Circuit description for Electronic Ignition/Injection design v.5
Important notice:

The control electronics described below is NOT suitable for engines with manual 
(pull cord) starters, UNLESS the pull cord is EXTENDED to provide MORE revolutions!
Reason: 
Recent physical tests of several manual start generators reveal that their pull cord starters only produce two (2) or 3 revolutions of their crankshaft.
That is only ONE (or 1.5) engine work cycle.

In order to establish & stabilize the necessary waveform for proper operation, 
AT LEAST ONE (or more) cycle is required. 

During this process NO injection or ignition pulse(s) are allowed.

In other words:

At least ONE engine cycle (2 crankshaft revolutions) is needed just to establish the correct waveform, WITHOUT injection or ignition pulses!  
Then, additional revolution(s) are necessary for starting.
Electric starters can deliver as many revolutions as needed and thus solve the ‘problem’.
Needless to say, this involves a battery which will be needed anyway as a start-up supply for the electronics and generation of Hydroxy.

Background
In my thesis, “Ignition system for small engines”, I briefly outlined why a new ignition system is needed with Hydroxy as the ONLY fuel and what are the technical requirements for such an ignition system.
To start with, here are a couple of quotes from an EXCELLENT web site which briefly explains (with moving animation!) ignition technology:  
“It is interesting to note that one complete engine cycle takes two revolutions but that individual valves and spark plugs only operate once in this time.  Hence their timing needs to be taken from a half engine speed signal, which is the camshafts speed.”
“If the timing disk is attached to the crankshaft, there is a need in some engine configurations to have a sensor on the camshaft so that the igniter knows which ½ of the four-stroke cycle the engine is in.”  

(http://www.gill.co.uk/products/digital_ignition/Introduction/6_4stroke.asp)
Most (if not all) existing small engines use a magnet mounted on the fly wheel which gives two pulses for every engine cycle.  (thus generating “waste” sparks)                                                                            Electronically dividing by two would NOT solve the problem since another signal would be needed to determine which one of the two pulses we want and which one we don’t.  
Only ONE sensor is needed IF it gives only ONE pulse for every ENGINE cycle.       
It does not matter WHERE in the engine’s cycle this pulse originates because it can be electronically ‘moved’ anywhere in the engine’s 360º (100%) cycle.
The obvious choice of a sensor is a ‘Hall effect’ switch.                                              Since modern engine blocks are non-ferrous (aluminium) alloys, the Hall switch can be placed on the outside of the engine block.  For example, it can detect the position of a magnet which is fitted to the valve’s ‘rocker’ arm.                                                 

As the ‘rocker’ arm/magnet moves in and out of certain positions, the Hall switch turns on/off.
This sensor must detect the position of the cam shaft (which makes one revolution per engine cycle), NOT the crank shaft (which rotates twice for every work cycle).

Looking at most small engine designs, it seems that accessing the cam shaft is easiest at the exhaust/intake valves under the valve cover.

Thus, the mechanical modification consist of fitting a small magnet to the rocker arm of the exhaust (or intake) valve but because the magnetic field is blocked by ferrous metal, if the valve cover is made of steel, it must be either replaced with a non-magnetic one (like aluminium), or, cut a hole in it which is then covered by some non-magnetic material. 

Surely, the above modification should be easier than making a 2:1 gearing!

My choice is to place the magnet on the EXHAUST valve’s (rocker) arm for the following reason: 

The EXHAUST stroke is the LAST of the engine’s working cycle.  

From this point, everything is in the correct order.  First the INTAKE stroke, during which the gas will be injected at the correct time (and duration, determining the speed)
Now the pulses from the Hall switch can be correctly delayed by the required amounts for the Injection and Ignition functions.
Following the INTAKE stroke is COMPRESSION, at the end of which IGNITION takes place.

As the pulses from this single Hall switch usually do not occur exactly where we want them, they need to be ‘moved’ (delayed) to deliver the desired injection/ignition functions at the correct times.
First, some engine basics: 
Engine speed is expressed as RPM (Revolutions Per Minute).

