A high-energy Capacitor Discharge Ignition system

Based on an article by ‘Sili con Chip’ (Septermber 1997)

This completely new capacitor discharge ignition system has been designed from the ground
up to provide a high energy "multiple spark discharge" to cope with engines which have very
high RPM rates. It is intended particularly for use with two stroke engines, high performance

four strokes and older vehicles.

Main Features

»Suitable for 2-stroke, older 4-stroke and performance engines (racing).

»Multiple spark output (see Tablel).

»Operates on reluctor, points or Hall effect signals.

»Two points inputs for twin coil engines.

»Usable to beyond 1000 sparks/second (equals 15,000 RPM for a V8).
»Regulated 300V supply for consistent spark energy.

»High frequency operation eliminates audible oscillator noise.
»Efficient circuitry for minimum heat generation.

»Components rated to operate up to 100° C.

Introduction

Twenty or so yeas ago, Capadtor Discharge
Ignition (CDI) was the a&nowledged solution for
automotive enthusiasts wanting a high energy
ignition circuit. CDI gave areally hat spark which
would fire virtually any spark plug no matter how
fouled or grotty it was. Tens of thousands of
enthusiasts installed them on their cars and hence
forward swore by them asthe gredest innovation
system since Karl Benz thought of the horseless
cariage. Well, maybe it wasn't quite that good bu
you get the picture.

But there was another asped of CDI which wasn't
goodand that was "crosgire". Because the CDI
spark was © ha and more importantly, becaise it
had such afast rise-time of only a few
microsends, it often fired the plugsin other
cylinders. This problem was most troublesome in
V8s, in some sixes and even some four cylinder
cas ch asthe ar-cooled VW which hed the
spark leads running close and parallel right acoss
the engine fan housing.

Crossfire is caused bythe cgadtancebetween
adjacent spark plug leads. The caacitance between
the leads causes the fast-rising voltage from the
coil to be mwuped into the adjacent leads and
thereby can deliver unwanted sparksin other
cylinders.

Crossfire can cause severe engine damage and
sounds smilar to pinging.

Ultimately, CDI fell into disuse for mainstream
cas because of theintroduction o lean fuel
mixtures in an attempt to med rising anti-pallution

standards. The very fast and very short spark of
CDI wasn' all that good at igniting lean mixtures.
Car manufadurersintroduced transistor-asgsted
ignition with long spark durations to ensure that
lean mixtures did burn properly. There was one
CDI design which attempted to overcome the lean
mixture drawbad and that was the so-cdled
"multiple spark discharge" system. However it was
a omplex design which never really caught on.
These days, there is no modern car with an engine
management system which uses CDI, to our
knowledge. Whether they are single coil, multi-coil
or dired-fire systems, they are dl variants of the
tried and true transistor asgsted ignition (TAI)
system. So why design anew CDI?

We have tended to disparage CDI systems for
yeas, knowing that our very popuar high-energy
TAI system has awell-earned reputation for
reliability. But some realers were not abou to be
put off. They wanted a CDI design and they
wanted it for anumber of reasons. They wanted
them for two-stroke and four-stroke motors on
motor bikes, outboards and Go-Karts. And they
wanted them for older cars which dorit have lean
mixtures and which can be particularly hard, if not
impaosgble, to start when the ignition system gets
wet. Old Mini Coopers and 85Cs are legendary in
this regard.

Some readers also wanted a CDI for racing
applicaions where multiple spark discharge
systems 4gill have a keen following.



With all of these reasons being cited, who were we
to say that al these people were wrong? So we
went badk to the data books and put on our
thinking cgps. A new CDI design had to be a
distinct improvement over the 20-yea old designs
which did have their fair share of drawbadks. Like
what, for example?

First, many CDIs had very high voltages applied to
theignition coil, as much as 500v or 600V in some
cases.

They did thisto avoid the inevitable fall-off in
spark energy asthe engine RPM rose. This very
high coil voltage had the drawbadk of often
causing interna breakdown in ignition coils, it
made the aossfire problem significantly worse
than it would have been with alower coil voltage
and it put considerably more stresson the ignition
leads. So design aim number one was to set the ol
voltage to amuch more moderate level of abou
300V.

Seoond, because the DC-DC inverters of the time
used relatively slow bipolar transistors (eg,
2N3055s), the inverter frequency was typicdly
only 2kHz. Thistypically setsan upper limit onthe
maximum spark rate of about 300to 400 sparks per
seaond, asthe inverter needs a wupe of cycles of
operation after eat discharge in order to recharge
the dump cgpadtor.

Applications

While we have addressed all the dove
disadvantages, the drawbadk of potential crossfire
remains even though we have reduced the high
voltageto 300V. Therefore, we do nd recommend
using the system on six cylinder and V8 engines
unlessyou can improve the lead dressof the spark
plug leads o that ead lead is more widely
separated from its neighbour.

Nor do we recommend using this CDI on any ca
with an engine management computer. We take the
attitude that the fadory designed ignition system
will always be optimum for the particular ca.

On the other hand, if you have an dder car with
fadory eledronic ignitionthereis no resson why
this CDI system should not be asatisfadory
substitute, particularly if the original modue has
failed and is expensive to replace.

