital Pulse Adjuster, Digital
Fuel Adjuster and Independent Boost
Controller projects featured in that
bhook.

The Hand Controller is used dur-
ing the initial setting-up procedure.
It plugs into the main unit and can be
used while the engine is either run-
ning or stopped. It is then normally
disconnected from the main unit after
all adjustments have been made.

Using the Hand Controller. you can
set all the initial parameters and also

program the ignition advance/retard
curve. Several pushbutton switches
on the Hand Controller enable these
changes to be made.

Knock sensor

The optional Knock Sensor mod-
ule enables “pinging” to be sensed
and the ignition timing retarded for a
brief period. In brief, engine pinging
is monitored by the Knock Sensorand
the Programmable Ignition Timing
(PIT) module for the first 6ms after
each spark. However, at high RPM,
there is less than 6ms between each
firing and so knock signal monitoring
is done between each spark and the
start of the next coil dwell period.

When engine knock is detected,
the timing is retarded for the next 10
sparks, The amount of retardation
varies according to the severity of the
knock signal. More details on this are
given in the specilications.

Different uses

The Programmable Ignition can
be used either as an interceptor or
for fully mapped ignition timing. In
the interceptor role, it can vary the
existing ignition timing by advancing
or retarding it from its current value
— ie, it can be used to alter the timing
signals from the car's ECU.

Alternatively, when used to com-
pletely replace the existing ignition
timing, you will need to obtain the
advance/retard curve for your vehicle
so that the entire timing curve can
be produced by the Programmable
Ignition. For some vehicles, you may

MARCH 2007 17



Advance and retard adjustment over a wide range

Plug-in LCD Hand Controller for adjustments

Hand Controller LCD shows values and settings for adjustment
Suitable for single-coil ignition systems with a distributor

Can be used as a timing interceptor or as a replacement ignition
Ignition timing mapped against RPM and engine load
Interpolated values used for RPM and load values between sites
Optional single map or dual timing maps

Single map has 15 RPM sites x 15 engine load sites

Dual maps each have 11 RPM sites x 11 engine load sites

1° or 0.5° adjustments
Dwell adjustment

@ & & & @ @ 9 @ @ ° @ @ ® 9

engines
Two debounce setlings
High-level or low-level triggering

¢ & & & & & @ o @

Knock sensing indication with optional ignition retard
Suits 1 to 12-cylinder engines (4-stroke) and 1 to 6-cylinder 2-stroke

Points, reluctor, Hall effect, digital signal or optical triggering
Works with many pressure sensors (MAP sensors)
Minimum and maximum RPM adjustments

Minimum and maximum engine load adjustments
Diagnostic RPM and load readings

Add-on knock sensing unit (optional)

Requires evenly spaced firing between cylinders. For V-twins, you will
need two ignition systems and a separate trigger for each cylinder.

be able to obtain the curves from the
manufacturer. For other cars, you will
need to plot out the existing curve and
transfer the resulting timing map to the
Programmable Ignition.

Plotting out this timing curve is not
hard to do and can, in fact, be done us-
ing the Programmable Ignition system
itself and a timing light.

In practice, the ignition timing is
mapped out in an array of either two

RPMO Min RPM

11-RPM by 11-engine load site maps or
as a single 15-RPM by 15-engine load
site map. Timing arrays (or ignition
maps) are the most common method
that car manufacturers use to set the
ignition advance curve for both RPM
and engine load.

Mapping is a way of plotting the ad-
vance curve as a series of steps rather
than setting an ignition advance or
retard value at every possible engine

Max RPM

Table 1: these ignition advance values were measured for a 1988 2-litre Ford
Telstar using a timing light and the Programmable Ignition itself.

18 SILICON CHIP

RPM and load value. Thus mapping
sets the ignition advance or retard
values at specified preset points for
both RPM and engine load.

For example, we can specity the tim-
ing advance to be 25° at 3000 RPM and
28° at 3400 RPM. However, we do not
specify individual values at 3100, 3200
or 3300 RPM. Instead, the advance
values at these RPMs are interpolated
(ie, calculated), based on the values set
for 3000 and 3400 RPM.

At 3200 RPM, the amount of ad-
vance is easily calculated because it
is exactly in the middle between the
3000 RPM and 3400 RPM sites. The
advance change between 3000 RPM
and 3400 RPM is 3° (ie, from 25° to 28°)
and half of this is 1.5°. So the advance
required at 3200 RPM is simply 25° +
1.5° = 26.5°.

Another calculation is required for
engine load values that are in-between
the specified load sites.

For our Programmable Ignition, if
you require two separate engine ad-
vance curves then you need to select
the 11x11 arrays. If only one advance
curve is required, you then have the
option of using a 15x15 array for
greater accuracy.

By the way, don’t confuse the igni-
tion timing map with the MAP (mani-
fold air pressure) sensor. They are two
completely different things.

Plotting the timing values

We used the Programmable Ignition,
the LCD Hand Controller and a timing
light to plot out the ignition timing
values for a 1988 2-litre Ford Telstar.
We'll describe exactly how thisis done
in some detail in a later article.

The resulting timing vs RPM values
were tabled (Table 1) and then plotted
using Microsoft Excel. These files will
be available on our website so that
you can use the tables and edit the
values (just by wiping over the values
and rewriting them) to suit your car’s
engine. It is not really necessary to
use Excel though and you can just as
easily use a pencil and piece of paper
to draw out the map instead.

Fig.2 shows the ignition timing
versus RPM and engine load from
1000-5000 RPM. Since we have 11
RPM sites, each RPM site covers a
span of 400 RPM.

RPMO is an extra site and is shown
covering the range from 0-1000 RPM.
The RPMO wording is shown on a dif-
ferent line because it is not an actual
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RPM site and cannot be adjusted. It
has the same values as RPM1.

RPMO0 is shown because it explains
what the advance curve is below the
minimum RPM1 site while the en-
gine is being started. The same thing
happens for RPM above RPM11. In
this case, the advance remains at the
RPM11 values.

Engine load is shown with LOAD1
as the minimum engine load while
LOAD11 is the maximum engine load.
LOAD1 is usually accessed when the
engine is on overrun while LOAD11
is usually accessed under acceleration
or when the car is climbing a hill. The
load values were measured using a
second hand pressure sensor from
an automotive wrecker. These were
then converted to load values ranging
from 1-11.

The curve can be plotted in three
dimensions showing RPM, load and
ignition advance. If you use our Excel
file, then the curve will be automati-
cally replotted when ever a value is
altered.

Using the Hand Controller

As mentioned above, the Hand
Controller is used to enter the settings
and to enter the ignition map. The
values are displayed on the 2-line 16-
character LCD screen. There are eight
direction pushbuttons, a Run/View
pushbutton and a Reset.

The Reset switch is recessed to pre-
ventaccidental activation, It isused to
return all mapped advance or retard
values to 0°. The eight direction push-
buttons alter the values and can con-
figure the display to show the different
settings or a different load site.

Finally, the Run/View pushbutton
only works in the Timing mode. This
mode is selected using a jumper link
on the Programmable Ignition Timing
Moaodule.

RUN modes

The Timing mode has four possible
display modes, selected by pressing
the Run/View pushbutton. It selects
one of fourmodes—called SITE, FULL,
DIAG and VIEW — in cyclic fashion.

Each display mode shows a slightly
different aspect of the mapping sites.
One feature in common is that they
all display the MAP and the current
advance or retard value on the top line,
although there is a difference in the
displayed value as we shall see.

When the 11x11 maps are selected
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~ Fig.2: this 3-dimensional graph plots ignition advance against engine
RPM and engine load as an 11x11 array - ie, 11 Load sites and 11
RPM sites. Note how the ignition advance increases with RPM and
decreases with higher engine load. The graph here was produced for a

1988 2-litre Ford Telstar.
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Fig.3: this 3-dimensional graph is also for a 1988 2.0-litre Ford Telstar
but this time the ignition advance is plotted against engine RPM and
~ engine load as a 15x15 map (300 RPM per site),

(from the settings mode). the display
will show either MAPa or MAPJ,
depending on which map is selected.
If the 15x15 map is selected, then the
display will only show MAP, without

the alpha or beta symbols.
Following the MAP legend, the
display shows the advance or retard
value. The display format depends
on whether the setting is for 0.5° or
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The LCD Hand Controller connects to
the Ignition Timing Module via a
standard DB25 RS-232 cable. It's
used to program in the various
settings and the ignition timing map(s)
and can display all programmed data
on a 2-line 16-character LCD module.

-

1° resolution. In all cases, a sign
indicates a retard value, while a “+”
sign indicates an advance value. When
there is no change in advance or retard,
the value simply shows 0.0 for the
0.5° resolution setting or 0 for the 1°
resolution setting.

The advance or retard value is
changed using the Up («), Down (¥,
Step Up (4) and Step Down (¥) push-
buttons. The « and ¥ pushbuttons
increase or decrease the setting by the
resolution value; ie, by either 0.5° or
1° for each switch press.

By contrast, the 2 and ¥ push-
buttons change the advance/retard
value by 2° on 0.5° resolution and by 4°
on 1° resolution. The resulting values
are stored in memory and remain there
even if power is turned off, unless they
are changed by the pushbuttons or by
the Reset switch.

At theend of the top line, the display
shows either SITE, FULL, DIAG or
VIEW, to indicate the selected mode.
Note that the SITE, FULL and DIAG
modes are called the “Run” modes
because they show what sites are ac-
cessed while the engine is running.

Site mode

The SITE mode is displayed each
time the Programmable Ignition is
powered up when the Run/View mode
is selected with the jumper link. In
this mode, the second line shows
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the current RPM site and the current
LOAD site. These are from sites 1-11
when the 11x11 mapping is selected
or from 1-15 when the 15x15 mapping
is selected.

The advance or retard value is
shown as the value entered at that
load site. In practice, the LOAD and
RPM sites only change with changes
in engine RPM and engine load. In
other words, this is areal time display
that shows the current load and RPM
sites and the current advance or retard
value setting.

Full mode

Pressing the Run/View pushbutton
brings up the FULL mode. In this case,
the second line shows the RPM site as
before (eg, RPM1) but it also shows the
actual position between this site and
the next. For example, with the 11x11
ignition timing map (Fig.2), each site
is 400 RPM away from the next.

In practice, however, the RPM is
measured in 100 RPM steps. As a
result, the display shows the RPM 1
position as RPM 1:0, RPM 1;1, RPM
1:2 or RPM 1;3. These values corre-
spond to 1000, 1100, 1200 and 1300
RPM respectively. There is no RPM
1;4 position as this becomes the RPM
2:0 site for 1400 RPM.

If you don’t understand this, it will
become clearer when we describe how
the Programmable Ignition is set up in

the forthcoming articles.

Similarly for the LOAD sites, the
position within the site is shown after
the semicolon (;). Note that the word
LOAD is abbreviated to just LD, so that
the values fit within the display line.

In the FULL display mode, the
advance or retard value is the inter-
polated value that is calculated for the
positions between each load site.

Let’s go back to our earlier example
and consider the RPM 6 (3000 RPM)
and RPM 7 (3400 RPM) sites. At these
sites, the advance is 25° and 28° re-
spectively. This means that at RPM 6;0
the advance value will be displayed
as +25.0°, while at RPM 7:0 the value
will be shown as + 28.0°.

The interpolated value will be
shown for RPM values between these
two sites. For example, at 3200 RPM
(RPM 6:2), the advance value will be
+26.5° Consequently, this is the value
that will be shown at site RPM6;2.

Note that this is a simplistic exam-
ple because we are ignoring the fact
that the LOAD wvalue could also be
in-between LOAD sites. In that case,
both the RPM and LOAD values are
interpolated to give the advance or
retard value.

Note also that if the advance or re-
tard value is increased or decreased in
this mode, it will be the interpolated
value that is displayed rather that
the site value. The site that will be
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changed is the next lowest RPM and
LOAD site.

Having said all that, interpolation
can be switched off within the settings
if required.

Knock sensing

When knock sensing is set, the dis-
play shows the modified timing value
after knock retard is taken into ac-
count. This means that if the display is
showing +26.0° and the knock sensing
subsequently introduces a 6° timing
retard, the display will then immedi-
ately show +20.0°. This is the actual
advance value used for ignition.

Note that engine knock detection is
indicated by an exclamation mark (!)
that is positioned between the RPM
site value and the LOAD on the second
line of the display. The (!) is shown
when knock is detected, regardless as
to whether the knock retard feature is
on or off. The knock symbol is shown
in the SITE, FULL and DIAG display
modes.

Diagnostic mode

Pressing the Run/View switch again
switches to the DIAG mode. This
is the diagnostic mode and is very
useful when it comes to determining
your engine’s RPM range, as well as
measuring the output range from the
MAP sensor.

In this mode, the second line shows
the actual RPM with 100 RPM resolu-
tion and the actual LOAD value from
0-255. The advance/retard value on
the top line normally shows the in-
terpolated value in the same way as
the FULL mode.

As mentioned above, interpolation
can be switched off and this is useful
when measuring the manufacturer’s
advance curve (more on this in a later
article).

Pressing the Run/View pushbult-
ton yet again switches to the VIEW
mode, This is not a real-time display
because the RPM and LOAD sites do
not change with the engine RPM or
load. Instead, you can step through
each sitemanually using the Right (»),
Step Right (»), Left (4) and Step Left
(») pushbuttons.

The » and 4 pushbuttons increase
ordecrease the LOAD site value. When
increasing the LOAD site value and it
reaches its maximum value (either 11
or15), pressing the switch again causes
the RPM site to increase by 1 and the
LOAD site to return to 1. In this way,
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Specificatigns!

Timing adjustment resolution: 0.5° resolution advance and retard or 1°
resolution advance and retard.