In electronics, however, the unit of time is SECOND.
Since there is 60 seconds in a minute, (it was the last time I checked! ( () 

the engine’s RPM is divided by 60 to get  the engine’s ‘frequency’, in Hz.

Example; an engine running at 3600RPM (crankshaft speed), divided by two is 1800 engine cycles per minute.  Divide that by 60 gives 30Hz.
It means that the spark plug is going to fire 30 times per second.
One thing is CERTAIN.  

IF the fuel is Hydroxy ONLY and when there is a sufficient volume of it mixed with air in the cylinder and a spark occurs, it WILL explode, regardless of correct or incorrect timing!!!

Due to this fact, irrespective of all other design changes, when starting the engine, injection/ignition pulses MUST be inhibited for at least ONE cycle in order to establish and stabilize the saw tooth waveform.

In practical terms this means that the engine would start on the 2nd (or 3rd ) revolution of cam shaft (4th or 6th revolution of crank shaft) which would NOT be within the firs pull of the cord!!  (for manual start)  
For this reason electric start is needed.  (or pull cord extended!)
Once again:  Since 1 Hz is 2 crank shaft revolutions, the RPM is 120.

2 Hz is 4 revolutions and thus 240 RPM.

Principle of operation:

1.  The first task is to convert the pulse train from the Hall switch to ‘frequency’. 
[(so that ONE ‘period’ is ONE engine cycle.  (4 stroke)]
This can be done by either digital or analog means.  (or a combination of the two)

Both have advantages and disadvantages.

While the modern “buzz” word is “microprocessor”, there is no need for it here with its  complex software programming.

Basically, the two main issues with any design are: simplicity and cost.

My choice for this design is analog.  
It is a relatively simple and low cost design. 
2.  The engine’s frequency is transformed into a LINEAR saw tooth waveform.

This saw tooth is fed to a comparator.  The output is a variable duty cycle square wave.

[This is the basic principle of the analog Pulse Width Modulator (PWM)]
3.  The rising or falling edge of this variable duty cycle square wave is used to trigger the desired ignition/injection action.
New ignition & injection control design

Close examination of my previous design revealed two problems:

1.  When starting the engine, an ignition pulse was allowed to occur following the 

     very first pulse from the Hall switch!  

    [At least two (2) pulses are necessary to create & stabilize the desired waveform!]

2.  Frequency-to-Voltage converters are inherently slow.  

     When rapidly changing the frequency, large amplitude variations are unavoidable.  

     This plays havoc with the injection & ignition timing to the point of being useless!

     Note: all this occurs ONLY at very low STARTING frequencies.  (1Hz – 5Hz)
First of all, I have drawn a chart I named “4 stroke engine timing cycle”.

Not only does it aid the understanding of a 4 stroke engine’s work cycle and the injection & ignition process but it also serves as an essential reference for the initial set up of the injection & ignition timing circuits for the engine used. 

Like the previous design, this new design is also based on a Hall switch, activated by a magnet attached to the exhaust (or intake) valve’s rocker arm.  

(Thus, the pulses always occur at the same “degree” of the engine’s work cycle.) 
The control circuit’s basic principle of operation also remains the same:

creating a linear saw tooth waveform from the pulses supplied by the Hall switch.

However, the new design DOES NOT USE a Frequency to Voltage converter (F/V) which has an inherently slow response.

Further, the method of generating the linear saw tooth voltage has also changed. 

Instead of fast charging the timing capacitor and slowly discharging it with a constant current source, (producing a falling slope) it is now continuously charged by a simple constant current source, producing a rising slope.

The main reason for this change was/is to obtain a Ground (0V) referenced waveform which is much easier to manipulate. (for example in a feed back loop) 

The new circuit operates as follows:

The pulse train from the Hall switch, IC1* (on its own pcb), is fed to monostable IC1A’s rising edge input A (pin 4, 4538 dual monostable)

The output pulse width is set to 100µs by R3 (10k) and C3 (10n). 
These pulses (from pin 6) are fed to the falling edge B input of IC1B (pin 11), the ‘clock’ input (pin 14) of IC6 (4017) and also to the ‘logic’ input (pin 8) of track & hold IC5 (LF398) through attenuator resistors R20 (3k3) and R21 (1k).