The 2kHz inverter operation was quite audible too
and could often be head through car radios. So the
new design would use Mosfets in the inverter and
would operate & above 20kHz to make it
inaudible.

Third, CDIs used an SCR (silicon controlled
redifier) to discharge the dump cgpadtor and these
aretypically rated for an AC supply frequency of
400Hz maximum. While the SCRs wil | operate &
higher frequencies, it is an unspedfied condtion
and it ultimately also sets a limit on the maximum
spark rate. That effedively rules out using an SCR
in the new design.

Fourth, and arather serious drawbadk this one,
some CDI systemswould na operate when the
battery was low. This meant that while the battery
might be ale to slowly crank the engine, the CDI's
inverter would na start and hencethere would be
no spark. In ather words, just when you most
wanted the CDI to work, it would na be onthe
job.

Ancther fagor which limited the inverter operating
frequency was the speeal of the redifier diodes.
High spedd fast recovery diodes were expensive
and so, even if the inverter could have run much
faster, the standard redifier diodes could na have
handled the high frequency output.

The new CDI system can be mnreded to
distributors with conventional points, Hall effed or
reluctor pickups. It is cgpable of operationto very
high engine speeads, much higher than even racing
engines. For example, it can run as high as
30,000RPM in a4-cylinder engine. Thisfigureis o
high that it's acalemic but it does indicate that full
spark energy is maintained over the entire RPM
range of any pradical engine.

All the other fedures of the new design are
summarised in the fedures and spedficaions
panels elsewhere in this article. However, we do
neal to explain ore of the key fedures and that is
"multiple spark discharge”.



Multiple spark discharge

Fig.1: Thesethree arcuits $ow thethreetypes of ignition circuit.

Fig.1(a) istheorigina points-based system.

Fig.1(b) shows a typical CDI sysem which usesa DC-to-DC inverter to charge a capacitor which typically has a
value of [pF. Each time the smtch points in the distributor open, it fires an SCRto dump the @pacitors's charge into

the coil primary winding.

Fig.1(c) shows the arrangement of our new CDI system. It has a DC-to-DC inverter with a regulated 300VDC output
which chargesup a lpF capacitor. Instead of using an SCRto dump the capacitor's charge into the coil, it usesa pair
of Mosfets which are depicted as S1, a single pole doubl e throw switch.
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Whereas the original CDI designs produced just one
spark ead time the points opened, the multi-spark
discharge (MSD) CDI was able to produce severa
sparksin quick successon ead timethe points
opened. Our new design incorporates this fedure
and producesup to 10 sparks ead time aspark plug
isto befired, depending on the engine speal. This
fedure can be disabled so that the CDI produces
just two sparks for ead cylinder firing, regardless
of engine speed.

Now let us have alook at some of the details of the
new design.

Fig.1 (a) showsthe schematic diagram of the
conventional Kettering ignition system which has
been used oncasfor over 60 yeas. It comprises an
ignition coil which has its primary winding
conreded to the battery supply with a switch at the
negative side.

The switch can be a ©onventional set of pointsor a
switching transistor, as used in most modern
ignition systems. When the switch is closed, current
builds up in the primary winding with the ultimate
value limited bytheinterna resistance of the il
and a ballast resistor, if used. This current is usually
around 3 to 5 amps.

When the switch opens, the resulting collapse of the
coil's magnetic field causes the secondary winding
to produce ahigh voltage to fire the spark plug. As
the engine sped rises, the arrent has lesstime to
build upin the il primary and so inevitably the
spark energy isreduced. Modern transistor asssted
ignition systems get aroundthis problem by using
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dwell extension, lower inductance ®ils or more
than oneignition coil.

Fig.1(b) shows atypicd CDI system which usesa
DC-to-DC inverter to charge acgpacitor which
typicdly has avalue of IpF. Each time the switch
pointsin the distributor open, it firesan SCR to
dump the cgadtor's charge into the il primary
winding. The pooa old coil gets such abelt that it
produces amuch higher voltage in the secondary
and fires the spark plug.

Fig.l(c) shows the arangement of our new CDI
system. It has a DC-to-DC inverter with a regulated
300VDC output which charges up a 1uF capaator.
Instead of using an SCR to dump the cgadator's
charge into the ail, it uses apair of Mosfets which
are depicted as S1, asingle pole doulde throw
switch. The caacitor charges up vathe il to
300V when Slisin pasition A and dscharges
through the @il when the switch isin pasition B.
Thus ead time aspark plugisto befired, two
sparks are produced, one with pasitive polarity and
one with negative polarity. With asimple dhange to
the timing circuitry controlling the two Mosfets, the
CDI can be madeto producemore than two sparks
by repetitively charging and dscharging the dump
cgpadtor during ead spark plug firing period.



Fig.3: Thisistheprimary ooil voltage when producing four sparks (top waveform).
Note the 284V negative exirsion for the first and third sparks and the 294V positive

exairsion for the seand spark.
Thelower traceisthetachometer output signal which was used to trigger the
oscilloscope.
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The oscilloscope waveforms show the primary coill
voltage when producing four sparks (top
waveform). Note the 284V negative excursion for
thefirst and third sparks and the 292V positive
excursion for the second spark. The lower traceis
the tachometer output signal which was used to
trigger the oscil loscope.