Timing adjustment range: +60° for 12-cylinder engines, +90° for 8-
cylinder engines, +120° for 6-cylinder engines, £127° for less than 6
cylinders. Using less than 75% of the limit is recommended to prevent
timing “drop-out” with sudden RPM changes.

Timing adjustment accuracy (above Low RPM setting): 0.2% for a
2-cylinder 4-stroke, 0.3% for a 6-cylinder 4-stroke, 0.4% for an 8-cylinder
4-stroke (note: 0.3% is equivalent to 0.12° at 40° advance or retard for a
6-cylinder engine).

Timing update: the update period is the time between successive firings.
Timing calculation period: 700us maximum.

Timing jitter: +5us at 333Hz (5us is equivalent to 0.3° for a 6-cylinder
engine at 10,000 RPM).

Minimum input frequency: 0.6Hz (corresponds to 36 RPM for a 2-
cylinder 4-stroke engine, 18 RPM for a 4-cylinder 4-stroke engine, etc).

Maximum input frequency: 700Hz (corresponds to 14,000 RPM for a
6-cylinder 4-stroke, 7000 RPM for a 12-cylinder 4-stroke.

Cylinder settings: 1-12 cylinders for a 4-stroke engine and 1-6 cylinders
for a 2-stroke engine.

Minimum RPM setting: 0-25,500 RPM in 100 RPM steps

Maximum RPM setting: indirectly set by RPM/SITE — 0-25,500 RPM in
100 RPM steps.

Minimum load setting: 0-255 in steps of 1 (corresponds to 0-5V).

Maximum load setting: indirectly adjusted by changing loads per site
{0-255 in steps of 1).

Debounce adjustment: 0.4ms or 2ms.

Dwell adjustment: 0-25.3ms in 0.2048ms steps (multiplied with voltage
below 12V).

Dwell variation with supply: x1 for >12V, x2 for 9-12V, x3 for 7.2-9V, x 4
for <7.2V.

Firing edge selection: low or high.
Spark duration: 1ms.
Map settings: two 11x11 maps (MAP«a and MAPP) or single 15x15 map.

Knock input range: 0-5V (0-1.25V = no retard; 1.25-5V = progressive
retard in 16 steps). 9° at 3.75V, 12° at 5V for 1° resolution; 4.5° and 6°
respectively for 0.5° resolution.

Knock monitoring (requires an additional knock circuit): monitored
for the first 6ms after firing. This period is reduced at higher RPM with
the start of dwell. Optional 4000 RPM or 6000 RPM sensing limit. Ignition
retard activation (when enabled) is set for a minimum of 10 sparks with
the onset of knocking.

Internal test oscillator: 4.88Hz.

Response to low RPM setting: 0-25,500 RPM in 100 RPM steps.
Typically set at around 1000 to 2000 RPM.

I
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manifold pressure”.

The best-laid plans o"mice an’'men
Gang aft a-gley,

For promised joy.

The Best Lald Plans |

When we presented our last very popular High Energy Electronic Ignition
System, in the December 2005 & January 2006 issues of SILICON CHIP, we
stated that “in a future issue we would present a development of the Elec-
tronic Ignition to allow ignition timing to be altered. That project will allow
the existing timing to be fully mapped on the basis of engine RPM and inlet

In fact, provision was made on the PC board for the extra parts that would
be required to make the system fully programmable. A new program for the mi-
crocontroller would complete the system . . . or at least, that was the plan.

It didn’t work out. Instead, we have had to effectively split the original PC
board into two parts and add a few more components into the bargain.

Now what was that about mice and men? It goes like this:

An'lea’e us nought but grief an’ pain

[“To a Mouse” by Scottish poet Robert Burns (1759-1796)).

ff Mise & Mem

>

you can step through the entire igni-
tion-timing map.

The same thing happens when de-
creasing the LOAD site value. After
reaching 1, the RPM site value is de-
creased by 1 on the next switch press
and the LOAD site goes to either 11 or
15 (depending on the MAP setting).

The W and # switches just alter
the RPM sites up or down without
altering the LOAD site. In this way
yvou can check the ignition advance
or retard settings for each RPM site at
a particular LOAD site.

Note that the », », 4 and « push-
buttons do not operate in the SITE,
FULL and DIAG modes. In these
modes, the sites are only changed
in response to engine RPM and load
inputs.

Settings

The Settings display is inveked
when jumper LK1 in the Programma-
ble Ignition Timing Module is moved
to the settings position. This display
is used to set up the programmable
ignition to suit your engine.

The display will initially show
<SETTINGS>. The < and > brackets
indicate that each setting can be se-
lected with either the left (4 ) or right
(») pushbutton switch. The values
within the settings are then changed
using the « and w pushbuttons.
These values (except for the oscillator
setting) are stored in memory and do
not change unless altered using the Up
and Down pushbuttons.
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Note that the oscillator setting is
always off when power is re-applied
to the Programmable Ignition.

Pressing the » pushbutton brings
up the Cylinder setting. You can then
select cylinder values from 1-12 for
a 4-stroke engine and from 1-6 for
a 2-stroke engine. During this time,
the top line of the display will show
STROKE and then two numbers — ie,
4 and [2] for 4-stroke 2-stroke engines
respectively. Directly below these on
the second line is the word CYLINDER
and the selected cylinder numbers (the
bracketed number is the cylinder value
for a 2-stroke engine).

The cylinder value is changed using
the a and ¥ pushbuttons. Note that
a dash is shown in the two 2-stroke
column when odd 4-stroke cylinder
numbers are selected, as this is not a
valid setting for a 2-stroke engine.

The next four settings are for adjust-
ing the range of the RPM sites and
the LOAD sites. These are crucial in
insuring you get the full use of the
available sites. In other words, there
is not much point in having the RPM
sites cover a range from 0-25,000 RPM
when, for example, the engine does
not run above 5000 RPM. In this case,
you would only be using 20% of the
available RPM sites (ie, RPM 1, RPM
2 and part of RPM3 only) for mapping
the advance curve.

The first of these settings is the
Minimum RPM. This sets the RPM
for the RPM 1 LOAD site. The display
shows SET MIN RPM X00 RPM, where

the X represents a number from 0-255.
Typically, this is set at the idle speed
for the car but it may be set differently
depending on how you want the igni-
tion curve to operate (more on this
in a later article). The settings can be
changed from 0 RPM through to 25,500
RPM in 100 RPM steps.

In practice, you would use the DIAG
(diagnostic) setting mentioned above
to determine the minimum and maxi-
mum engine RPM range. Alternatively,
you can use the idle and red-line
specifications for your engine.

The second setting is for the Maxi-
mum RPM. This value of RPM is in-
directly set by the value of the RPM
per site (RPM/SITE) adjustment, as
shown on the top line of the display.
It can be set from 0-25,500 RPM in 100
RPM steps.

The second line shows the maxi-
mum RPM. This is calculated based
on the minimum RPM setting and the
RPM/site value. It is shown in the sec-
ond line of the display as MAX RPM
X00 RPM, where X is a number from
0-255. An ERROR indication is shown
instead of the maximum RPM if the
setting would be over 25,500 RPM.

The reason why we adjust the RPM/
SITE value rather than the Maximum
RPM directly is because the Program-
mable Ignition requires a discrete
number of 100 RPM steps between
each RPM site.

In practice, the RPM/SITE value is
altered so that the maximum RPM is at
or just over the value required. You can
also adjust the minimum RPM setting
to achieve the best compromise for the
adjustment,

An example may help here using
the 11 x 11 map. If, say, the minimum
RPM is set at 1000 RPM, the RPM/SITE
value can be set to say 400 RPM for a
5000 RPM maximum or to 500 RPM
for a 6000 RPM maximum. Thus, if you
had a red line of say 5500 RPM, you
could set the RPM/site value to 500
for the 6000 RPM maximum. Alterna-
tively, vou could lower the minimum
RPM value to say 800 RPM, with the
RPM/site set to 500 for a 5800 RPM
maximum.

The third and fourth settings are for
the LOAD sites. Again, in practice,
you would use the DIAG (diagnostic)
mode to determine the minimum
and maximum values from the MAP
sensor. The maximum load values oc-
cur when the car is accelerating up a
hill, while minimum load values are
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present under very light throttle con-
ditions and when the engine is being
overrun in low gear downhill.

The Minimum Load adjustment can
be set from 0-255 in steps of 1. These
0-255 values correspond to the 0-5V
output from the MAP sensor. This
value is set to the reading obtained in
the DIAG (diagnostic) mode when the
engine is being overrun.

By contrast, the Maximum Load is
adjusted indirectly by changing the
loads per site (LOADS/SITE) setting.
This can be changed in steps of 1 from
0-255. The second display line shows
the calculated maximum load (MAX
LOAD) value based on the minimum
load and the LOADS/SITE setting.
An ERROR indication shows if the
calculated maximum LOAD value is
over 255.

In practice, the Minimum Load and
the LOADS/SITE settings are adjusted
so that they cover the range of the MAP
sensor output, although they may
slightly averlap the required minimum
and maximum values.

Other settings that follow these map-
ping values are:

{1). MAPS: here you can select either
the two 11x11 maps (mapotand mapf})
or the single 15x15 map. Note that
any ignition values mapped into an
11x11 map will no longer be correct
if the map is subsequently changed to
a 15x15 array and vice versa. Instead,
vou have to re-enter the values.

{2). Resolution: this sets the resolution
ofthe advance/retard adjustments and
can be either 1° or 0.5°. Once ignition
values have been entered into the map
on one resolution setting, they will be
incorrect if the resolution is changed
to the alternative setting.

(3). Response Yo Low RPM setling: at
low RPM, the engine speed can
change quite quickly. Because the
calculation for RPM can only occur
between each detected firing pulse,
the response to RPM changes can
be too slow and can lag behind the
engine. This can noticeably retard
the ignition with increasing RPM.
The Response To Low RPM setting
is included to improve low RPM re-
sponse, particularly at starting. The
downside of this setting is that there
is some slight ignition retardation but
this is less than 1° for typical low RPM
settings.

The RPM value can be set from 0-
25,500 RPM in 100 RPM steps. The
Low RPM Response operates for RPM
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lgnition Timing = A Ouick Primer

A typical internal combustion engine has one or more pistons that travel
up and down inside cylinders to turn a crankshaft. As a piston rises inside
its cylinder during the compression stroke, a mixture of fuel and air is com-
pressed. In petrol and gas engines, this fuel-air mixture is then ignited using
a spark to drive the piston as it starts its downward stroke.

This ignition must be timed accurately to ensure maximum power and ef-
ficiency. If the mixture is fired too late in the cycle, power will be lost because
the piston will have travelled too far down in the cylinder for the burning fuel
to have maximum effect. Conversely, if the mixture is ignited too early, it will
“push” against the piston in the wrong direction as it rises towards top dead
centre (TDC).

Ideally, each spark plug is fired so that there is just enough time for the
ignited fuel to apply maximum force to the piston as it starls its downward
power stroke. In practice, the fuel takes a certain amount of time to burn and
so the spark plug needs to be fired before the piston reaches the top of its
stroke or top dead centre.

At low engine RPM, the spark only needs to occur a few degrees before
top dead centre. However, as engine RPM rises, the ignition must be fired
progressively earlier in order to give the fuel the same time to fully ignite —ie,
the spark timing must be progressively advanced as engine RPM rises.

This timing requirement is called the “RPM ignition advance curve” and is
often around 6° before TDC at idle, rising to about 40° at the engine’s recom-
mended maximum RPM (the redline).

As stated, if the spark ignites the fuel far too early, then the piston may be
pushed downwards before it reaches top dead centre. However, if the igni-
tion is only early by a small amount, then the engine will exhibit a knocking
sound as the piston ratties within the cylinder. This effect is called “detonation”
(also called “pinging” or “knocking”) and can cause serious engine damage
in severe cases.

Engine load is also an important factor when it comes to ignition timing.
Under light loads, the advance timing can usually be at the maximum. However,
when the engine is heavily loaded, such as when accelerating or powering
uphill, the fuel takes less time to ignite because of higher fuel pressures and
temperature (and because the mixture is richer). As a consequence, as engine
load increases, the ignition timing must be retarded to prevent detonation.

below the set value (typically just
below idle speed). Above this setting,
the standard response to RPM occurs.
By contrast. the response at higher
RPM is satisfactory because there is
only a short period between plug fir-
ing and the engine speed will not vary
much during this time. Usually, the
setting is adjusted so that it operates at
engine cranking speed but stops when
the engine reaches idle speed. In other
cases, it may be necessary to raise this
RPM limit so that the engine can rev
correctly from idle.

(4). Bebounce: the debounce setling
alfects the trigger input and its resil-
ience to a noisy signal, as can typically
occur with points bounce in older car
ipnition systems. Unless corrected,
points bounce can upset the detection
of engine RPM and affect the timing.

Typically. you can use the 0.4ms de-
bounce setting but the alternative 2ms
debounce setting can be selected if the
ignition appears to be erratic due to a
noisy input sensor signal.
{5). Dwell: dwell is the period during
which the ignition coil “charges” be-
fore each plug firing. Itis alterable from
between 0-25.3ms in 0.2048ms steps.
We have provided an oscillator feature
(see below) that allows the ignition
coil to be driven by the Programma-
ble Ignition and the spark produced
by the coil monitored. The dwell is
then progressively adjusted upwards
from Oms until the spark reaches its
maximum voltage. The dwell is then
increased slightly above the set value
to ensure there is more than sufficient
spark when the engine runs.