Monostable IC1B’ (4538-2) output pulse width (100µs, at pin 10) is set by R4 (10k) and C4 (10n).  

These pulses operate switch Q2 (2N7000) which discharges timing capacitor C5 (0.1µ). 

Continuously charging C5 is a simple constant current source, comprising of Q1 (BC327), D1 (4148), R6 (3k3) and R7 (270k).
(Charging time constant is determined by C5 and R7.)

The resulting linear saw tooth is buffered by IC2 (TL071), wired as a unity gain voltage follower. 

The buffered saw tooth (output of IC2) is fed to both inputs of IC3 (TL071), 

a Voltage Controlled Amplifier (VCA) through R8 and R9 (both 10k). 
The ‘gain’ control elements are P-channel JFETs Q3 and Q4 (both J174), operating in their ‘ohmic’ (linear) region, their D-S voltage being restricted to a few tens of milli volts by the inputs of the OP amp.  (IC3)
Since the VCA (IC3) is inverting, the next stage, IC4A (TL072-1) is another inverting amplifier with unity gain (-1).

Its output signal (from pin 1) is now of correct polarity and is fed to comparator/error amplifier IC4B’ (TL072-2) inverting (-) input (pin 6).

Its non-inverting (+) input (pin 5) is fed with an adjustable voltage from the voltage divider R16 (8k2), P1 (10k) and R17 (22k).
These component values give a range of approx. 6.56 – 9.55V (for 12V supply) and 2.73 – 3.98V (for 5V supply) for setting the saw tooth amplitude to the desired level.  

The error signal (from the output of IC4B, pin 7) is fed, through R19 (10K) to the input (pin 3) of track/hold IC5 (LF398).
At the peak value of the saw tooth, IC5 is put in the Hold mode for the duration of the following cycle.  

This DC voltage is fed from its output (pin 5) to the gate of Q3 (J174) JFET.

It is this voltage which sets the gain of the VCA.
Thus, the VCA (IC3), the unity gain inverter (IC4A), the comparator/error amplifier (IC4B) and the track/hold stage (IC5) form a feed-back loop to correct the amplitude of the waveform as the frequency changes.

[Suppose the starting frequency is 1Hz and the saw tooth P-P amplitude is set to 8V.

(3.33V for 5V supply)

When the frequency has increased to 2Hz, the amplitude has DECREASED to 4V (1.66V for 5V supply) and needs to be amplified (x2) to bring it to 8V.  (3.33V for 5V supply)
At 4Hz, the amplitude is 2V (0.83V for 5V supply) and it is amplified by 4 to bring it to 8V (3.33V for 5V supply) and so on….)
Unlike the inherently slow Frequency to Voltage converter,
 this method stabilizes the waveform amplitude after only ONE completed cycle.
This is due to the fact that amplifier action is FAST! 

(device propagation delays are measured in micro or nano seconds!)

The amplitude AND polarity corrected saw tooth waveform from IC4A’ output (pin 1 & TP9) is fed, through R36 (10k), to the inverting (-) input (pin 2) of another comparator, IC9A (LM393-1).
A voltage divider is formed by R34 (22k), P4 (10K) and R35 (33k) and the non-inverting (+) input (pin 3) of IC9A is connected to the wiper of P4 (10k), thus: 
P4 is the IGNITION PULSE POSITION adjustment.

The above component values of the voltage divider allow a wide range of adjustment.

However, to suit different engine designs, the values of R34 & R35 may be altered.  
Since we now have a rising ramp, the voltage on the inverting (-) input (pin 2) of the comparator IC9A (LM393-1) remains below the set point on the inverting (+) input 

(pin 3).
As a result, the output of IC9A stays HIGH until the set point is reached.
When that happens, the output snaps LOW.

This falling edge pulse triggers monostable IC8A (pin 5).
The output pulse width is set to 100µs by R38 (10k) and C17 (10n) and is available from 

pin 6 (Q output of IC8A).

These 100µs pulses are fed to the base of ‘emitter follower’ ignition trigger transistor Q9 (BC 547) through R39 (2k2) and R28 (1k). 
Q9’ collector resistor R29 (390 ohms) supplies the necessary trigger current for SCR1 (TYN816).  