Circuit description

Figure 2 shows the drcuit diagram of the Multi-
Spark CDI.

It can be split into two separate sedions, ead using
an IR2155 self-oscil lating half bridge Mosfet driver.
IC1 and Mosfets Q1 & Q2 comprisethe 12VDC to
300VDC inverter. IC2 and Mosfets Q6 & Q7
charge and dscharge the dump cagpaator viathe
ignition coil primary and provide the multiple spark
fedure.

IC1 oscil lates at about 22kHz as st by the
33kWresistor between pins2 and 3 and the 0.001pF
cgpadtor from pin3 to ground Two complementary
outputs at pins5 & 7 alternately switch Mosfets Q1
& Q2 to drivethe centre-tapped primary winding o
transformer T1.

Ch1 Max
292 vV

Chl Min
-284 YV

Table 1 shows the multi-spark
information for four, six and
eight cylinder engines. Here
we show the RPM versus the
number of sparks produced.
Asyou can see the number of
sparks ranges from as many
as 3x sparks per firing at
600RPM in a4-cylinder
engine down to two sparks
per firing at 15,000RPM,
again in a4-cylinder engine.

Tablel: RPM vs. Spark No. & Duration

Spark
No. of Duration
RPM Sparks | Crankshaft
Degrees
4-Cylinder 4-Stroke Engines
600 6 8
900 6 13
1200 6 16
1500 6 20
2250 4 19
3000 4 25
4500 4 37
9000 2 21
15,000 2 36
6-Cylinder 4-Stroke Engines
400 8 8
600 8 12
800 6 11
1000 6 14
1500 6 21
2000 4 16
3000 4 24
6000 2 14
10,000 2 22
8-Cylinder 4-Stroke Eingines
300 14 11
450 12 13
600 10 15
750 10 18
1125 8 21
1500 8 20
2250 6 29
4500 4 32
7500 2 15
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With Q1 on, thefull 12vVDC is applied to the top
half of the transformer primary winding. Because of
the transformer coupling to the second gimary
winding, the lower half of the transformer primary
winding also has 12V aaossit. Similarly, when Q2
turns on the 12V is also impressed aaossthe top
primary winding. The resulting waveform on the
primary is gepped upby the secondary winding. Q1
& Q2 have interna avalanche protedion. Shoud
the switch off transient acrossthem read 60V, the
internal zener diode will safely quench the spike
voltage. The 10W resistors in series with the gates
of the Mosfets are included to slow their switching
speal and thus reducethe interference which would
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otherwise be induced into the vehicle's eledrical
system.

Two 10uF MKT capadtors are used to dewmuple the
DC supply to transformer T1. They effedively
bypassthe supply lead inductance so that the full
12V supply is delivered to the transformer at the
high switching rate. Inductor L1 isconneded in
series with the supply to prevent 22kHz switching
currents from appeaing on the vehicle's electrical
supply. The 0.01pF cgpacitor onthe 12V inpu is
there for the same reason.

The stepped upsecondary voltage of T1 isfull-
wave rectified by hgh speed diodes D2-D5 and the
resulting 300vDC is filtered with a 1uF 275VAC
cgpadtor.



Voltage feedback trickery

As described so far, the circuit does not have any
means of maintaining a cnstant 300v DC output
and so variations in the battery voltage and spark
rate would inevitably cause the high voltage DC
output to vary over afairly wide range which would
be undesirable. However, the IR2155 Mosfet driver
has no inbuilt means of providing voltage
regulation. Therefore, we have to trick the arcuit
into maintaining a more or lessconstant voltage.
The voltage feedbadk comprises four 75V zener
diodes ZD1-ZD4 which are onneded in series ©
that they begin to conduct at 300vV. When current
flows through the zeners they switch ontransistor
Q3via a 10kWhbase resistor.

Circuit feeds itself

Three 33kW resistors in series feed current from the
300V output bad to the supply pinsof IC1 and an
internal zener limits the resulting voltage to 15V.
With +15V present at pinsl & 8 of IC1, diodeD1 s
reverse biased and therefore the IC no longer draws
current from the +12V battery line. The ideabehind
this to make sure that the drcuit will run even with
avery flat battery. Hencethe circuit will start with
aslittle & 9V from the battery and then will
continue to run even if the battery dropsdown to
5V. This could make all the differencewhen you
have asick battery which can barely crank the
engine over or if you haveto push start the ca.

The 300V suppy also feads 1C2, the second
IR2155. Note that IC2 is conneded to operatein a
different fashion to IC1. In this case, the drain (D)
of Q6 isconneded to the 300V suppy whichisat a
much higher potential than the +15V at pinl of IC2.
For Q6 to fully turn on its gate (G) must beraised
abovethedrain by severa volts. This is acieved
using diode D6 and cgpadtor C1.

