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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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