CDI circuit description

Introduction

This brief explanation may assist those who are not familiar with 

Capacitor Discharge Ignition.
A capacitor (usually about 0.5 – 2uF) is charged to about 300 – 350V.  

The formula for the stored energy in each charge is: E=1/2·C·V²
In words:  the energy (E, in Joules) = capacitance (C, in Farad) multiplied by the voltage (V) across the capacitor, squared, multiplied by 0.5 (or divided by two, same thing)
For example: in the CDI design I am presenting here, the capacitor is 1uF.
It is charged to 330V before it is allowed to discharge.

The stored energy (E) in each discharge is:  1/2·1·330² = 0.05445 joules or 54.45 mjoules.
[Incidentally, the required minimum spark energy for Internal Combustion Engines (ICE) is said to be about 25 mjoules.  (millijoule = 1/1000 joule)]
As you can see, a 1uF capacitor delivers more than twice that minimum.
Of coarse, lowering the voltage decreases the energy. 
(AND also the average charging power required!) 
In case the capacitor is charged to only 300V (which will still deliver at least 20,000V to the spark plug), the energy in each charge is 45mjoules.  

(Still almost twice the claimed minimum.)
Again, note that the voltage (V) in the formula is squared.

This means that even a relatively small change in the voltage (increase or decrease)

results in a significant increase or decrease of stored energy.
However, keep in mind that HydrOxy requires considerably LESS spark energy.  

(Even a very low energy electrostatic discharge spark is sufficient to ignite HydrOxy!)

Capacitor Discharge Ignition differs significantly from the well known (and old!) ‘Kettering’ system.  
Instead of feeding the primary winding of the ignition coil with LOW voltage 

(12 – 14V) and HIGH current (5 -10A), HIGH voltage (300 – 350V) and LOW current is dumped into the primary winding from a charged capacitor.
Thus, the POWER requirement of the CDI system is only a fraction of the Kettering system!  

The design I am presenting here uses about 6W while the Kettering type ignition use 

50 – 120W, depending on the design.   

The above mentioned 6W power consumption is for a system requiring a maximum of 50 discharges per second which corresponds to 6000RPM for a ONE cylinder engine.
Naturally, for multi cylinder engines the power consumption will increase somewhat as the number of charge/discharge cycles increase.
The high voltage (300 – 350V) needed for a CDI system is obtained by using a DC – DC converter.  There are several types of DC – DC converters but all of them use an inductor or transformer of some sort.

Such a transformer (or inductor) usually has to be custom designed.
All designers face this problem.  
Most (if not all) manufacturers are not willing to design/make just a few pieces.  

Unless one is prepared to order large quantities, they are NOT interested.

Thus, the cost of any new design is very much an issue!

There is a very good reason for telling you all this.
Everyone who intends to duplicate this circuit needs the following information:

While investigating several options, I discovered that several types of commercially made 

DC – DC converters are available to power CFL’s (Compact Fluorescent Light).
One of these little beauties are sold here by Oatley Electronics for a grand sum of $4.00!!
www.oatleyelectronics.com

(one could hardly get a transformer for that price!)

But there is a catch.  Its output is over 500V! (unloaded)  
That is WAY too high for a CDI unit!  
Loading alone does NOT bring the voltage down to the desired value AND its output changes with load changes!

So, its output needs to be REGULATED.

There are basically two ways to do this.  One is to regulate the bias to the two driver transistors, the other is to regulate the input voltage to the unit.

I have tried both.  

When regulating the bias, both transistors need to be heath sinked since they are no longer turned on fully and so they run hot.

I found regulating the input voltage to be a lot better option.

Since this design is based on this particular CFL inverter (or rather, its transformer), everyone who intends to duplicate this design will face the same practical ‘problem’.

My circuit and pcb layout for this CDI system is built around this transformer.

I have actually bought a large number of these inverters. 
(there is no point designing pcb’s for just a few units).

I strip these units, discard the original (round) circuit board and transfer the components to my pcb.  

I found this to be by FAR the easiest and cheapest way to obtain the desired DC – DC converter!

In any case, even if I choose a custom designed transformer, duplicators would still have no choice but obtaining THAT particular transformer.

In case this is not acceptable to some of you, you are on your own and you have to 
“roll your own” design!  
Needless to say, I will sell completed units and perhaps kits, too.

Regulating the output was relatively easy.

However, during extensive testing I discovered that in case of certain possible fault conditions (more on this later) the DC – DC converter draws excessive currents which  over heaths the inverter transformer and destroys the driver transistors.  

Therefore, I have added a fairly complex protection circuit which I developed/designed.  It gives full protection!
Detailed circuit description

Let’s start with the CFL inverter described above.  
While the manufacturer/supplier does not offer any kind of description (they hardly ever do!), it is easy enough to figure out how it works.  (it is not important)
All I want to say is that it is a clever, simple design which seems to be very efficient and works well.  It runs at about 100kHz.