Initially, 1C2 starts with a 15V suppy derived from
the 300V rail, as mentioned above. Q7 isthefirst to
be switched onand it pulls one side of cgpaator C1

Multi-sparking

Pins2 and 3 of IC2 are conneded to an assortment
of resistors, diodes and cgpadtors and these ae
instrumental in providing the multi-spark operation.
These componrents comprise atimer and an astable
(oscillator) conredion. The astable oscil lator is

When transistor Q3 turnson, it pullspinl o IC1
from closeto +12V down to around +6V and this
tricksthe IC into adivating its internal undervoltage
cutout circuit (threshold +8.4V) which switches
both pins7 and 5 low. This gops the Mosfets from
driving transformer T1 and this stuationiis
maintained urtil the zeners gop conducting; ie,
when the high voltage suppy drops bad below
300V.

Transistor Q3 then switches off and IC1 resumes
normal operation. Thus, the output voltage is
stabilised at 300V while Q3 turns the oscillator on
and df at arate dependent on the load current
drawn from the 300V suppy andthe at¢ual DC

supply voltage.

low. C1 then chargesto the +15V suppy viaD6
and Q7.

When Q7 turns off and Q6 turnson, Q6 pulls pin6
of IC2 upto the 300V rail and so pin8isjadked up
above +300V by the 15V acrossC1. C1 maintains
the voltage between pins7 and 8 until next
recharged via D6 and Q7. (Note that pins6, 7 & 8 of
the IR2155 are floating outputs which can be
shifted to 600V abovethe pin4 ground).

Clnedalsto berelatively large & 100uF sinceit can
be cdled uponto keep its charge for up to 100ms
during slow cranking of the motor. The totem-pole
output of Mosfets Q6 and Q7 drives the ignition

coil primary viathe 1uF 275VA C cgpadtor C2.
Diode D7 isincluded to prevent pin6 from going
much below the pin4 groundwhile D7 itself is
current limited by the series 22Wresistor. The 22kW
resistor between pin7 and the source of Q6 ensures
that this Mosfet is held off when thereis initially no
supply between pins8 and 7. The 22W gate resistors
slow the turn onand turn off timesfor Q6 and Q7 to
limit transients when switching the 1uF 275VAC
cgpadtor.

formed by the 180kWresistor at pin2 and the
0.0047uF capadtor at pin3.

The 10kWresistor between pin3 and the 0.0047uF
cgpadtor isthere to prevent excesscurrent into this
pin when driven by the monogtable part of the



circuit. The only other differenceto the normal
astable mode is the aldition d diode D11 and the
180kW resistor in series. This ensures alonger
discharge time for the 0.0047uF capadtor viaone
180kW resistor and a shorter charge time viaboth
180kW resistors when D11 is forward biased.

Note that the 0.0047uF capacitor isonly tied to
groundwhen transistor Q4 is svitched onviathe
trigger circuit from ether points, Hall effed or
reluctor signals. Capadtor C3 is also conneded to
the mllector of Q4. Initially, when Q4 isoff, C3 is
discharged and held at the pinl supply voltage
(+15V) viathe 13kW resistor at Q4's collector and
the 3%kWresistor at D10's anode. This last resistor
pulls pin3 well above the upper threshold (2/3rds
the pinl supply) via D10. Pin2 goes low but the
0.0047uF capadtor cannat be discharged and so
IC2 does not oscillate; so Q7 isoff and Q6 ison (if
thereis suppy voltage acossCl).

Fig.4: The CDI produces very high spark rates. Thetop trace shows the \oltage
measured at the sourceof Q6 when driving the ignition coil, while the lower traceis
the tachometer output which indicatesthat the rate is 1000sparks/second. Note that
capacitor C2 charges up to the full 300V (308V shown) before firing into the coil on
the negative alge of the lower trace This meansthat the arcuit can deliver the full
spark energy evan a this excessvey high engine spedd.
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When Q4 switches on, the anode of D10is pulled
low via C3. Thus, the 33 kWresistor is eff ectively
out of the oscillation circuit and so the 0.004 7uF
cgpadtor is charged and dscharged viathe
components at pin2 as previously discussed. Q6 and
Q7 now switch onand df aternately, so the il is
fired repetitively viaC2.

C3 charges viathe 33kW resistor and when this
voltage reades the upper threshold of pin3'sinpu,
D10conducts and stops IC2 from oscillating again.
The circuit thus remains with Q6 on and Q7 off
until triggered again. Note that, at high RPM, Q4 is
off for lesstime than it takes C3 to recharge via the
33kWresistor and switch off | C2's oscillation. The
instant this transistor switches off, |C2 stops
oscillating since C3 is immediately pulled high.
This is afail-safe condtionto prevent sparks
designated for one ¢ylinder from acadentally firing
the next cylinder in sequence

Thetrigger circuit also drives
transistor Q5 to provide alow
voltage (+12V) tachometer
output. Thisis necessary since
atado conneded to the coil
would otherwise give false
realings.