In addition, the dwell is automati-

MAaRcH 2007 23



’j-‘°°“" = \1vs1
i o
£

. KA :
-
I I

13.6V/1W
STANDOFF *L1 = 23 TURNS OF
l 0.5mm
o 15x8x6.5 g
x 8 x 6.5mm
o 1
‘ TOROIDAL CORE
3o
o| DB25
__ | SOCKET
o
Lo
o
I
= 100k
MWy
- 4700 TO
0 S o 'GNITION
l DRIVER
*12 = 0.7mm TINNED
COPPER WIRE 2.2k
THROUGH 3 x 5mm
=+ FERRITE BEADS
W o uio
47k
AMAA
oy
1N4004
R=lee

St PROGRAMMABLE IGNITION TIMING MODULE

Fig.4: the Ignition Timing Module is based on a PIC16F88-E/P microcontroller. This processes the input trigger, MAP
sensor and optional knock sensor signals and provides outputs to drive the Ignition Coil Driver circuit (Fig.5) and a
tachometer. It also monitors the Hand Controller’s switches and drives the LCD.

cally increased when the battery volt-
age is low—ie, to x2 for battery voltages
between 9V and 12V; to x3 for voltages
between 7.2V and 9V; and to x4 for
voltages below 7.2V.

{B). Edge: this sets the ignition to trigger
from either a low-going input signal
edge or a high-going signal. In most
cases, a high-going signal edge must be
selected but some optical, Hall-Effect
and reluctor outputs will require the
low-going edge selection.

(7). Knock: this sets the KNOCK re-
tard feature either ON or OFF and
sets the LIMIT at either 4000 or
6000 RPM [these settings are all
shown on the LCD). Pressing the
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« and ¥ pushbuttons ecycle the
selections between these options.
The LIMIT setting sets the RPM value
at which knock sensing ceases. This is
usually set to 4000-6000 RPM because
at higher revs, the engine noise drowns
out any knocking and so would either
be undetectable or would cause false
readings.

Note that knocking will only be
detected if the separate knock sens-
ing circuit (to be described) is added
and a knock sensor is installed on the
vehicle.

(8). Diagnostic: this sets the interpola-
tion either ON or OFF. It is normally
set to ON and should only be set to

OFF when making ignition curve
measurements using the Programma-
ble Ignition and a timing light.

(9). 8sciflator: this sets the internal os-
cillator ON or OFF. It’s normally OFF
but can be set to ON to test the ignition
coil spark with varying dwell settings.
The oscillation rate is about five times
a second (5Hz).

Circuit details

OK, so much for all the fancy fea-
tures built (or more accurately, pro-
grammed) into the unit. Let’s now take
a look at the circuit details.

The circuit for the Programmable
Ignition can be split into three sec-
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tions. First, there is the Programmable
Ignition Timing circuit, as shown in
Fig.4. To this is added an input trigger
circuit, depending on the ignition trig-
ger used — see Fig.6. This can be either
points, optical, Hall effect or reluctor,
or can be taken from the engine man-
agement unit (EMU).

Finally, a separate circuit, control-
led by the Programmable Ignition
Timing circuit, drives the ignition coil
- see Fig.5.

The LCD Hand Controller, to be
described in Pt.2, is a completely
separate unit which connects to the
Programmable Ignition Timing module
via a DB25 cable. As stated, it's used
only during the setting-up procedure,
after which it is no longer required un-
less you wish to reprogram the system
(eg, to alter the timing map).

The main circuit (Fig.4) is based on
IC1 which is a PIC16F88-E/P high-tem-
perature microcontroller. This micro
processes the input trigger and MAP
sensor signals and provides an output
to drive the Ignition Coil Driver circuit.
It also drives the LCD module in the
Hand Controller and monitors the
Hand Controller's switches.

Timing signals for IC1 are provided
by crystal X1. This sets the internal
oscillator to run at 20MHz, which
enables the software programmed into
IC1 to run as fast as possible.

In operation, IC1 accepts the igni-
tion trigger signal at its RBO input (pin
6) and drives its RB3 output to switch
the ignition coil (via the driver circuit)
accordingly. As shown, the RBO input
is protected from excess voltages by a
series 2.2kQ resistor, which prevents
excessive current flow in IC1's internal
clamping diodes. Clamping occurs
when the voltage goes below 0V or if
it goes above the +5V supply (ie, the
input is clamped to -0.6V or +5.6V).

The 1nF capacitor at the RBO input
shunts transient voltages and high-
frequency signals, to filter false timing
signals.

Transistor Q4 is also driven from the
trigger input. The transistor is used to
provide a tachometer output at its col-
lector. In operation, Q4’s collector is
normally held high viaa 2.2kQ pull-up
resistor but switches low each time the
transistor turns on (ie, when the trigger
input is high).

Q4's collector output can be used
to drive most modern tachometers.
However, an impulse tachometer (now
very rare) requires a different con-
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Fig.5: the Ignition Coil Driver is based on transistors Q1-Q3. Darlington
transistor Q1 switches the ignition coil, while the four series zener diodes
across Q1 protect it against voltage spikes when the transistor turns off.

C

nection and this type should operate
when connected to the ignition coil’s
negative terminal.

MAP sensor

The MAP sensor signal is applied
to the analog AN2 input of IC1 via a
1.8kQ resistor. A 10nF capacitor filters
out unwanted high-frequency signals
to prevent false readings.

In operation, the AN2 input meas-
ures an input voltage ranging from 0-
5V and converts this to a digital value
ranging from 0-255. This is the value
that’s read from the DIAG (diagnostic)
display.

Note that +5V supply and ground
rails are provided for the sensor. When
the Sensym sensor is used. it can be
directly mounted on the PC hoard
used for the Programmable Ignition
Timing Module.

The optional knock sensor signal
is applied to IC1's analog AN1 input
(pin 18). As before, this input accepts
signal voltages from 0-5V and converts
them to digital values.

Conversely, if the knock sensing cir-
cuitis not used, this input must be tied

to ground using jumper link LK2 to
disable the knock sensing function.

The third analog input at AN3 (pin
2) is used to monitor the +12V ignition
supply. As shown in Fig.4, this supply
voltage is divided down using 100k
and 47kQ resistors and filtered using
a 10uF capacitor before being applied
to the AN3 input. This divider effec-
tively converts the supply voltage to
a 0-5V signal which is then used to
determine if the dwell period should
be increased to compensate for a low
supply voltage.

Note that the voltage across D1 is
accounted for in this measurement.

Link LK1 selects either the timing
map display or the settings display. In
the settings position, the RAS5 input
is tied to ground via a 10k€ resistor.
Converselv, when LK1 is in the tim-
ing position, RAS is tied to 5V via the
10kE2 resistor.

Note that the RA5 input differs from
the other inputs in that it cannot be
directly tied to one of the supply rails
otherwise the micro could latch up.
The 10kQ input resistor eliminates
this problem.
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Fig.6: the seven inpul trigger circuits: (a) points triggering; (b) ignition module (see text); (c) Hall effect & Lumenition
triggering; (d) triggering from an engine management module; (e) reluctor pickup; (f) Crane optical pickup; and (g)
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Switch S1 is used to select between
the two 11x11 timing maps. When
S1 is open, RA4 is pulled low via the
10kQ resistors and mapa is selected.
Conversely, when S2 is closed, RA4 is
pulled to +5V and mapp is selected.

Note that this switch operates only
when the 11x11 maps are selected us-
ing the LCD Hand Controller. It has no
effect if a 15x15 map is selected.

Driving the LCD

Pins 7, 8 & 10-13 of the microcon-
troller are used to drive the LCD mod-
ule in the Hand Controller (viaa DB25
connector). The 10Q resistors in series
with these outputs act as stoppers to
keep RF signals out of IC1.

In addition, the RAO input at pin
17 monitors the switches from the
Hand Controller. The associated 1kQ
resistor pulls the input voltage to 0V
unless a switch is closed, at which
point the line is pulled high to +5V.
The 10nF and 1nF capacitors filter out
RF signals.

Power supply

Power for the circuit is derived via

the ignition switch. This supply is

then filtered using inductor L1 and
the 100nF capacitor. Diode D1 pro-
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vides reverse polarity protection, after
which the supply is decoupled using
a 1000pF capacitor.

As a further precaution, the circuit
is protected from voltage spikes using
transient voltage suppressor TVS1.
This clamps any high voltages that
may otherwise damage following
components,

Following TVS1, the supply is reg-
ulated to +5V using regulator REG1.
This is a low-dropout device and is
used here to ensure that a regulated
+5V supply is maintained during start-
ing when the battery voltage can drop
well below 12V.

A 100pF capacitor decouples the
regulator’s output, while a 100nF ca-
pacitor (located close to pin 14 of IC1)
shunts high frequencies to ground.

Ignition coil driver

Fig.5 shows the Ignition Coil Driver
circuit. It’s fairly straightforward and
is based on transistors Q1-Q3.

Q1 is a Darlington transistor spe-
cifically made for ignition systems.
It's capable of handling currents in
excess of 10A and voltages exceed-
ing 400V. As shown, four 75V zener
diodes (ZD1-ZD4) are connected in
series between its collector and emitter

terminals. These protect the transistor
from excess voltages by clamping its
collector at 300V, which is well within
its rating.

The circuit works like this: when
the input signal is low (or there is no
signal), transistor Q3 is off, Q2 is on
(due to base current through the 1.2kQ
resistor) and Q1 is off. Conversely,
when the input subsequently switches
high, Q3 turns on and switches Q2
off by pulling its base to ground. As a
result, Q1 turns on and current flows
through the primary winding of the
ignition coil.

The ignition input signal now subse-
quently switches low again and so Q3
immediately turns off due to the 470Q
resistor between its base terminal
and ground. And when that happens,
Q2 switches on and Q1 switches off,
interrupting the current through the
ignition coil.

As a result, the coil’s magnetic flux
rapidly collapses and this generates a
high voltage in the secondary to fire
one of the spark plugs. The 1nF capaci-
tor on Q3’s base is there to suppress
any RF signals that may otherwise be
injected when the current through the
ignition coil is interrupted (ie, when
Q1 swiiches off).
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Resistor R1 is included to make
the module more versatile. In our
application, R1 is not used and is
replaced with a wire link. For other
applications, where a separate igni-
tion coil driver is required, R1 will
be required. Typically. a 4709 resistor
would be used for a 5V drive signal,
while a 1.2kQ resistor would be used
for a 12V drive signal.

Finally, the module can also be
configured to drive transistor Q1 when
the input signal switches low. In this
case, Q3 is left out of circuit and a link
installed between the pads on the PC
board for its base and collector leads.
The 1.2kQ resistor pull-up is also re-
moved from circuit.

Trigger inputs

The Programmable Electronic Igni-
tion is configured for the appropriate
trigger input during construction.
The seven possible input circuits are
shown in Fig.6,

The points trigger is shown in
Fig.6(a) and includes a 100Q 5W wire-
wound resistor connected to the 12V
supply. This resistor provides a “wet-
ting"” current for the points to ensure
there is a good contact between the two
mating faces when they are closed. The
wetting current is sufficient to keep
the contacts clean but not so high as
to damage them.

The ignition module version is
shown in Fig.6(b). This is essentially
the same as the points input except
that a transistor inside the ignition
maodule switches the input to ground
instead.

This type of input has been included
because some electronic ignition
systems do not provide access to the
actual trigger (usually a reluctor) and
the only output is the ignition coil
driver transistor. In this case the coil
is replaced with the 1002 resistor to
provide the necessary pull-up to +12V
when the transistor is off,

Fig.6(c) shows the Hall Effect trigger.
Ituses a 100€2 current-limiting resistor
to feed the Hall sensor, while the 1kQ
resistor pulls the output voltage to
+5V when the internal open-collector
transistoris off. Conversely, the output
signal is pulled to 0V when the internal
transistor is on.

Note that the same circuit is used for
the Lumenition optical module.

The engine management input cir-
cuit is shown in Fig.6(d) and is quite
simple. Its 0-5V output signal connects
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This view shows the assembled PC board for the Ignition Timing
! Module but without the optional Sensym MAP sensor fitted.
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to the trigger section of the main circuit
in Fig.4.

Reluctor sensors are catered for
using the circuit in Fig.6(e). These
produce an AC signal and so require
a more complex input circuit,

In this case, transistor Q5 switches
on or off, depending on whether the
reluctor voltage is positive or negative.
It works as follows. Initially, with no
reluctor voltage, Q5 is switched on
via current through VR1 and a 47kQ
resistor. The voltage applied to Q5's
base depends on the 10kQ resistor
across the reluctor coil and the internal
resistance of the reluctor.

Trimpot VR1 is included to provide
for a wide range of reluclor types. In
practice, VR1 is adjusted so that Q5
is just switched on when there is no
signal from the reluctor. The 10kQ
resistor provides a load for the reluc-
tor, while the 470pF capacitor filters
any RF signals that may have been
induced.

The 2.2nF capacitor ensures that Q5
quickly switches off when the reluctor
signal goes negative.

Finally, Fig.6(f) & Fig.6(g) show
two different optical pickup circuits.
Fig.6(f) is fora module that has a com-
mon 0V supply connection (eg, Crane),
while Fig.6(g) is fora module that hasa
common positive supply (eg. Piranha).
In each case, current for the LED is
supplied via a 120Q resistor, while the

photodiode current is supplied via a
22k resistor.

Software

The software for the Programmable
Ignition is the largest and most com-
plex we have developed to date. Inall,
the final assembler code totals some
6020 lines to perform all the necessary
functions, including monitoring the
ignition trigger and pressure sensor
signals and providing an output based
on the ignition timing map.

Basically, the software includes
several multiply and divide routines
(some 24-bit) to calculate the timing,
based on the RPM and load site. These
routines are also used to calculate
engine RPM and the interpolated
advance/retard values and must be
performed constantly to maintain the
correct timing as engine RPM and
load vary.

We managed to perform all the re-
quired calculations in under 1ms — fast
enough for high revving engines.