Looking at my circuit diagram, the components used from this inverter are:

TF1, L1, Q7, Q8, C9, R26 and R27.

The output is full wave rectified by HV ultra-fast diodes (UF4007) D3, D4, D5 and D6.  

C10 (10n, 630V) is filtering the HV output.  

This 330V (or 300V) output is connected to one side of capacitor C12 (1uF, 400V).
The other side of C12 is connected to the “hot” side of the ignition coil primary.

The other side of the coil is grounded.  (as usual)

In other words, the other side of capacitor C12 is grounded through the ignition coil.

The capacitor’s stored energy is discharged into the coil as follows:
SCR1 (TYN816) is connected between the high voltage output and ground.

Its Gate is triggered by transistor Q9 (BC547), wired as an emitter follower.

When ignition pulses (from the ignition module) are fed to its base (through R28, 1k),

it turns on and its emitter supplies the trigger current from the 12V supply rail, through collector resistor R29 (390 ohms).  

When Q9 is turned on, some current also flows through  R30 (470 ohms) in addition to the SCR’ gate trigger current.  The low value of R30 and C11 (0.1uF) shunt spurious transients which could cause false triggering.
When SCR1 is triggered, it becomes (for all practical purposes) a short circuit.

Through this ‘short circuit’ the capacitors energy is discharged to ground.  
The discharge current also flows through the ignition coil’s primary which is transformed (1:100) and creates a secondary voltage well in excess of 20.000V!

(depending on the type of coil used).

Regulating the inverter’s output voltage
As I have stated above, I choose to regulate the inverter’s input voltage.

It is a standard ‘series pass’, OP amp based regulator. (IC1B, LM324)

It drives Q5 (BC547) and Q6 (TIP31B) in a Darlington configuration.
The HV (300 – 330V) output is attenuated by R23 (680k) and R24 (15k) and connected to pin 6, IC1B’s inverting (-) input.  
It is also connected to the emitter of Q6, which is the output of the regulator.

The non-inverting input is connected to the slider of P1 (10k), which, with R25 (3k3) forms a voltage divider to restrict the adjustment range of P1. 
This, in turn, limits the high voltage at the output of the inverter.
Since OP amp IC1B is a “virtual earth” amplifier, its inverting (-) and non-inverting (+) inputs are practically at the same voltage. 

Therefore, the voltage appearing at pin 6 (regulator’s output) will be the same as the voltage on pin 5, the slider of P1.
The voltage divider R21 (990k) and R22 (10k)/C6 (10n) provide a convenient low voltage, low impedance test point TP2 for adjustment/test purposes of the HV output. 

Protection circuits

First, I will try to explain why the somewhat complex protection circuit is necessary.
Please look at the circuit diagram.  
You will see that C12 (the 1uF capacitor which supplies the spark energy) is connected between the HV output and, through the ignition coil’s primary winding, to ground.
Now, consider what happens if C12 goes short circuit.  
(In other words, there is a short placed on the DC – DC converter’s output!)

The poor thing will try to supply power into a short circuit!  
(with plenty of current but almost NO voltage!)
As a result, current draw from the power supply will increase dramatically.  This causes the driver transistors AND the transformer to over heath, until something gives!

Consider now an open circuited C12.  
There is NO stored energy to discharge.  Then there is NO charge time to consider.  Remember that SCR1 (TYN816) is also directly across the HV output.  
Normally, when SCR1 fires to discharge the energy in C12, the current flowing through SCR1 is eventually reduced below its ‘holding current’ so it ‘drops out’.  
(stops conducting)
When there is NO capacitor, (same as an open circuit capacitor) there is NO periodic discharge, the DC – DC converter is continuously supplying current so SCR1 will NOT drop out.  
This means an INDEFINITE ‘short circuit’ (in form of a continuously conducting SCR) across the HV output.
Further, the EXACT same condition will also occur if the wire to the ignition coil’s primary is broken or disconnected.  (or if the coil goes open circuit)
IC1A is used to detect the presence/absence of the HV.  

R1 (12k) and R2 (680k) form a voltage divider between the HV output and ground.

The voltage developed across R1 is a fraction of the HV and it is fed to the non-inverting (+) input pin 3 of IC1A, used here as a comparator.

A fixed voltage (approx. 2.9V) is applied to the inverting (-) input (pin 2) from the voltage divider R4 (68k) and R5 (22k) which is filtered by C2 (10uF).

Under normal operating conditions the output of this comparator is HIGH.

Should the voltage on the non-inverting input (pin 3), which represents the HV output,

decrease significantly (below the voltage on pin 2, the inverting input) or disappear completely due to a fault condition, the output of the comparator IC1A (pin 1) will go

LOW.  