The Figure left shows ome
more waveforms which
chi max demonstrate the drcuit

308V performance Thetoptrace
shows the voltage measured at
the source of Q6 when driving
theignition coil while the
lower traceis the tachometer
output which indicaes that the

Disabling multi-spark operation

If youwish, the multi-spark feaure can be eaily
disabled by

input spark rate isat 1kHz
(60,000 RPM). Note that
cgpadtor C2 chargesupto the
h3ekd  full 300V (308V shown)
before firing into the wil on
the negative edge of the lower
trace This meansthat the
circuit can deliver the full

spark energy, even at this
excesgvely high rpm.

(1) removing C3, D10, D11, thetwo 180kW
resistors and the 33KW and 13kWresistors; and



(2) installing a 180kWresistor in place of the 33kW
resistor and alink in placeof D10.

This causes IC2 to produce asingle 0.5ms pulseto

switch onQ7. Thisfiresthe wil in orediredion

when Q7 switches on and in the other diredion

when Q6 switches on.

A Metal Oxide Varistor (MOV 1) is conneded
aaossthe il to quench the high voltage transient
which will occur if the il is left open circuit on
the secondary. Leaving the il output open circuit

Trigger circuits

The Figures show the dternative circuits provided for
points, Hall effea and reluctor triggering. These ae
all included onthe PC board.

The paints circuit is easy enough and we have
provided for distributors which have one or two sets
of points. Both pairs of points have a47W 5W
resistor to provide a "wetting current”. This current
kegos the points clean and thereby provides more
reliable operation. Diode D12 or D13 feads the
respedive points ggnal into transistor Q4.

The two-points facility provides for twin-cylinder
engines with two coils or for rotary engines which
have two plugs per chamber.

The Hall effed circuit has power supplied via a100W
resistor. The 820W resistor isthe pullup for the
internal open colledor transistor. Diode D12 supplies
the high-going signal to Q4.

The reluctor circuit comprises a 10kW load aaossthe
pickup coil together with a 470pF noise suppresson
cgpadtor. Transistor Q8 is biased on wsinga 5.1V
zener diode. The circuit is designed to trigger after the
reluctor signal goes negative. The 0.0022uF capacitor
is used to speed upthe switch off adion d Q8 while
the 10kW pullup resistor on Q8's colledor provides
the signal to Q4 viadiode D12

This Figure shows the reluctor output (lower trace
and the resulting source voltage of Q8 with nocail
conreded. Note that the il fires on the negative
edge of the reluctor waveform.

can causeit to break down internally and this
quickly leads to failure. In addition, there is
provision onthe PC board to use two 1uF
cgpadtorsto drivethe il

Two 680kW resistors are mnneded in series aaoss
C2to discharge it shoud the il become
disconneded from the drcuit. This improves sfety
since alpF cgpacitor charged to 300V can produce
anasty shock.

Fig.5: The arcuit caters for distributorswith (a) poinzs,
(bb) Hall Effed sensors; or(c) rel ugtgr pickups.
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Construction

The Multi-Spark Capadtor
Discharge Ignitionis
constructed ona PC board
which is coded ZA1159
(05309971) and measures
112x144mm. Itishoused in a
diecast case measuring
171x121x55mm.

Begin aseembly by chedking
the PC board against the
published pattern. There
should na be ay shorts or
bre&s between tradks. Make
any repairs as necessary.

Note that the PC board
provides two semicircular
cutouts on the sides to fit into
the recommended case. The
corners should aso be
rounded off and small notches
are nedl to give clearancefor
the vertical channels in the
diecast case. M ake sure the PC
board fitsinto the case before
starting assembly. Other types
of diecast cases with multiple
integral ribs on the sides
canna be used sincethe
Mosfets neel to be bolted to a
flat surface

Thefigure right shows the
component overlay for the PC
board with trigger input
circuitry for areluctor
distributor.

Figure 8 shows the different
trigger components for aHall
effea distributor while the
figure below shows the trigger

components for a mnventional points distributor.

Fig.6: These waveforms show the reluctor output (lower trace) and the resulting
sourcevoltage of Q8 with no coil conneded.
Notethat the il fires on the negative elge of the rductor waveorm.
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use the mlour code table and your multimeter to
ched ead value.

You can start the board assembly by inserting the

PCB pins at the externa wiring connedion pants
and then installing the wire links. Note that there
aretwo links that run beneah the inverter

When inserting the diodes and zeners, take cae
with their orientation and ke sureto place eal type
in the crred position.

transformer (T1). Thisdonre, install theresistors and



Fig.8: Thisdiagrammshows the trigger components for a Hall effed distributor.

are seaed as far down on the
board as they will go. Be
sureto install the @rred type
in ead locaion.

The c@acitors can be
installed next. The
acompanying table (table 2)
shows the value @mdes which
will be printed oneadt
component. The eledrolytic
cgpadtors must be oriented
with the @rred polarity.
Oncethe cgadtorsarein,
install the varistor (MOV1).

Fig.9: Thetrigger components for a conventional pointsdistributor.

Install the ICs and transistors, taking care to orient
them as hown. The Mosfets are oriented with their
metal flanges towards the elge of the PC board and

FiglO: Herearethewnding details for the bobbin of
transformer T1. Notethat the primary windings are
bifilar; ie, theyare wound together.