A significant part of the software has
also been devated to the many func-
tions accessible via the Hand Control-
ler and to allow the Hand Controller to
be used while the engine is running.

In the end, we used all the data
memory space of the PIC16F88 to store
the ignition timing maps and the ad-
justable parameters, along with some
97% of the program memory. ¢
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Programmable
Ignition System
for Cars - Pt2

by John Clarke

Six Versions To Build To Suit Your Car's Trigger Input.

This month, we describe the circuit for the
LCD Hand Controller module and provide all
the assembly details for the Programmable
Ignition. There are six versions to build.

L AST MONTH, we published the
circuit details for the Program-
mable Ignition Timing Module and its
companion Ignition Coil Driver Mod-
ule and described their operation in
some detail. The various input trigger
circuits (points, reluctor, Hall sensor,
optical, ete) were also described.

LCD Hand Controller

That just leaves the LCD Hand
Controller Module. Its circuit is
shown in Fig.7. It comprises an LCD
module, a 4017 decade counter (IC1),
a DB25 socket and several pushbut-
ton switches. This unit connects to
the main circuit via a standard DB25
RS-232 cable.

Signals from the microcontroller
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in the Programmable Ignition Timing
Module drive both the LCD module
and IC1. IC1 has 10 outputs and each
output independently goes high in
sequence as it is clocked at its pin 14
input. A high at the reset (MR, pin 15)
sets the “0” output at pin 3 high.

Each output connects to a switch.
When a switch is closed, it pulls pin 9
of the DB25 socket high whenever its
corresponding output on IC1 is high.
This allows the microcontroller (in the
Ignition Timing Module) to recognise
which switch is closed.

The LCD is driven using data lines
DB7-DB4. The display readings are
entered via the data lines and are
controlled via the EN and RS (Enable
and Register Select) inputs.

Note that the data lines and the EN
& RS lines are all connected to ground
via 330Q resistors. These resistors
allow the LCD module to be driven
without the signals being corrupted by
interference from the car’s ignition.

Finally, trimpot VR1 is used to ad-
just the display contrast.

Construction

OK, that completes the circuit
description. Let's now build all the
modules for the unit.

As shown in the accompanying
diagrams, the Programmable Ignition
system is built on three PC boards
— one for the Programmable Ignition
Timing Module (code 05104071, 103 x
82mm); one for the Ignition Coil Driver
Module (code 05104072, 40 x 39mm);
and one for the LCD Hand Control-
ler (code 05104073, 115 x B65mm).
The Programmable Ignition Timing
Module board is housed in a diecast
aluminium case measuring 119 x 93 x
57mm, while the Ignition Coil Driver
board goes into a much smaller diecast
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Fig.7: the circuit for the LCD Hand Controller is quite simple. It uses 10 switches, an LCD module, a 4017 counter
(IC1), a DB25 socket, a 10uF capacitor and a few resistors. Trimpot VR1 sets the display contrasl.

case measuring 51 x 51 x 32mm.

The L.CD Hand Controller board goes
into a 120 x 70 x 30mm plastic case
with a clear lid.

Before installing any parts, check
each PC board for etching defects by
comparing it against a printout of its
pattern (you can download the rel-
evant board files from the SiLicon CHip
website). Check also that all the holes
have been drilled and that the hole
sizes for the larger parts are correct.

Ignition timing module

There are six different component
layouts for this board, one for each
different trigger input. It’s just a matter
of choosing the one that's applicable
to your car.

For example, il your car has a re-
luctor distributor, follow the reluctor
version overlay diagram - see Fig.10.
Similarly, if it has a Hall effect or
Lumenition pickup module, use the
layout of Fig.11, etc.

It's not difficult to recognise the
different sensor types. Reluctor dis-

siliconchip.com.au

tributors have a coil and a magnetic
ring that has as many points (or pro-
trusions) as the number of engine
cvlinders. By contrast, Hall effect
distributors include a metal vane that
passes through a gap in the Hall sensor
itself. Lumenition triggers are similar
to Hall effect sensors and so the overlay
diagrams for these trigger types are the
same — see Fig.9.

Start construction by installing PC
stakes at the external wiring points,
then solder in all the wire links. That
done, install the resistors, using Table
| as a guide to select the values. In ad-
dition. it's also a good idea to check
each resistor using a digital multimeter
(DMM) to make sure you have the cor-
rect resistor for each position.

Next, install the 1C socket for the
microcontroller, making sure that it’s
oriented with its notch at the lefthand
end, as shown. Don'tinstall the micro-
controller (1C1) at this stage though
— that step comes later.

Diode D1 and TVS1 are next on the
list. Note that D1 must be oriented as

shown, while TVS1 can be installed
either way around. Follow these with
the transistor(s) and REG1, taking care
to ensure that these parts are oriented
correctly.

Trimpot VR1 should now be in-
stalled if you are building the reluctor
version (Fig.10). It should be oriented
with its adjusting screw to the left.

The link headers for LK1 and LK2
can be installed now. LK1 is a 3-way
header while LK2 is a 2-way header.
Place a jumper shunt over two of the
three pins for LK1 and another jumper
shunt onto both pins for LK2.

Now for the capacitors. Several
types are used on the board: ceramic,
MKT and electrolytic. The ceramic ca-
pacitors are all shown on the overlays
in yellow, so that you don’t get them
confused with the MKT types. Be sure
to orient each electrolytic capacitor
with the polarity shown.

Once the capacitors are all in, in-
stall the crystal (X1). Note that the
crystal’s metal case is earthed using a
short wire link. This link is soldered
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Fig.8: this is the points version. Secure all wiring leads to the bo
connections to the PC stakes with heatshrink tubing or silicone, to prevent them coming loose.
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Fig.9: the engine management trigger version requires no additional input conditioning circuitry. In this
case, the ECU trigger signal goes straight to pin 6 of IC1 via a 2.2kQ resistor.

to the case and runs to a pad on the PC
board between the two 22pF ceramic
capacitors,

Sensym pressure sensor

If you are using the Sensym absolute
pressure sensor (eg, if you car doesn’t
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already have a MAP sensor or you are
not using a seconhand MAP sensor),
then this can be installed now. Note
the orientation notch on the sensor
— this goes towards the righthand edge
of the PC board. If you get the Sensym
sensor’s orientation wrong, it will not

be powered but no damage will result
from doing this.

Inductors

Inductors L1 & L2 are next on the
list. First, L2 is made by passing
a 0.7mm tinned copper wire link
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Fig.10: follow this parts layout diagram if your car’s distributor has a reluctor pickup. The Sensym pressure
sensor is used only if there is no external MAP sensor (applies to all versions).
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Fig.11: this is the layout to follow if the distributor uses a Hall Effect device or a Lumenition module. Take
care with component orientation during assembly.

through three ferrite beads. A length
of the 4mm heatshrink tubing is then
slid over the three cores and shrunk
down to hold everything in place, after
which the assembly can be soldered
to the board.

Inductor L1 is much larger. It's
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made by winding 23 turns of 0.5mm
enamelled copper wire through a 15
x 8 x 6.5mm powdered-iron toroidal
core. These turns should be evenly
spaced around the core, as shown
on the overlays. That done, the wire
ends are stripped of insulation and

soldered to the PC pads. The toroid is
then secured to t he board using two
plastic cable ties,

Finally, the DB25 socket can be
installed in position. Before doing
this though, two D-connector nut
extenders must to be attached to the
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Fig.12: build this version if your distributor has been fitted with a Crane optical pickup. Make sure that
inductor L1 is firmly secured, to ensure reliability (all versions).
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Fig.13: the Piranha optical pickup version is almost identical to the Crane version but note the different
locations for the 22k() and 12042 resistors.

PC board. These are simply passed
through their two mounting holes and
secured using spring washers and nuts
on the underside of the board. In ad-
dition, the righthand extender is fitted
with a Nylon washer to prevent the
spring washer and nut from shorting
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to nearby tracks. Don’t leave this
washer out!

By contrast, the lefthand extender
makes contact with the ground track
on the PC board, so that the shell
of the socket is earthed when it is
installed. That way, when the DB25

lead is connected, its shield will also
be earthed.

The DB25 socket can now be se-
cured in place using a second set of
nut extenders and its pins soldered to
the PC pads. Note that you may need
to cut down the extender threads so
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INVERTING THE OUTPUT FOR POSITIVE EDGE FIRING

Fig.14: these diagrams show the modificalions required to
invert the output from the Ignition Timing Module.
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the nuts sit flush with the socket’s
mounting flange.

Inverting the output

In normal operation, the RB3 output
from the Programmable Ignition Timer
Module goes high in order to'turn on
transistor Q1 (via Q3 & Q2] in the Ig-
nition Coil Driver. This in turn allows
current to flow through the primary
of the coil.

Conversely, when RB3 goes low, Q1
switches off, the current through the
coil is interrupted and the coil “fires”
the relevant spark plug. So a low-going
signal at the Ignition Timing Module's
output normally causes the Ignition
Coil Driver to fire a plug via the coil.

Timing Module to a different ignition
coil driver.

In this case, an inverted output can
be provided using the tachometer
driver transistor (Q4). The necessary
changes to the circuit and to the PC
board layout are shown in Fig.14. The
only extra parts requived are a 2200
resistor and some tinned copper wire
for the link.

Housing

Having completed the hoard assem-
bly. the next step is to install it in its
metal diecast case. Fig.15 shows the
assembly details.

The first step is to position the
board inside the case and mark out

You will also have to drill a hole in
one end of the box to accept a cable
gland for the various external leads
(ie, +12V lead, trigger signal leads and
signal output lead). An additional hole
for a second cable gland will also be
required if you are using an external
MAP sensor (see Fig.15).

Next, a 3mm hole must be drilled
through the side of the box adjacent to
the GND (0V) PC stake. This mount-
ing hole is used to terminate an earth
wire from the PC board via a crimped
eyelet connector. A second wire ter-
minated in an eyelet connector is also

Tablel2Capacitoleotes

However, there may be some ap- its four mounting holes. That done,
plications where the output from the  remove the PC board and drill the Value pF code IEC Code EIA Code
Programmable Ignition Timing Mod-  mounting holes to 3mm. Deburr each 220nF 0.22uF 220n 224
ule needs to be inverted; ie, so that  hole using an oversize drill bit, then 100nF O0.1uF  100n 104
a low output “charges” the coil and  secure a 6mm-long tapped spacer to i0nF  .01pF 10n 103
a high-going output causes the plug each mounting point using an M3 x 2.2nF .0022uF 2n2 292
to fire. This may be the case if you 15mm screw inserted from the outside inF  .001uF  1n0 102
connect the Programmable Ignition  of the case. 470pF NA  470p 471
; 22pF NA 22p 22
yEiResistofColouCodes

a No. Value 4-Band Code (1%) 5-Band Code (1%)

Q 2 100kC2 brown black yellow brown brown black black orange brown

Q 3 47kE2 yellow violet orange brown yellow violet black red brown

a 1 22KkE2 red red orange brown red red black red brown

(] 7 10kE2 brown black orange brown brown black black red brown

(8 2 2.2k02 red red red brown red red black brown brown

Qa 1 1.8k€2 brown grey red brown brown grey black brown brown

o 1 1.2k brown red red brown brown red black brown brown

J 3 1ke2 brown black red brown brown black black brown brown

& 2 4700 yellow violet brown brown yellow violet black black brown

a 1 12002 brown red brown brown brown red black black brown

Q 1 100£2 brown black brown brown brown black black black brown
| | 9 100 brown black black brown brown black black gold brown
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Fig.15: this diagram shows the final assembly and external wiring details for the Ignition Timing Module. Note how
the 0V (ground) rail on the PC board is connected to one side of the case, with a lead then run from this point to the
vehicle's chassis. Use cable ties to help secure the leads, both inside and outside the case.

Note that this is an early Silicon Chip prototype, that has
only one cable gland fitted. o
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This view shows the assembled PC board for the Ignition Timing Module with
the optional internal Sensym MAP sensor fitted (ie, when there is no existing
external MAP sensor or you are not using a secondhand MAP sensor). Make
sure that the unit is ruggedly built (ie, so that no leads can come adrift).
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attached to the outside of the case to
make the chassis connection, with
the entire assembly secured using a
M3 x 9mm screw, nut and star washer
—see Fig.15.
Another 3mm hole is drilled to al-
( 1e metal tab of regulator REG1 to
be'secured to the case using two M3 x
15mm tapped metal spacers. This ar-
rangement serves a dual purpose: (1)
it mechanically secures the regulator
to prevent its from breaking; and (2)
it provides heatsinking for the regula-
tor tab.

The two spacers are secured to
REG1’s tab using an M3 x 20mm screw,
while an M3 x 9mm screw secured the
spacers to the side of the case.

Note that star washers must be used
under each screw head, to prevent the
assembly from shaking loose.

Hose adapter

If you are using the on-board Sen-
sym pressure sensor, then a hose
connection will be required from the
sensor to a chassis-mount flange (or
through-piece) on the side of the box.
This piece serves as both an anchor
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Details for some MAP sensor pin outs can be found here too:
www.diy-efi.org/gmecm/component_info/sensors.html

N ORDER TO utilise the vacuum advance

feature provided by the Programmable
Ignition System, some means of monitor-
ing manifold pressure is required.

There are several options available
here. The simplest option is to use the
MAP (manifold air pressure) sensor
that's already installed on your car (if it
has one). This sensor would normally be
used to detect manifold pressure for the
car's own Engine Management Unit, to
control the timing.

Ifyour car does not have a MAP sensor,
then you can easily obtain one to do the
job. There are different sensors to suit
normally aspirated engines and to suit
turbocharged engines.