This output is connected to the Gates of DMOS transistors Q2 and Q4 (2N7000), through R6 and R15, respectively (both 100 ohms).

(Note: for this application bipolar transistors are un-satisfactory.  

Their off-state collector-emitter leakage is too high.)

IC1C and IC1D are wired as square wave oscillators.  Since the normally conducting Q2 and Q4 are connected between the inverting (-) inputs and ground, both oscillators are DISABLED.  (C3 – 3.3uF and C4 – 1uF are the timing capacitors)
In the (sampling) oscillator IC1C, the charge/discharge times are separated. 

This gives (with the component values shown) approx. 2 seconds HIGH and about 25 seconds LOW signal at IC1C’s output (pin 8).

Through D2 (4148) and R13 (10k) this signal is fed to the base of Q3 (BC547) which is used as an inverter. 

Q1 (2N7000) is connected between ground and the non-inverting (+) input (pin 5) of voltage regulator IC1B.

Its Gate is connected to the collector of Q3.  When Q3 is conducting, Q1 is NOT.
(NO Gate voltage – it is shorted by Q3)

When Q3 is NOT conducting, Q1 gets its Gate drive from Q3’s collector through R14 
(10k).  

Q1 is now conducting, bringing the voltage on the non-inverting input (pin 5) of the regulator (IC1B) to 0V.   

As a result, the regulator’s output is also zero.
NO INPUT VOLTAGE to the inverter means NO current draw.

In other words, this is NOT a current limiter.  
The inverter is completely OFF, drawing NO current.
As long as the fault condition exists, oscillator IC1C continues its 2/25 seconds ON/OFF
routine.  

Its output is inverted by Q3 which then turns Q1 OFF/ON.

So, when Q1 is OFF, the regulator (and the inverter) is working normally. 

When Q1 is ON (conducting), the regulator (and thus the inverter) is cut off.

In this condition, there is NO current draw.

In layman’s terms, this is what happens:

Due to a fault condition, (capacitor C12 open or short circuit, ignition coil primary open circuit, wire to the coil broken or disconnected…) oscillator IC1C is ENABLED and is producing a 2 seconds ON and 25 seconds OFF signal.
This signal ENABLES/DISABLES the regulator supplying the inverter.  

The 2 seconds ENABLE signal is for SAMPLING.  

Is the fault still there?  Yes.  OK, cut power OFF for the next 25 seconds.

Then, SAMPLE again (for 2 seconds) to check if the fault has been cleared or not. 
If not, this oscillator will continue its 2/25 second routine INDEFINITELY.

Since power is applied for only 2 seconds (SAMPLING) and there is NO power for 25 seconds, no harm is done!

If the fault has been cleared, the oscillator is disabled and the regulator/inverter once again works normally.
Since indicator LED1 for the sampling oscillator is only turned ON for 2 seconds (and OFF for 25 seconds) there is a need for continuous indication of a fault condition. 
That is the role of oscillator IC1D.  Under normal working conditions it is disabled by Q4 (2N7000) which is shorting its timing capacitor C4 (1uF).  

It is wired as a square wave oscillator which, under fault conditions, flashes LED2 ON/OFF about 3 times per second (~3Hz).  
Under normal operating conditions, the inverter’s regulated supply voltage output is around 6.4V.   Current draw is about 0.5A.  

With a short circuit placed on the output, the current rises to around 1 - 1.2A.
Should the regulator transistor Q6 go open circuit, the inverter simply stops operating.

However, should it decide to go short circuit, (unlikely, due to the moderate current draw of only 0.5A) the full rail voltage of 12V would be applied to the inverter and its output would rise to over 500V!  
This, in itself, should not be a problem, except for two things:
1.  Capacitor C12 (rated at 400V) might go short circuit (which would activate the protection circuit described above).

2.  The ignition coil would produce excessive secondary voltage which could cause internal insulation break down.

Testing and adjustment
A number of TP’s (test points) are provided for testing and adjustment(s) purposes.

There is only ONE adjustment to be made on this pcb, to set the inverter’s output voltage to the desired value (usually somewhere between 300 – 330V depending on the ignition coil used).

Connect a voltmeter (set to 600V or 1000V range, depending on the meter) between TP3 (ground) and TP1 (HV) and disable discharge triggering TP4 by shorting it to TP3.
Now adjust P1 to the desired voltage (300 – 330V)

You could also use TP2 (and TP3) to adjust to 3 – 3.3V (100:1 attenuator, provided mainly for oscilloscope connection to eliminate the risk of damaging its input)

The regulator’s output voltage (supplying the inverter) can be measured at TP5.
For a 330V output it should be around 6.4V.

The operating temperature of the inverter transformer and its driver transistors are a very comfortable 47°C and 45°C, respectively, measured in ambient temperature of 30°C!

Les Banki

(Electronic Design Engineer)

Water Fuel & LBE Technologies
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