S1-F2 pri  nmary 13t 0.63 nm ENCU
S2-F2 pri  nmary 13t 0.63 nm ENCU
S3-F3sec ondary 3 60t 0.25 mm ENCU

13 1

O @]
o) B |51 PRIMARY
PRIMARY Fl O
O
PRIMARY F2 52 PRIMARY
SECONDARY F3 I e
SECONDARY §3 I O
7 3

The battery inpu filter toroid
core (L1) iswoundwith 12
turns of Imm enamelled
copper wire. Ensure that the
wire ends are stripped of
insulation before soldering it
into place The toroid is
affixed to the PC board using
ascrew and nu with an
insulating bush to locae the
screw and proted the
winding.

Winding the transformer

Transformer T1 iswoundas sown in the diagram.
Start by terminating the 0.25mm enamelled copper
wire on pn7 as shown. Nealy wind on360 turns
and insulate between ead winding layer with
insulation tape.

Terminate the winding on pn8.

The primary windings are woundtogether (bifilar)
side-by-side. Terminate the 0.63mm enamelled
copper wires a pins 2 and 4 as shown, then wind on
13turns andterminate on pns1land9
respedively. Chedk that pin2 connedsto pinlland
pind conneds to pin9, using a multimeter on the
"Ohms" range. Finish the windings with a layer of
insulation tape.

10



Theferrite mres are inserted into the bobbin and
seaured with the dips or a cdletie. Insert and
solder the transformer into the PC board with the
orientation shown in Fig.7.

Next, insert the PC board into the cae and mark the
positions for the Mosfet mounting holes onthe side
panel. Remove the PC board and drill out these

Fig.11: The four Mosfets are mounted on the side of
the case, using an insulation washer and an
insulation bush.

holes and two holes at eat end for the crd grip
grommets. Also drill ahole for the eath lug screw.
The holes for the Mosfet mounting must be

Installation

If you are using the existing points or areluctor
distributor, the CDI unit can be installed into the
vehicle. Be sureto locaethe CDI case in aposition
where ar flows over it and make sureit is away
from the exhaust side of the engine. It can be
seaured to the engine bay with self-tapping screws
into the two diagonally opposite externa seauring
points on the case.

Alternatively, you could use bradkets. Wire up the
positive mnnedionto thepositive 12V ignition, the
negative wire to the chasss and the trigger input to
the points or reluctor. The ignition coil requires a
conredionto bah sides of the primary. Disconned
any ather wires that are part of the original ignition
system.

Note that the reluctor coil requires the mrred
polarity conredionin order to give the corred
spark timing. This is best determined by testing the
engine. If it does nat fire, reverse the reluctor leads
andtry again.

Hall effect trigger

While many readers will wish to usetheir original
points/distributor setup in their initial installation, a

deburred with alarger drill to prevent punch-
through of the insulating washer.

Attach the PC board to the case with the supplied
screws and seaure eab Mosfet to the cae with a
screw, nut, insulating washer and insulating bush.
Fig.11 showsthe details. If you use amicawasher
apply asmea of heasink compound to the mating
surfaces before assembly. Silicone rubber washers
do not require heasink compound. Use two washers
ead for Q6 and Q7. Ched that the metal tabs of
the Mosfets are indedd isolated from the cae by
measuring the resistancewith a multimeter.

Finally, attach the wires for the supply, trigger input
and coil output and seaure them with the cordgrip
grommet.

The earth connedion goes to a solder lug which is
seaured to the case.

You can test that the inverter operates by
conneding the drcuit to a12V 3A power supply.
Thevoltage between the tab of Q6 and the case
should be about 300V. Take care, however, since
this voltage an cause a severe dedric shock.

You may find that with the CDI installed, the spark
timing is little advanced, due to itsfast rise time. If
S0, you may nedl to retard the static timing slightly
to prevent pinging a aslightly rough idle.

When starting an engine fitted with this CDI, it isa
goodideato turn on the ignition for one or two
seands before cranking the engine. Thiswill give
the drcuit timeto generate the 300VDC and fully
charge the 100uF suppy capaator for ICL.

If you are going to install the CDI on an engine with
two coil s and two sets of points, you can usethe
trigger circuit with the two pantsfadlity. The CDI
can then drive both coils in parallel. Both coils wil |
then fire simultaneously when ead set of points
open. Thisismoreor less $andard pradicewith
radng rotaries. If you dowant to fire two coils
simultaneously, you wil | probably need to add an
extra 1uF 275VAC cgpacitor (C2). There is
provision for this on the PC board.

Hall effea distributor isamuch better proposition.
A Hall effect pickup dcaes not suffer from any wea
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andtea andis unaffeded by drt. The Hall sensor
recommended is the Siemens HKZ101 available
from Jaycar Eledronics. You must also oltain a
rotating vane assmbly to suit your distributor.

Fig.12: Thisis how the Semens Hall sensor should
beingalled to providereliabletriggering. The \ane
neadsto penedratethe sensor by between 8mmand
11.5mm. Thetriggering point is between 0.1mmand
1.8mmfromthe centre line of the unit..