Normally aspirated engines do not
boaost the air pressure for the fuel mixture
and so a 1-bar (one atmosphere, 100kPa

ManiificldirressuieRSenso Mo ptions

or 15psi) sensor is all that is required.
These sensors measure the air pressure
compared to a vacuum and output a volt-
age close to 4V for atmospheric pressures
and close to OV for a vacuum.

Turbo engines boost the air pressure
above atmospheric and consequentlya 1-
bar sensor is inadequate. This is because
the output from a 1-bar sensor would not
change for pressures above 1-bar. There
is also a possibility that the sensor could
be damaged if the pressure went too far
beyond its rating.

In this case, a 2-bar sensor should be
adequate for most applications. However,
if the boost is greater than 2-bar, a 3-bar
sensor will be required instead.

One option is to use an on-board Sen-
sym sensor that covers from 0-1 bar or
from 0-2 bar, as specified in the parts list.

This device is best used at temperatures
ranging from 0-85°C and so the Program-
mable Ignition Timing Module should be
mounted inside the cabin rather than in
the engine bay.

Alternatively, most automotive wreck-
ers can sell you a MAP sensor quite
cheaply. These are available from various
models of Holden, Honda, Toyota, Subaru
and others. Details of the Holden type
1-bar, 2-bar and 3-bar MAP sensors and
the Motorola 2.5-bar MAP sensor are
available at this web site:
http://www.pgmfi.org/twiki/bin/view/Li-
brary/MapSensor

Typically, the 1-bar Holden sensors are
designated with a 039, 460 or 883 code.
2-bar sensors have a 886, 012, 539 or
609 code and 3-bar sensors have a 749
code. The A, B and C labels refer to the
positioning of the Ground, Signal and
+5V terminals.

point and as a 3mm-to-5mm adapter.

This is necessary because the sen-
sor's hose connection is 3mm in dia-
meter while a standard automotive
vacuum tube requires (at least) a 5mm
fitting to enable it to stay in place
without air leaks.

A 15mm round brass spacer is used
as the adapter, The 3mm-diameter
hose from the sensor is pushed inside
the spacerat one end (ie. the end inside
the case), while the external vacuum
tube is fitted over the spacer at the
other end (outside the case).

Note that it will be necessary to en-
large the hole at one end of the spacer
slightly to accept the 3mm (ID) hose.
Silicone sealant can be used later,
when fitting the hoses, lo ensure that

IG;JIIFZISN :_:l_u }},—,ﬁl
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~ ZD1-ZD4

" RESISTOR FOR OTHER
APPLICATIONS - SEE FIG.21)

s INPUT

i WIRING FOR NORMAL NEGATIVE-EDGE FIRING

Fig.17: this is the parts layout for the Ignition Trigger
Module. Note the different orientations for Z1D1-ZD4.

the connections are air-tight.

Fig.16 shows how the adapter is
fitted. First, a brass nut is soldered to
one end of the adapter, after which
the adapter is pushed through a 5mm
hole in the side of the case. It is then
clamped in position using a 20mm
0D washer and a couple of M3 x 6mm
machine screws thal go into tapped
holes in the washer (or you could use
M2 x 10mm screws and nuts).

Alternatively, you can do away with
the adapter altogether and pack the
inlet on the Sensvm sensor out with
several layers of heatshrink tubing so
that the 5Smm hose is a tight fit. That
way, the 5mm (1D) vacuum hose that
runs to the engine manifold can simply
pass through a hole in the case and

Q1 MOUNTED
UNDER PC BOARD,
BOLTED TO INSIDE

OF BOX UD

LINK [NOTE: USE A

TO IGNITION
COIL NEGATIVE

GROUND

S (CHASSIS)

The metal tab of the Darlington transistor (Q1)
must be insulated from the case using a TO-218
insulating washer and a Nylon screw and nut.

Smm ID NUT SOLDERED
TO END OF SPACER
\

& Bmm ID)

Fig.16: a simple adapter made
from a brass spacer can be used
to connect the 3mm outlet on
the Sensym pressure sensor to a
standard 5mm vacuum hose.
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10mm LONG NYLON

Fig.18: final assembly and external wiring details for the Ignition Coil
Driver. After assembly, use a multimeter (set to a low ohms range) to
confirm that the metal tab of Darlington transistor Q1 is properly isolated

- ie, it must not be shorted to the case.

This is the view
inside the Coil Driver
Module. Note the
use of a separate
cable gland for the
trigger input lead. As
with the timing
module, this unit
must be ruggedly
built to ensure
reliability.
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go straight to the Sensym pressure
SENSOor.
As before, silicone sealant can be

used to ensure an airtight fit but be

careful not to block the sensor inlet
with the sealant.

Once all the holes have been drilled
in the case, the PC board can be fitted
and the assembly completed as shown
in Fig.15. Be sure to use automotive
wiring for all external connections.
These leads should all be secured us-
ing cable ties and the connections to
the PC stakes covered with heatshrink
tubing. This is necessary to prevent
the leads from vibrating and coming
adrift.

Wiring the pressure sensor

There are three options when it
comes to wiring the pressure sensor:
(1) If you are using an existing MAP
sensor, connect the signal lead only.
DO NOT connect the +5V and 0V
supply leads (the sensor will already
have supply connections).

(2) If you are using an external (eg,
secondhand) MAP sensor that you've
added to the vehicle, then connect all
three leads (ie, signal, +5V and 0V).
(3) If you are using the on-board Sen-
sym sensor, do not make any external
connections (the second cable gland
can be deleted).

Ignition Coil Driver

Fig.17 shows the assembly details
for this small PC board.

Begin by installing the wire link,
then install the 1.2kQ and 470Q resis-
tors. The 100Q 5W resistor can then
go in — it should be mounted all the
way down onto the PC board, so that it
cannot vibrate and break its leads.

Zener diodes ZD1-ZD4 are next
on the list. Be sure to orient them as
shown (two face in one direction and
two in the other, so take care here).
Follow these with transistors Q2 & Q3
and the 1nF ceramic capacitor.

Transistor Q1 is mounted on the
underside of the PC board. This de-
vice is installed with its leads bent up
through 90°, so that they go through
matching holes in the PC board from
the track side (ie, the metal tab of the
device faces away from the board - see
photo).

Push the leads through their holes
until the metal tab is exactly 6mm
below the underside of the PC board,
then lightly solder one of the leads.
This will allow you to make any adjust-
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; Don't use this hole.
| Avoid possible damage to the SMD resistor
| on the back of the LCD module.

330080
ARRAY LCD MODULE

. ‘a

o COMMON TERMINAL

e END FOR BAEAD ARRAY

- ,/

T

y
21 COMMON TERMINAL

_..— END FOR 104EAD ARRAY

DB25 SOCKET

L A R A

Fig.19: the LCD Hand Controller PC board is easy to assemble. Install the three links
frst and note that the switches, IC and 10uF electrolytic capacitor are polarised. The
LCD is connected via a 14-way DIL pin header.

Nylon Screw

Metal Screws

Nylon Screw

The PC board mounts inside the case on four M3 x 12mm
spacers as shown in Fig.19. Note how the 10mF capacitor is
mounted on its side, so that it clears the front panel.

ments as necessary before completing
the soldering.

Finally, complete the board assem-
bly by installing PC stakes at the four
external wiring poinls.

Once completed. the Ignition Coil
Driver PC board can be installed in its
diecast case — see Fig.18. As shown,

the board in mounted on the lid of

the case on 6mm tapped spacers and
secured using M3 x 15mm screws, nuts
and star washers. Transistor Q1 (on the
underside of the board) is fastened to
the lid for heatsinking.

The first step is to mark out all the
mounting holes on the lid. Drill these
holes to 3mm, then carefully deburr
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them using an oversize drill. In par-
ticular, make sure that Q1's mounting
hole is perfectly smooth and free of
any metal swarf that could puncture
its insulating washer.

Note too that Q1's mounting hale
should be chamfered (use an oversize
drill bit). This is necessary to avoid
sharp edges around the circumfer-
ence of the hole. to prevent arcing
through the insulating washer (due
to the high voltages present on the
transistor tab).

Once the holes have been “cleaned
up”, fit the four tapped spacers to the
board mounting positions and secure
them using the M3 x 15mm screws.

l
S

That done, install transistor Q1’s
Nylon mounting screw and insulating
washer (see photo}, then slip the board
into position and secure it using M3
nuts and star washers.

Don't leave the star washers out
— they are necessary to ensure that
the nuts don't shake loose due to
vibration.

Transistor Q1 can now be secured
by installing its nut and tightening the
Nylon screw (use a pair of needle-nose
pliers to hold the nut in position while
you “start” the screw). Finally, use
your multimeter (set to a low ochms
range) to confirm that Q1's metal tab
is indeed electrically isolated from
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Don't use this hole.

Avoid possible damage to the SMD resistor
on the back of the LCD module.

ivs
. d’g A
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DB25 SOCKET

sensane
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Nylon Screw

Fig.19: the LCD Hand Controller PC board is easy to assemble. Install the three links
frst and note that the switches, IC and 10uF electrolytic capacitor are polarised. The
LCD is connected via a 14-way DIL pin header.

Metal Screws

The PC board mounts inside the case on four M3 x 12mm
spacers as shown in Fig.19. Note how the 10mF capacitor is
mounted on its side, so that it clears the front panel.

Nylon Screw

ments as necessary before completing
the soldering.

Finally, complete the board assem-
bly by installing PC stakes at the four
external wiring points.

Once completed, the Ignition Coil
Driver PC board can be installed in its
diecast case — see Fig.18. As shown,
the board in mounted on the lid of
the case on 6mm tapped spacers and
secured using M3 x 15mm screws, nuts
and slar washers. Transistor Q1 (on the
underside of the board) is fastened to
the lid for heatsinking.

The first step is to mark out all the
mounting holes on the lid. Drill these
holes to 3mm, then carefully deburr
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them using an oversize drill. In par-
ticular, make sure that Q1’s mounting
hole is perfectly smooth and free of
any metal swarf that could puncture
its insulating washer.

Note too that Q1's mounting hole
should be chamfered (use an oversize
drill bit). This is necessary to avoid
sharp edges around the circumfer-
ence of the hole, to prevent arcing
through the insulating washer (due
to the high voltages present on the
transistor tab).

Once the holes have been “cleaned
up”, fit the four tapped spacers to the
board mounting positions and secure
them using the M3 x 15mm screws.

That done, install transistor Q1’s
Nylon mounting screw and insulating
washer (see photo), then slip the board
into position and secure it using M3
nuts and star washers.

Don’t leave the star washers out
— they are necessary to ensure that
the nuts don't shake loose due to
vibration.

Transistor Q1 can now be secured
by installing its nut and tightening the
Nylon screw (use a pair of needle-nose
pliers to hold the nut in position while
you “start” the screw). Finally, use
your multimeter (set to a low ohms
range) to confirm that Q1’s metal tab
is indeed electrically isolated from
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DASTRIBUTOR
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o
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Q1
BU941P OR
MIH10012

INPUT

MODIFIED IGNITION COIL DRIVER [TO INVERT THE FIRING SENSE)
Fig.21: this modified Ignition Coil Driver circuil can be used to “fire” a
plug when the inpul signal goes high.

é Fig.22: this is the
modified parts

: layout. Use a

1 ,—— RESISTOR R1 4700 resistor

+12vY ==,
IGNMON | * i/

= {SEE TEXT) for R1 for a 5V
l?\?vﬂ Li I BH Ul ToioNmon  input signal and
= | i eSS COILNEGATVE  a 1.2kQ resistor
B Q2 ” i IS for a 12V input
s N\ N\ 1 i signal.
l 4] - ! GROUND
= . [CHASSls)

Q3 REPLACED BY LINK-
MODIFIED WIRING FOR POSITIVE-EDGE FIRING

THE IGNITION COIL DRIVER can be used on its own for other applications:
eg, as a replacement coil driver in an existing system. However, in some
cases, it may be necessary to change the “trigger sense" of the circuit.

The standard set-up has the coil “charging” when the input signal is high
and then “firing" a plug on a negative edge input signal. To invert this level
sense, transistor Q3 and the 1.2k(2 resistor are deleted and a link installed
between the pads normally used for Q3's base and collector leads.

This effectively bypasses Q3 and the input now drives Q2 via a base
resistor (R1) — see Fig.21. Fig.22 shows the revised parts layout for the PC
board. Use a 470 resistor for R1 when it is driven by a 5V input signal and
a 1.2kQ resistor when driven from a 12V signal.

With this arrangement, the coil “charges” when the input signal is low and
“fires” a plug when the signal goes high.
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modifications. That earlier circuit is
identical to the one described here
except that it didn't include the six
3302 terminating resistors.

This means that all you have to do
is add these six resistors between the
relevant pins on the LCD module (pins
4,6,11,12,13 & 14) and ground. These
will have to be mounted on the track
side of the PC board. The ground con-
nections are best made at pins 7-10 of
the LCD module.

Testing

OK, now for the smoke test, starting
with the Programmable Ignition Tim-
ing Module.

First, apply +12V to the supply
input and connect the case to the 0V
rail. That done, use your multimeter to
check that there is 5V (0.1V) between
pins 14 & 5 of IC1's socket. If this is cor-
rect, switch offand install IC1, making
sure it is correctly oriented.

Next, connect the RS-232 DB25 lead
between the Programmable Ignition
Timing Module and the LCD Hand
Controller and apply power. You
should be greeted with some charac-
ters on the LCD. If there are none, or
if the display is faint or the contrast
is poor, adjust VR1 on the LCD Hand
Controller board for best results.

If there is still no display, recheck
the parts placement on both PC board
assemnblies. Check also that the DB25
cable is correct — each pin should be
connected through to the same socket
pin on the opposite end of the lead.

Assuming all is well, the display
shown on the LCD will depend on
the position of jumper shunt LK1.
Remember that the Settings position
will show the settings mode (used
when changing parameters), while
the Timing position will show the
RPM and Load site values against the
timing values.

The initial timing values are all set
to 0° advance. Check that you can
change the values using the switches
on the LCD Hand Controller.

Converting your distributor

Finally, note that if you have a dis-
tributor with points, you can convert
it to a Hall effect pick-up instead, to
make it maintenance-free. The details
on how to do this were published in
our January 2006 issue.

That all for this instalment. Next
month, we will describe how the unit
is set up and installed in a car. sC
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Programmable
Ignition System

for Cars. Pt3
by John Clarke

In Pt2 | we described how to build all the
modules that comprise the Programmable
Ignition System. This month, we describe the
installation and setting up procedures and
show you how to plot the ignition timing.

A S MENTIONED in Pt.1, the Pro-

grammable Ignition System can

either be used as a complete ignition
system or as an interceptor.

Whether it behaves as an intercep-
tor or not depends on the input signal
that's applied to the unit. In most
cars, the ignition system will already
provide ignition advance with respect
to RPM and engine load. This applies
not only to cars that have full or partial
engine management but also to older
cars that simply have mechanical RPM
and vacuum advance systems.

When used as an interceptor, the
Programmable Ignition simply modi-
fies the existing ignition timing. By
contrast, when it’s used as a complete
ignition system, we dispense with any
existing timing system that may exist
and re-map the timing using the Pro-
grammable Ignition Timing Module.

If you intend using the unit as an
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interceptor, then there’s no real need
to know what the engine’s existing
timing map is for RPM and engine
load. That’s because we are simply
using the unit to modify the existing
timing values at various engine RPM
and load sites.

Why would you want to do this?
Well, you may want to advance the
timing at some sites to gain power
and/or retard the timing to prevent
detonation (ping) at certain trouble
spots within the RPM and engine
load map.

Note that although the original tim-
ing curve does not have to be known
for interception, you do need to know
the RPM and engine load range. This
is necessary to ensure that the full
mapping range is utilised with the
Programmable Ignition System (more
on this later).

Conversely, if the unit is used as a re-

Warning!

Programming an incorrect timing
map into the Ignition Timing Module
could resultin serious engine damage.
Do NOT modify your car by fitting this
device unless you know exactly what
you are doing.

Also, be sure to install this ignition
system in a manner that does not
compromise safety. It must be rug-
gedly built and correctly installed to
ensure that no leads or components
can come adrift,

Finally, make sure that the device
does not compromise the operation
of other systems controlled by an
existing engine management unit —eg,
ABS, traction control, stability control,
air-bag control, etc.

placement ignition, it will be easier to
program in a timing map if the original
engine timing is known. That way, the
Programmable Ignition can initially
duplicate the original timing which
can then be adjusted as necessary in a
similar manner to an interceptor — eg,
to extract better performance and/or to
prevent detonation.
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In some cases, full timing informa-
tion will be available from the car’s
manufacturer or from a workshop
manual. Usually, however, there will
be no information available.

The solution is to actually measure
the timing advance against changes in
RPM and engine load. This is easy to
do in cars with a mechanical vacuum
advance mechanism, as this operates
independently of engine RPM.

Plotting the timing values in cars
that use engine mapping and a MAP
sensor for vacuum measurement is
only slightly more difficult. 1t's done
by externally altering the pressure sent
to the MAP sensor or actuator. The
exact procedure is described in the
panel headed “Plotting The Original
Ignition Timing Values™.

Cars that utilise Mass Air Flow
(MAF) sensing of engine load are much
more difficult when it comes to map-
ping ignition advance. That's because
the engine will have to be run with
varying degrees of load throughout
the RPM range and this can only be
achieved on a dynamometer.

Interceptor or replacement?

Note that the Programmable Igni-
tion System should be used only as
an interceptor on cars that already
have an engine management system.
That’s because the manufacturer’s tim-
ing map will have been carefully de-
signed for your engine. Furthermore,
the timing would have been mapped
against air inlet temperature, engine
temperatlure and the air-fuel ratio to
provide the best performance in all
conditions.

By using the Programmable Ignition
System only as an interceptor in such
cars, the original timing variations ac-
cording to fuel ratio. temperature. RPM
and load will be retained.

By contrast, we do advocate using
the Programmable Ignition System as
a complete replacement in older cars
and Go-carts and on engines that do
not currently include RPM or vacuum
advance.

Many old cars provide both RPM
and vacuum advance by mechani-
cal means. Because of their age, the
RPM advance system is now likely to
be worn and sticky in its operation,
while the vacuum actuator will often
be leaky or may have failed altogether.
Mast drivers do not notice ifa vacuum
actuator has failed because when it
fails, it remains at the maximum en-
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In some cars, when using the Pro-
grammable Ignition, you may find that
the ignition trigger exhibits a type of
stiction effect, with the timing initially
failing to advance from about 0-5°. This
effect is due to the coil firing just before
the trigger signal (due to the advance
setting) and the resulting high-tension
signal within the distributor then inter-
fering with the normal operation of the
trigger sensor.

Reluctor triggers are the most likely
to be affected in this way. Hall Effect,
optical, engine management and points
triggers are unlikely to be affected.

In some cases the effect may be di-
alled out by careful adjustment of VR1.
Also, make sure the high-tension lead
and the reluctor leads are spaced well
apart and only intersect at right angles
if they do need to cross.

If this does not solve the problem then

Timing Problems With Reluetor THggers

you can avoid programming low values
of advance into the Programmable
Ignition. This can be done in one of two
ways. First, the static timing can be set
to say 10° of retard (eg, —10°) so that
you need at least 10° of advance from
the Programmable Ignition to get 0°
timing. Of course, the entire timing map
would have to be changed to include this
extra 10° for all values.

An alternative method is to set
the static timing to greater than the
maximum amount of advance in the
timing map. This value would then be
subtracted from required timing value
for each map site in order to determine
the retard setting required for each site
in the Programmable Ignition.

For example, if the static timing is
+40° and the timing map value is 22°,
the programmable ignition map setting
would be -18° (22° - 40° = -18°).

gine load position. As a result, power
under load is retained.

Our experience

During our tests, we eliminated the
original mechanical KPM and vacuum
advance systems in a 1988 Ford Telstar
and used the Programmable Ignition
System to provide the timing advance
instead. As a result, the engine be-
came far more responsive to throttle
changes and was more willing to rev
than before.

There are a couple of reasons for
this improved performance. First, the
flying weight system in the distributor
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that provides RPM advance is fairly
sluggish to respond to RPM changes.
By contrast, the Programmable Igni-
tion System provides “instantaneous”
changes to the timing map.
Similarly, the vacuum actuator that
moves the distributor’s trigger firing
point is slow to respond compared to
using a pressure (or MAP) sensor with
the Programmable Ignition System,

Installation

Typically, the Ignition Timing Mod-
ule is best mounted inside the cabin
of the car; eg, somewhere under the
dashboard. This allows the Hand Con-
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T'S QUITE EASY to plot the timing

advance values for an existing ignition
system by using a timing light. In fact,
there are several ways to go about this.

Typically, most cars only provide timing
marks that show Top Dead Centre (TDC)
and up to about 10° or 12° before TDC
using a scale on the engine block. These
marks are ideal for setting up the ignition
timing at idle but are not sufficient to
measure advance at higher RPM values.
This is because the advance will go beyond
the 10° or 12° timing mark.

One way round this is to make up an
extended timing scale to directly indicate
the advance at higher RPM values. Another
option is to use a timing light that includes
advance adjustment.

Yet another option is to use the Pro-
grammable Ignition System and a spare
ignition coil and spark plug. This system
can shift the timing light’s stroboscopic
flashing so that it is delayed by as many
degrees as the advance. That way, you can

use the existing engine timing marks.

Fig.23 shows how to set this system
up. Note that the coil shown here is not
the ignition coil used in the car but a
separate one that independently fires the
timing light. If you do not have a spare coil,
they are readily available from automotive
wreckers or you could temporarily borrow
one from another car (just about any single
output ignition coil can be used).

The spark plug is necessary to provide
a spark gap for the coil to discharge. This
isimportant because if the coil's high ten-
sion output is left open, there is the risk
that the coil will internally breakdown and
suffer permanent damage.

The Ignition Timing Module takes its
signal from the car's trigger sensor or
existing ECU output but note that this
signal must include the timing advance
(not always the case with trigger sensor
information). If the trigger signal does not
include the timing advance, then be sure
to use the output from the ECU.

Before actually plotting out the timing
values, there are a number of adjustments
that must first be made to the Ignition
Timing Module, as follows:

Reluctor adjustment

If your car uses a reluctor pick-up, then
VR1 (on the Ignition Timing Module) must
first be adjusted. Begin by setting VR1 fully
clockwise and measure the voltage at pin
6 of IC1. If the voltage is close to 0V, wind
VR1 anticlockwise several turns until the
voltage at pin 6 of IC1 goes to +5V. When
it does, wind VR1 anticlockwise about two
turns more and leave it at this setting.

It the voltage at pin 6 of IC1 is +5V
when VR1 is wound fully clockwise, then
rotate VR1 fully anticlockwise and wind it
clockwise until the voltage goes to +5V. As
before, wind VR1 on by an extra two turns
(clockwise this time).

Initial settings
Now for the programmed settings.

TO ORIGINAL
IGNITION SYSTEM
IN CAR

TRIGGER SIGNAL IN| PROGRAMMABLE |our IN IGNITION

. WITH TMING ~ IGNITION DRIVER
Fig.23: here's how to set :
the system up with a © HAND -
timing light and a spare CONTROINEN
ignition coil to map the : i

ignition timing.

troller to be easily attached and used
while someone else does the driving
(this should be done on a racetrack or
some other closed road).

It is also best to mount the Ignition
Timing Module in the cabin if the
Sensym pressure sensor is used. This
helps keep the sensor cool.

Alternatively, the Ignition Timing
Module can be mounted in the engine
bay if you cannot find room for it in

76 SILICON CHIP

the cabin. Make sure it is well away
from the exhaust manifold though, to
prevent excessive heat exposure. It can
be mounted using suitable brackets to
the chassis.

The big disadvantage of mounting
the unit in the engine bay is that it
is much harder to connect the Hand
Controller for driving. In some cases,
it may be possible to feed the con-
necting lead through a window and

under the rear of the (closed) bonnet.
Alternatively, it may be possible to
temporarily feed the connecting lead
through the firewall (not so easy) or
through an air vent (easier).

Note that the lid of the Ignition Tim-
ing Module must be left off when the
Hand Controller is connected. This
also allows jumper LK1 to be easily
changed, to select either the settings
or timing display modes. Note that

siliconchip.com.au



Here's the step-by-step procedure:

(1) Install jumper LK1 in the settings
position.

(2) Set the number of cylinders for your
car, the edge sense to HIGH and the diag-
nostic setting to “No Interpolation”.

(3) Set the dwell to Oms and set the oscil-
lator to ON.

(4) Increase the dwell value until the timing
light fires reliably. Note that the dwell value
does not change until the Up switch on the
Hand Controller is released.

(5) Move LK1 to the timing position and
press the Reset switch on the Hand Con-
troller so that all the timing values for the
selected map return to 0.

If you now start the engine and aim the
timing light at the flywheel timing marks
you should see the amount of advance. If
this does not seem correct, then change
the edge sense to low in the settings mode
(ie, temporarily move LK1 back to the set-
tings position). If the strobing is erratic, try
selecting the 2ms debounce option (again
found in the settings mode).

Note that with this strobe set-up, the
timing light will fire for every spark firing
rather than just for cylinder 1. This will
make the visible contrast of the timing
mark a little less than it otherwise would be.
You can compensate for this by dabbing
some white paint on the flywheel marker.

Checking the advance

Having gone through all these initial
adjustments, the next step is to disable any
vacuum advance by removing and plug-
ging the rubber hose that connects to the
vacuum advance pressure sensor (or MAP
sensor. The timing advance at idle should
be set according to the manufacturer's
specifications.

For the Ford Telstar, the initial timing is
6°BTC (before top centre) and this should
be indicated by aiming the timing light at
the timing marks. In this case, the Ignition
Timing Module can now be programmed
(using the Hand Controller) for a timing

RPMO Min RPM
_RPM Site RPM1
Loax
Min load LOAD1

LOAD4
LOADS
LOADS

LOAD10
Max load LOAD11 B

Table 1: this table shows the interpolated advance values vs RPM for the high
load site (in this case, LOAD11). These values are measured with the vacuum
advance line disconnected and plugged - see text.

advance of -6.0° (retard). When this is
done, the timing light should now show
the timing to be at exactly TDC on the
flywheel marks.

Plotting the RPM advance values from
here is straightforward. It's just a matter
of running the engine at specific RPM
values and adjusting the “retard” value
programmed into the Ignition Timing
Madule until the timing light shows TDC
in each case. The programmed values then
represent the timing advance (in degrees)
for each selected RPM value.

For example, let's say that the pro-
grammed value necessary for the timing
light to show TDC is -22° when the engine
is doing 3400 RPM. This simply means
that, in this particular case. the standard
ignition has a timing advance of 22° at that
engine speed.

OK, so how do we actually do this?
Simple — just select the timing display
mode (using LK1) and then select DIAG
so that the RPM is displayed. You can now
plot out the advance versus RPM values
by increasing the engine RPM in suitable
steps (eg, 1000 RPM) all the way to the red
line and adjusting the programmed retard
value so that the timing is shown at TDC.
Keep a record of these advance values as
you proceed.

This RPM versus timing advance is
generally the high-load map because the
vacuum advance line is disconnected
and plugged. However, it is not the high

RPM2 RPM3 RPM

load map for turbo-boosted engines (see
below).