These ae available from automotive dter-market
retailers <lling Bosch ignition systems. Make sure
that you have one of these before purchasing the
Hall sensor.

Fig.12 shows how the Siemens Hall sensor should
beinstalled to provide reliable triggering. The vane
neals to penetrate the sensor by between 8mm and
11.5mm. The triggering point is between 0.1mm
and 1.8mm from the centre line of the unit.

To install the sensor, first remove the distributor
from the vehicle. To dothis, rotate the engine until
cylinder number 1 is at the firing point; this is
indicated when the rotor buttonis aligned with the

Tachometer connection

The tachometer output signal isa 12V square wave
which shoud be sufficient to trigger most eledronic
tachometers. For example, the tachometer feaured

number 1 spark plug lead. With the distributor out
of the engine, find the pasition where the points just
open for the number 1 cylinder and mark the
position onthedistributor where the centre of the
rotor is now positioned. Thisis the point where the
Hall effed sensor's output should go high.

Next, remove the rotor, points and cgpaator plus
ancillary components. The Hall sensor should be
mounted nea where the points were locaed so that
thereis sufficient leal length to exit from the
distributor. The exad location for the Hall sensor is
determined as follows.

Fit the vane assmbly to the distributor and align
the rotor with the marked firing point. The Hall
sensor should now be positioned so that the leading
edge of one of the metal vanes is abou halfway
through the slot. You will haveto know the
distributor rotation dredion. Mark the position for
the sensor, taking care to ensure that the vane wil |
passthrough the gap withou fouling.

Note that Fig.12 shows the configuration for a
clockwise rotating distributor. Anticlockwise
rotating distributors are timed as the vane enters the
Hall sensor from the other side.

A suitable mourting plate can now be made to fit
the Hall sensor onto the distributor advance plate.
The mounting plate must be devated so that the
vane penetrates the Hall sensor by 8-11.5mm. The
Hall sensor is riveted to the adaptor plate through
3.5mm holes which are countersunk beneah the
plate. The adaptor plate can then be seaured to the
advance plate using madine screws, nuts and
washers. Try to take alvantage of existing holes left
where the points were mounted. The leads from the
Hall sensor shoud pass through the &isting points
lead grommet. Chedk that the vanes passthrough
the gap in the sensor withou fouling and that the
lead dressallows for full movement of the
distributor advance plate.

Now reinstall the distributor in the engine, with the
rotor pointing towards the number 1 cylinder firing
point. Do a static timing ched, with the engine set
to fire when the vane is central to the Hall sensor.
Conned the Hall sensor leads to the CDI unit using
suitable aitomotive mnredors. Start the engine and
use atiming light to set the spark timing.

in the August 1991 issue can bediredly triggered

withou modification. If the signal does not work

with your tacho, it may be an impulse type which
12



Fig.13: Usethiscircuit to provide a tacho signal if your

car hasan impul setachometer.

APPENDIX:

Specifications

should solve this problem.

requires a high voltage. The circuit shown in Fig.13

As hown, this uses the primary of a2851 240VAC

to 12VAC mains transformer to produce ahigh
voltage pulse when switched viatransistors Q1 &
Q2. The il voltage is limited by the 0.033uF

cgpadtor conneded between colledor and emitter

of Q2.

Fig.14: Thisis NOT thefull-size eching pattern for the PC board..

Spark energy 45mJ
Number of sparks per firing Minimum of 2, (seeTablel)
. 0.5msfor thefirst 2 sparks then 0.66ms,
Spark Separation 0.34ms, 0.66ms, etc
Spark duration Abou 20Qus per spark
2 sparks 500ps;
4 sparks 1.3ms;
6 sparks (add 200us for last spark) 2.2ms;
Multiple spark duration 8 sparks 3.1 ms;
10sparks 4.1ms;
12 sparks 5ms;
14 sparks 6ms
Reluctor Circuit sensitivity 400mV RMS
Inverter operating frequency 22kHz

Operating voltage

Down to 5V (requires aminimum of
9V to start circuit)
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Part Lists

CHECK | Q1Y | DESCRIPTION | COMPONENT IDENTIFICATION &/OR LOCATION
Resistors
6 33kw1W 5% Resistor orange-orange-orange-gold
5 .
1 ?Iggl\uNc%X\r/ t?iggzr&gét)o r orange-white-brown-gold
2 680kwW 1/2W 1% Resistor blue-grey-bladk-orange-brown
2 180kw 1/2W 1% Resistor Brown-grey-blad-orange-brown
2 56kW 1/2W 1% Resistor green-blue-bladk-red-brown
5 .