The recorded timing information can
now be plotted out on a graph and the inter-
polated values transferred to the individual
RPM sites. This is done as follows:

(1) Decide whether you want the two 11x11
maps or the single 15x15 map and select
this in the settings mode.

(2) Select either 1° or 0.5° resolution.
(3) Set the Minimum RPM and Maximum
RPM values to suit the range of the engine.
The Minimum RPM value is simply the idle
speed, while the Maximum RPM value is
the engine red line. The idle speed can be
measured by setting the display to DIAG,
s0 that it shows RPM.

When setting the Maximum RPM, adjust
the RPM/SITE value so that the Maximum
RPM is at or just over the value required.
You can also adjust the Minimum RPM
setting if necessary (see Pt.1).

The Minimum RPM value becomes
the RPM1 site. The RPM step value for
each site is shown in the Maximum RPM
settings display. If this is 400 RPM, tor
example, then the RPM2 site will be 400
RPM higher than the Minimum RPM
setting. Similarly, the next RPM site will
be 400 RPM higher again and so on up
to the final RPM site which will be equal
to (or slightly higher than) the Maximum
RPM value.

You should now have a timing table

. . . continued next page

LK1 should be placed in the settings
position when the Hand Controller is
subsequently disconnected.

By contrast, the Ignition Coil Driver
must be mounted in the engine bay.
It can be secured to the chassis using
suitable brackets and should be lo-
cated close to the ignition coil. If you
are using a separate MAP sensor, then
this can be mounted on the firewall,

Make sure that there is a good con-
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nection between the metal cases of
both units and chassis. If necessary,
you can run separate earth leads to
sround (bolt them o the chassis via

crimp eyvelet connectors).

Once you've made the connections,
use vour multimeter (set to its chms
range) to confirm that the metal cases
are correctly grounded. You should get
a reading of zero ohms between each

metal case and ground.

Fig.15 in Pt.2 last month shows the
external wiring details. Note that all
wiring between the Ignition Timing
Module and the Ignition Coil Driver
should be run using automotive wire
and crimp automotive connectors.
Similarly, use automotive wire and
crimp connectors for the connections
to the ignition coil, the +12V supply
and to chassis.

The +12V supply should be taken
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TO MAP

that is similar to the one shown in Table
1. Note that we have included RPMO on
a different line because it is only there to
show that the advance setting remains the
same for RPM values below the Minimum
RPM site (RPM1).

Finally, you may wish to recheck the
advance values assigned to each RPM
site. For example, for the table shown, you
would recheck the advance at 1000, 1400,
1800, 2200, 2600, 3000, 3400, 3800,
4200, 4600 and 5000 RPM.

Vacuum advance

Having determined the RPM site ad-
vance values, you now need to plot the
LOAD values.

First, let's assume that you have a car

Fig.24: here’s how to check the LOAD values in a car with a mechanical
vacuum actuator. The syringe is used to vary the pressure.

witha mechanical vacuum actuator. In this
case, you will need a T-piece in order to
connect this existing vacuum actuator (via
a hose) to the MAP sensor used with the
Programmable Ignition System.

Note, however, that a T-piece is not
required if your car is fitted with an exist-
ing MAP sensor. In this case, the same
signal from the MAP sensor is used both
for the existing ignition and for the Ignition
Timing Module.

In either case, it will be necessary to
feed a MAP sensor signal to the Ignition
Timing Module. If you are using the Sen-
sym sensor, then a vacuum hose has to
be connected to this.

The T-piece does not have to be anything
too complex. You can buy these at an

automotive shop or make your own.

As shown in Fig.24, a syringe is used
to vary the pressure. However, be careful
not introduce excessive pressure into the
MAP sensor as it may be damaged.

For 1-bar sensors, the syringe should
be pressed all the way in before connect-
ing it to the vacuum hose. That way, you
can only “draw” a vacuum by pulling on
the syringe plunger (and not increase the
pressure). The maximum value is typically
around 200 but could be as high as 230
and is equivalent to a 4-4.5V output from
the sensor.

If you are using a 2-bar sensor, first
check the LOAD value at normal atmos-
pheric air pressure. At 2-bar, this value
will be about 100 greater. Do not increase
pressure above this increased value (ie,
the atmospheric plus 100 value).

In this case (ie, for a 2-bar sensor), the
syringe should be inserted into the hose
with the plunger set half-way down. If you
cannot get a sufficient pressure range with
this, then you will have to do the pressure
changes in two steps: (1) for vacuum,
insert the syringe when the plunger is fully
in and draw out the plunger for vacuum:
and (2) for boost pressure measurements,
insert the syringe nozzle into the hose with
the plunger fully drawn and apply boost
pressure by pressing on the plunger.

During this process, be sure to always
monitor the sensor output level by setting
the Hand Controller to DIAG mode (the
second line shows the pressure sensor
LOAD value). If the value stops increas-
ing as you apply more pressure, then
stop immediately. This indicates that you
have reached the maximum pressure that
the sensor can detect and any further
increases could damage it.

Plotting vacuum advance

Let's assume that your car uses a
vacuum actuator and you have made the
necessary vacuum hose connections using
the T-piece. The vacuum advance plot can

from the fusebox. Be sure to choose a

firewall (see photo. Alternatively, you
can use automotive cable.

Note that the MAP sensor must be
wired with the correct polarity so
double-check the wiring and voltages
before making the final connection
to the this sensor. If you are using an
existing MAP sensor, then you won't
need to make the supply connections,
since these will already be present (see
panel on page 73 last month).

connection point that delivers +12V
only when the ignition on. In addition,
make sure that this +12V rail DOES
NOT drop to 0V when the ignition
is switched to START, otherwise the
engine will never start.

In our case, we used twin-core
shielded cable to connect between
the Ignition Timing Module and an
external MAP sensor mounted on the
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A toggle switch will need to be

mounted on the dashboard if you want
to be able to select between two 11x11
maps. The wires for this are connected
to the S1 terminals on the Ignition Tim-
ing Module PC board. If you just want
one map (either an 11x11 or a 15x15),
then switch S1 is unnecessary.

Adjusting VR1

If you are using a reluctor pickup
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now be made at a fixed RPM setting that
coincides with an RPM load site value.

However, do not to choose the idle load
point because the engine RPM will alter
as vacuum advance is applied and you
need to be able to adjust the throttle to
maintain the fixed RPM setting. Choose
the RPM2 site value instead (1400 RPM
in our example).

It's now just a matter of plotting the RPM
advance against the pressure sensor LOAD
reading, as shown on the Hand Controller's
display. To vary the LOAD reading, just
vary the position of the syringe plunger. Be
sure to adjust the throttle to compensate
for pressure changes, to maintain engine
RPM at the RPM2 site value.

In practice, the vacuum advance value
will stop increasing beyond a certain min-
imum pressure value. This value should be
recorded as the minimum load. Similarly,
it will also cease changing at a certain
maximum pressure value and this should
be recorded as the maximum load value.
Enter these two values into the Minimum
LOAD and Maximum LOAD settings.

Remember that the maximum load
value can only be changed by increasing
the LOADS/SITE value. In our example
below, the LOADS/SITE value is 40 and
it ranges from a minimum of 151 (which
becomes LOAD1) through to a maximum
of 191 (LOAD11).

You can now insert the load timing
values into a table as shown in Table 2.

Note that the voltage output from elec-
tronic pressure sensors (including MAP
sensors) usually decreases with increasing
vacuum (lower pressure). This means that
the minimum load (maximum vacuum)
gives the lowest value on the DIAG display
and so this becomes the minimum load
site (LOAD1).

If, for some reasaon, the pressure read-
ings are reversed (ie, the value increases
with decreasing vacuum), then the load
site numbering will have to be reversed so
that the maximum load becomas LOAD1.

RPMO Min RPM

RPM Site RPM1 _RPM2 RPM3 RPM4 RPMS5 _RPMS RPMT _RPMS
1000 1400 - 1800 2200 - 2600

151
155
159
163 LOAD4

167 __ LOADS

171 LOADE

175 LOAD7

179 __LOADS

183 _ LOADS

187 LOAD10

191 LOAD11 B

Table 2: the LOAD site values are all made at a fixed RPM setting but do not
use the RPM1 value. Choose the RPM2 or RPM3 rev value instead.

RPWMO Min RPM

RPM Site RPM1 ___RPM2 RPM3 RPM4 RPM5 RPMS RPM7 RPM8 RPM9 RPM10__ RPMI11
2200 46

Load Site 00

Table 3: once you've complted Table 2, the rest of the table can be filled in by
adding or subtracting the RPM advance steps to the RPM2 LOAD site values.
This is the result for a 1988 2-litre Ford Telstar.

This is because the lowest value must be
entered as the minimum load site.

Completing the table

Because the vacuum actuator advance
system provides the same advance curve
at all RPM values, it's quite easy to com-
plete the table. In our examiple, the advance
increases by 1° for each decreasing LOAD
site. Table 3 shows the result.

MAP sensor

if your car has an existing MAP sen-
sor, then the load advance will have to be
plotted for each RPM site. The table then
may not have a consistent change between
LOAD sites but its value will be dependent
on the ignition mapping.

Programming

The Ignition Timing Module can now be
programmed with the timing map. This is

2600 3000 3400 3800 - 42

Max RFM

Max RPM

done using the VIEW setting, to enable
stepping through all the map sites.

Normally, the distributor would be ad-
justed so that the trigger sensor delivers
a firing signal at TDC and the timing map
entered on this basis. Alternatively, you can
set the distributor to deliver a firing signal
at a preset advance or retard value. The
entered advance values would need to be
adjusted to account for this initial advance
or retard setting of the distributor.

Make sure that the distributor’s rotor
is still within its range for firing with the
values set in the programmable ignition.
If you do not change the settings much
beyond the original ignition timing curve,
then the rotor will remain within range to
allow the spark to bridge the gap withinthe
distributor cap to fire the spark plugs.

Finally, don't forget to set the interpola-
tion back to “on” after plotting the ignition
timing.

to trigger the Ignition Timing Module,
the first thing to do is to adjust trimpot
VR1. That's done as set out in the ac-
companying panel headed “Plotting
The Original Ignition Timing Values”
(see text immediately following “Re-
luctor adjustment”).

If you have plotted the RPM advance
curve (see panel), then most of the
parameters within the Ignition Tim-
ing Module will have already been
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set. You will, however. need to set the
dwell for the ignition coil.

Conversely, if none of the param-
eters have been set, then you will have
to start from scratch. The various set-
tings were detailed in the first article
in March 2007.

The first step is to place jumper LK1
in the settings position. That done, set
the number of cylinders for your car,
then set the edge sense to high (or to

low if you know it should be this set-
ting). The diagnostic setting should
then be checked to ensure it is set for
“interpolation on™.

Nexl, decide whether you want the
two 11x11 maps or the single 15x15
map and select this in the map setting.
Follow this step by selecting either
the 1° or 0.5 resolution and set the
debounce to 0.4ms.

Note that the latter may need to be
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N SOME CASES, it may be possible

for the output from the Ignition Tim-
ing Module to drive an existing ignition
module (or coil driver) instead of using
the SiLicon CHiP Ignition Coil Driver.

There are a few things to sort out before
doing this, however. First, you must find
out the voltage sense used for the trigger
signal. This can easily be determined if the
trigger signal is produced by the ECU. For
other triggers, the sense may need to be
determined by trial and error.

Initially, you should set the Ignition
Timing Module’'s EDGE sefting set to
LOW. If it doesn’t work, try reducing the
4702 output resistor in the Ignition Tim-
ing Module to 2202 in order to drive the
original coil driver module.

If it still doesn't work, try changing the
EDGE setting to HIGH. In addition, the
Ignition Timing Module output must be
inverted for positive edge firing by taking
the drive from transistor Q4 — see Fig.14
in last month’s article.

ECU trigger signal

What if you are using the trigger signal
from an existing ECU (or engine manage-
ment unit)?

In this case, the output may normally be

UsinggAngExistingiCoiifDnivergiviodule

at +5V, with a low signal then applied to the
ignition module to “charge” the coil and
a high-going signal subsequently used to
fire a plug. Alternatively, the signal sense
could be completely reverse to this.

Generally, it's easy to determine the
voltage sense by measuring the voltage
from the ECU when the engine is idling,
using a multimeter set to read DC. The
meter will show the average voltage of
the trigger signal and so a normally low
output will give a voltage below 2.5V and
a normally high output will give a voltage
above 2.5V.

If the measured voltage is less than
+2.5V, then the plugs fire on the low-going
signal edges (ie, the ECU’s output goes
to +5V to “charge” the coil). In this case,
the EDGE setting in the Ignition Timing
Module should be set to LOW.

Conversely, if the voltage is greater than
+2.5V, it means that the coil charges when
the ECU output goes to 0V and the plugs
fire on the high-going signal edges. In
this case, the EDGE setting in the Ignition
Timing Module should be set to HIGH. In
addition, the signal output from the lgni-
tion Timing Module must be inverted (by
taking the output from transistor Q4), as
shown last month in Fig.14.

set to 2ms if there are problems. This
higher debounce period is usually
required only for points triggers.

Dwell setting

Now for the dwell setting. First,
attach an external spark plug to the
HT lead from the coil and connect the
plug’s metal thread to chassis (ground).
You can use a heavy-duty lead with
alligator clips at either end to make
this connection.

Now set the dwell to Oms and set the
internal oscillator in the Ignition Tim-
ing Module to on. That done, increase
the dwell until the spark plug appears
to give its best spark.

Note that the dwell value will not
change until the Up switch on the
Hand Controller is released, so be sure
to release the switch each time you
make a change. Stop increasing the
dwell when the spark appears to have
reached its maximum intensity.

Once you've finished, switch off the
ignition and reconnect the HT lead
correctly so that the car will run. The
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internal oscillator will automatically
be off when power is re-applied.

MAP sensor & RPM ranges

If you intend using the unit as an
interceptor (ie, to modify the timing
output from an existing system), then
you will need to know both the exist-
ing pressure (MAP) sensor and RPM
ranges. This means that the Ignition
Timing Module should be set up so
that it initially makes no changes made
to the timing,.

The range over which the existing
MAP sensor works can be found by
monitoring the LOAD value in the
DIAG display mode. First, record the
maximum load value by checking the
LOAD reading with the ignition on
but without the engine started. This
should be done only for normally
aspirated engines when the barometer
shows 1013hPa of atmospheric pres-
sure (ie, the standard pressure at sea
level).

If you are at a higher altitude, then
add another 3% to the reading for

every 300m above sea level to com-
pensate for the loss in air pressure.
Alternatively, vary the reading by the
percentage that your local air pres-
sure differs from 1013hPa. Increase
the reading for lower air pressure and
decrease it for higher air pressure.

For turbo engines, the maximum
reading from the pressure sensor is
found at maximum boost.

The minimum load value can be
found by driving the car downhill,
with the engine being overrun (eg, by
shifting to a lower gear than normal).
Note, however, that some cars tap the
vacuum line for the vacuum measure-
ment before the butterfly valve that’s
located within the air inlet throat. In
this case, vacuum measurement is not
available on a fully-closed throttle
because the butterfly valve isalso clos-
ed. What's more, just slightly opening
the throttle in this case will cause the
vacuuin to reappear.

Once you've measured the mini-
mum load value, enter it into the
settings as the Minimum LOAD. That
done, enter the Maximum LOAD by
altering the loads/site value so that
it is equal to or a little over the value
previously measured.

You now need to set the minimum
and maximum RPM values to suit
the range of the engine. Just set the
Minimum RPM value to the idle speed
and the Maximum RPM value to the
engine red line.

Note that the idle speed can be meas-
ured using the Programmable Ignition
System, with the display set to DIAG
to show the RPM.

When setting the Maximum RPM,
adjust the RPM/SITE value so that the
maximum RPM is at or just over the
value required. You can also adjust the
minimum RPM setting to achieve the
best compromise for the adjustment.

Testing

The Programmable Ignition System
should now be ready for it first real
test. If you are using it as an intercep-
tor, make sure that all the initial timing
map values are zero. You can ensure
this by pressing the Reset button on
the Hand Controller and waiting one
second so that RESET is shown on the
display. This will clear all the timing
values to zero but only for the map
selected.

If you want to clear both the alpha
and beta maps, then you will need to
use switch S1 to select the alternative
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FYOUR CAR already has a fully electronic ignition, it can be disabled
quite easily. Just disconnect the trigger sensor from the existing
ignition and connect it to the Ignition Timing Module instead.

Note that with some ignition systems, you will not be able to finda
suitable trigger signal that does not aiso include timing information.
In this case, you can only use the Programmable Ignition System
as an interceptor.

To disable a mechanical advance system, you first need to remove
and disassemble part of the distributor. Make sure you turn the
engine to TDC for cylinder 1 before removing the distributor.

The distributor must be stripped down to give access to the
mechanical weights, so they can be locked in place. We used an
aluminium plate to lock the weights to the minimum advance position. The
vacuum actuator hose is disconnected (to set the advance to the maximum
load setting) and the inlet to the actuator is plugged.

The vacuum hose is then connected to the manifold pressure
sensor that's used with the Programmable Ignition System (eg, to
an external MAP sensor or the on-board Sensym sensor). Be sure
to reinstall the distributor with its rotor pointing towards the cylinder
1 high-tension terminal on the distributor cap.

tor is disconnected
| plugged.

| Left: you can use a
simple alominium
plate like this to
lock the mechanical
timing weights
inside a distributor.

It simply slides over
the distributor cam
and the timing weight
posls, as shown in the
photos.

: =
Inside a stripped-down distributor,
showing the timing weight posts.

Q, ; e P = e

The aluminium plate prevents the posts attached to
the weights from sliding in their slots as the RPM
increases, thus locking them in position,

The partially reassembled distributor with the
advance plate back in position. Because the weights
are locked, the advance plate is now also locked.
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HE CIRCUIT DESCRIPTION in Pt.1

details many of the functions of micro-
controller IC1 and explains its pin assign-
ments. However, it doesn't explain what
goes on inside the microcontroller, so let's
take a closer look at this.

As we've already seen, the trigger signal
is applied to IC1's RBO input and the RB3
output subsequently switches off the igni-
tion coil via the driver circuit to fire a spark
plug. We'll assume here that a positive
signal edge at the RBO input is the trigger
paoint for turning off the ignition coil.

Alternatively, this could be set for nega-
tive edge triggering instead by selecting
the EDGE LOW setting via the LCD Hand
Controller.

If the Programmable Ignition is set for
no advance or retard, the RB3 output will
go low and turn off the ignition coil (to fire
a plug) at the instant the RBO input goes
high. However, we also need to “charge”
the coil so that there is sufficient energy
stored in it at the point of “firing” so as
to provide a spark. The duration required
to fully charge the coil (to provide maxi-
mum spark energy) is called the “dwell”
period.

In order to provide this dwell period,
we need to predict when the coil is go-
ing to “fire” the next plug. Based on this
prediction, we can then determine when
to start “charging” the coil (ie, the start of
the dwell period).

Fig.25 shows the waveforms associated
with this. The top wavefarm is the trigger
signal applied to RBO and the positive-
going edges are the firing points. The RB3
output on the waveform below this initiates

I ‘ i
ITIMER 2 COUNTS! I 1
| VALUE EDGES | | |
i {800ns/COUNT} | i I
{ DWELL t I | FRING
i ! START % |,/POINT  START % r.(i’oNr STARTY, 1/ POINT
RB3 OUTPUT | ]
~ WITH NO i
ADVANCE | |
2 i Pum SET TIMER] 48m A SETTIMERD SO % SETTMERT SO
ksomst: : SO IS OAY THe (\WISOATTHE | TS 0 AT THE
. FIRING POINT "
RB3 OUTPUT | : - A
WITH i - | i
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; g I £
! I
i | | I
i . i | I
; 5 i i { [ I
RB3 OUTPUT | : ol :
WITH | f— | i
RETARDED | I i i
FIRING ! ; ! : ; : !

Fig.25: the top waveform in red represents the trigger signal applied to the
RBO input of the microcontroller in the Ignition Timing Module. The green
waveforms show the three possible RB3 output signal conditions.

the dwell period before firing occurs at the
positive edge of RBO.

To predict the next firing point, we use
a timer (Timer2) that counts up by one for
each 800ns between the positive edges
of RBO. This count value then becomes
the predicted count for Timer2 to indicate
when the next firing will occur. This is
true when the engine is running at a con-

stant RPM. However, when the engine is
increasing in speed, the firing point will
occur somewhat earlier than the previous
Timer2 count value.

Conversely, the firing point will lag
behind the previous Timer2 count value
when the engine is slowing down. These
changes are not significant since the
engine RPM value cannot quickly change

map and press the Reset button again.
Of course, this only applies if the two
11x11 maps have been selected. The
15x15 map is fully reset to zero using
just the Reset switch, regardless of
switch S1’s position.

Now try to start the engine. If it
refuses to start, then the edge setting
{for the input trigger signal) may need
to be set to low rather than high.

Assuming that it does start, check
that it runs properly when the throttle
is quickly pressed to increase the revs.
If it falters, then the dwell period may
need increasing a little. Additionally,
the response to the low-speed RPM
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setting may need to be increased by a
few hundred RPM above the idle speed
for best “take-off” acceleration.

Altering the timing a little from
its standard setting can sometimes
smooth out the idle speed if it tends to
be rough. It needs to be tested by both
advancing and retarding the existing
value to find the optimum setting. This
setting becomes the cranking advance
as well.

These two settings (for cranking and
idle) may not be compatible because
the idle advance setting may make
the engine hard to start. If necessary,
the cranking timing can be made

independent of the idle timing by
lowering the minimum RPM setting
to below idle but above the cranking
speed. This will set the RPM1 sites for
cranking only. Cranking RPM can be
measured on the DIAG display during
starting,.

Both the off-throttle and cruising
settings can generally be advanced
further to improve fuel economy. How-
ever, too much off-throttle and cruis-
ing advance can produce poor engine
response if extra throttle is suddenly
applied for acceleration.

Any pinging (detonation) problems
at high loads can be solved by reduc-
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to any extent between successive input
trigger signals.

The dwell period can be initiated before
the next firing by doing some calcula-
tions using the Timer2 count value. If, for
example, the required dwell for the coil is
4ms, we can calculate that this period is
equal to a count of 5000. This is because
4ms requires counting 5000 of the 800ns
count periods. We can then start the dwell
ata count of 5000 before the next expected
firing point.

Initiating the dwell start and switching
off the coil to fire a plug requires another
counter. At every positive signal edge on
RBO, this second counter (Timer0) is set at
avalue sothat it will reach a count of zero at
the next expected firing position. Before it
reaches zero, the counter is checked every
204 .8ustoseeifit has reached the value to
start the dwell period. If this value has been
reached, RB3 goes high and remains high
until the counter reaches zero, at which
point RB3 goes low to fire the plug.

In order to advance or retard the firing
point, instead of setting Timer0 fo fire at
the next expected RBO positive edge we
either fire before this for advance or later
than this for retard. The dwell is also shifted
to start earlier as the timing advances or
later as the timing retards.

We need to make some calculations
in order to set Timer0 to a value that will
give the correct amount of advance or
retard in degrees. As we know, the Timer2
value provides us with the count between
firing pulses. Firing pulses occur twice
per engine revolution for a 4-cylinder 4-
stroke engine and three times per engine
revolution for a 6-cylinder 4-stroke. So for
a4-cylinder 4-stroke engine, we divide the
Timer2 count by 180 because plug firings
are 180° apart, with two pulses per 360°

engine revolution. This gives us the count
per degree.

For the 0.5° resolution setting, we divide
by 360 instead of 180 to get the number of
counts per 0.5°. Similarly, for a 6-cylinder
engine, we divide by 120 for the 1° resolu-
tion setting because there are three firing
pulses per 360° engine revolution. The
number of degrees of advance or retard
required is then multiplied by the count
per degree value. This is then either added
to the Timer2 value to retard the timing
or subtracted from the Timer2 value to
advance the timing.

TimerQ is then set so that it reaches a
count of zero at this altered Timer2 value.
In this way, RB3 is controlled by Timer0
to set the dwell and fire a plug (when
TimerQ is zero) at the required advance
or retard setting.

Well, that's basically how the system
works but in practice it's a bit more com-
plicated that that. In reality, there are two
timers: Timer0 and Timer1. Timer0 is used
to decide when to drive RB3 high (for the
dwell) and low (to fire the plug) between
each of the even-numbered positive edges
from RBO.

By contrast, Timer1 is used to drive
RB3 high and low between each of the
odd-numbered RBO positive edges.

The reason we need 1wo timers is be-
cause one of them might still be in use,
determining when to drive RB3, when the
next positive edge from RBO occurs. If only
one timer was used, it could not be made
ready for the next firing sequence, as this
would affect the current firing position.
The only alternative is to use two timers,
as described.

Note that the firing point is calculated
from the previous RBO positive edge and
may not exactly match the current RBO

edge when there is no advance or retard
adjustment. This can happen when the
engine revs are changing.

In this case, we fire the coil when the
RBO output goes high. In addition, when
the timing is set to retard, the firing point
is recalculated when the next RBO positive
edge occurs. If the timing is set to advance,
the plug will also be fired at the positive
RBO edge if it has not already fired.

Another calculation made within the
microcontroller is for the engine RPM
value. This calculation first divides the
Timer2 count value by 16 and the result
is then divided into 93,750/cylinder for a
4-stroke engine. The result is a value for
the number of “100 RPM" increments.

For example, lets assume that Timer2
has a count of 37,500 and we are running
a 4-cylinder engine. The 37,500 is then
divided by 16 to give a result of 2343,
Dividing this value into 93,750/4 gives a
value of 10. This is the number of “100
RPM" increments which in this case is
equivalent to 1000 RPM.

This calculation is correct because
with a Timer2 count of 37,500, the period
between pulses is 30ms because each
count represents 800ns (800ns x 37,500
= 30ms). A 30ms period is 33.333Hz or
2000 puises per minute. Since the engine
is a 4-cylinder 4-stroke, there are two
pulses per revolution and so the engine
speed is 1000 RPM.

Calculations are also required to convert
the RPM and pressure sensor values to
site values. These calculations are based
on the size of the map selected (11x11 or
15x15) and the minimum and maximum
RPM and load values. Further calculations
perform the interpolations for the advance
and retard values between both the RPM
and load sites.

ing the advance. Note that with the
11x11 map. there are 121 individual
adjustments that can be made at the
various RPM and engine LOAD sites.
You will probably not need to alter too
many of these. Just adjust those sites
that need to be changed to eliminate
pinging (reduce the timing value) or
to provide more power under load
(increase the timing value).

In practice. the vehicle can be driven
with the Hand Controller connected if
you wish to fine-tune the adjustments
(get someone else to do the driving).
However, it's important to note that the
Programmable Ignition will work best
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when the Hand Controller is in the set-
tings mode, as selected using link LK1
on the Ignition Timing Module.

The microcontroller then does not
spend time updating the LCD module
and this allows its program to be solely
devoted to updating the timing. As a
result, any responses to manifold pres-
sure changes and RPM changes will
not be hampered by display updates.

The Hand Controller can be discon-
nected when all the settings have been
entered. Note that it should only be
connected or disconnected with the
power to the Ignition Timing Module
switched off. S¢
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