2 ?Izgl\tvc%ézr\i\rﬁ é g/ ;IR;&;stor yellow-purple-black-red-brown
2 33kwW 1/2W 1% Resistor orange-orange-black-red-brown
1 22kW 1/2W 1% Resistor red-red-black-red-brown
1 15kw1/2W 1% Resistor brown-green-blad-red-brown
1 3kw 1/2W 1% Resistor brown-orange-bladk-red-brown
6 %gbg;@g&?ggj:%r brown-blad-black-red-brown
1 2kw V2W 1% Resistor red-red-black-brown-brown
1 ?Iigl\llvelf/fi\(/:\t/clgo Resistor grey-red-bladk-black-brown
2 220W 1/2W 1% Resistor red-red-black-bladk-brown
1 %Iggl\f\/elf/fi\gclg Resistor brown-bladk-black-bladk-brown
3 220 UV2W 1% Resistor red-red-black-gold-brown
2 10W V/2W 1% Resistor brown-bladk-black-gold-brown

4NN 5W Resistor
2 (Points trigger cct - one optional

- seetext)

Capacitors

470pF 100V MKT
2 (ReIFEJctor ca) 470-100
2 100uF 16V Eledrolytic
2 1QuF 100V MKT
1 047uF MKT Polyester 470n/474k
1 0.15uF MKT Polyester 150n/154k
1 0.12uF MKT Polyester 120n/124k
2 0.1puF MKT Polyester 100n/104k
1 0.01pF MKT Polyester 10n/103k

(Points cct)
1 0.0022uF MKT Polyester 2n2/222k

(Reluctor cct)
1 0.0047uF MKT Polyester an7/472k

0.001pF MKT Polyester 1n/102k

15



CHECK |

QTY

\ DESCRIPTION

‘ COMPONENT IDENTIFICATION &/OR LOCATION

Semiconductors

IR2155 Self Oscil lating Half

2 ; IC1,1C2
Bridge

2 MTP3055E MOSHET Q1,Q2

2 IRF82 MOSFET Q6,Q7

4 BC337/877 NPN Transistor Q3-Q5
1N4148/ 1IN914Diode (D12

9 Reluctor/Points/ Hall ca; D1,D8D11
D13 Points cca optional)

6 1N4936 Fast Remvery Diode D2-D5, D6, D7

1 5.1V Zener Diode
(ZD5 Reluctor trigger cct)

4 751W Zener Diode 1N4761 ZD1-ZD4

1 S14K 275 VAC MOV MOV1

2 8Way Madined |C Socket

Transformer and Accessories
1 ETD29 Former
2 N2 7 Ferrite Core (2 pieces)
2 Clip (2 pieces)
1 Neosid Ringcore 17-732-22
1 0.25mm ECW Spool
2m 0.63mm ECW
0.5m | 1ImmECW
Hardware
6 3mm Nut Oneto beused with L1
6 3Xx15mm Bolt Oneto beused with L1
6 3mm Shakeproof Washer Oneto beused with L1
2 Large Nylon Grommet
2 5mm Ring Terminal Automotive il terminals
1 Solder Lug
4 TO-220 Silicon-Impregnated
Rubber Washer
5 TO-220Bush Oneto beused with L1
2m 1mm Solder
15cm | 0.71 Tinned Copper Wire
8 PC Pin
2m Red Auto Cable
2m Bladk Auto Cable
Im Green Auto Cable
Caseand PCB
1 Diecast Case 171 x 121 x 55mm
1 PCB SC05309971 112x 144mm
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Table2: Capacitor Codes

vaue | IEC Code | EIA Code
1pF 10 105
0.47uF 470nF 474
0.15uF 120F 154
0.12uF 120F 124
0.1uF 10F 104
0.01uF 10nF 103
0.00474F 4n7 472
0.00224F 2n2 222
0.001uF 1n0 102
47QpF 470 471

Table3: Resisitor Colour Codes

No. Vaue 4~Band Code (1%) 5-Band Code (1%)
2 68kW | blue grey yellow brown blue grey blad orange brown
2 18CkW | brown gey yellow brown brown grey bladk orange brown
2 56kW green blue orange brown green bluebladk red brown
2 47«k\W yellow violet orange brown yellow violet bladk red brown
6 33kW orange orange orange brown orange orange blad red brown
2 33kW orange orange orange brown orange orange blad red brown
1 2kW red red orange brown red red bladk red brown
1 13kW brown arange orange brown brown arange blad red brown
6 10kW brown blad orange brown brown bladk blad red brown
1 2.2kW | redred red brown red red bladk brown brown
1 820W grey red brown brown grey red bladk blad brown
1 390W orange white brown brown orange white bladk bladk brown
2 220W red red brown brown red red bladk blad brown
1 100W brown blad brown brown brown blad blad blad brown
3 22W red red bladk brown red red bladk gold brown
2 10w brown blad blad brown brown blad bladk gold brown

Personal note:
I removed 3 photos embedded in the the original SC aricle to keep this file as small as possible. They’re not very

expressive, gooogle for Cap-dis-ignit-CDI.pdf which has them all included in nice resolution.

Picturel: Opened finished CDI housing
, Designed by JOHN CLARKE®

Picture2: Opened case fixed in an engine compartment

» Herethe new Multi-Spark CDI is shown mounted in the engine cmmpartment of a Mitsubishi Sigma. Note the
long parallel run o the spark plug leals. We suggest that the spadng between these leads shoud beincreased

to reduce any pacssibility of crossfire.”

Picture3: Not surprising — opened case with a detailed view to most of components

» The Multi-Spark Capadtor Discharge I gnition system is housed in adiecast box which provides adequate

heasinking for the four Mosfets.”