R30 (470 ohms) & C11 (0.1µF) help to reduce/eliminate spurious noise pulses from the SCR’s gate.
(Note: Q9, R28, R29, R30, C11, SCR1 and capacitors C12A,B,C are on the CDI module)

Capacitors C12A,B,C (1µF  400V) are continuously charged to 330V by a DC-DC converter.  

The stored energy is then dumped into the primary winding of the ignition coil.
Thus, it is a CDI (Capacitor Discharge Ignition) system.

In practice, ALL generators are run at a CONSTANT speed somewhere in the range of 2000 to 4000RPM (depending on design).

(Remember, this ignition system is designed specifically for ONE cylinder generators.)
Injection
In the general practice of the “art”, the injection solenoid is sometimes turned on just before the intake valve opens to gain a little extra time for injection.  
(But it must be turned off before the valve closes.)
The volume of gas injected is determined by gas pressure AND the solenoid’s ON-time. 

Just as with the ignition, injection timing is related to the engine’s work cycle.  

The injection circuit is almost identical to the ignition circuit with a couple of differences.

Just like the ignition circuit, the injection comparator (IC9B-LM393-2) gets its linear saw tooth signal from the output of IC4A (pin 1 & TP9), connected through R30 (10k), to its inverting (-) input (pin 6).
The non-inverting (+) input (pin 5) is connected to the wiper of P2 (10K) which is part of a voltage divider.  [R28, (68k) – P2 (10k) – R29 (15k)]

P2 is the injection STARTING POINT adjustment.

Again, because of the rising ramp, the output voltage from IC9B (pin 7) is HIGH until it reaches the set point.

Then it snaps LOW and this falling pulse triggers monostable IC8B (pin 11).
Its output pulse length is determined by P3 (100k), R32 (15k) and C15 (68n).

With these component values it is adjustable from about 1ms – 8.2ms.
P3 is thus the SPEED (RPM) control of the engine.
Note: 
If using the automatic RPM control module, monostable IC8B is now used to create short, fixed time constant trigger pulses to the VCT on the auto RPM board.
Now R32 is 22k, C15 is 1n and P3 is replaced with a shorting link.  
(time constant approx. 22us)
The negative going pulses are taken from the Q-bar output (pin 9) and fed to control pin 5 of the VCT.
All solenoid driver components are omitted and are fitted to the auto RPM board instead.
The MTP3055E MOSFET has an in-built protection diode.

(If  MOSFETs without in-built diodes are used, an external diode MUST be fitted!)

In addition, in order to eliminate the very large (close to 100V!) BEMF pulses generated by the solenoid coil, diode D3 (4007) must be fitted across the coil. 
ANY power MOSFET can be used which can comfortably switch 2A or so.  
(It is most unlikely that you need to use a higher current solenoid.)
I have tested 2 gas injector types:  one draws just under 1A and the other just under 2A.

Since the ON resistance of most power MOSFETs are in the ‘milli ohm’ range, there is no need to put the MOSFET on a heath sink.  Further, the injector solenoid is only ON for ¼ of the total time (during INTAKE) and thus its “duty cycle” in only 25%. (max.)
Blocking injection/ignition pulses at start up:

An ACCURATE method is a digital pulse counter feeding a retriggerable monostable, which in turn enables/disables the monostables delivering the injection/ignition pulses.

The pulses from the Hall switch (or from the monostable) are clocking decade counter/decoder IC6 (4017), which counts the pulses.

At the desired number, say, 3 pulses, the counter is reset and at the same time it delivers pulse number 3 to IC7B (4538-2), configured as a retriggerable monostable.

The time constant of this monostable output pulse must be at least 3 pulse periods from the Hall switch, in order to prevent it from terminating its timing cycle.

This means that at the very low cranking speed of the engine, say 1Hz (120RPM), it needs to be just over 3 seconds.

In practice, the time constant can be set to 4.7 seconds (approx.), using a 1µF capacitor (C13) and a 4.7M resistor (R26).  (T = R*C,  4.7*1 = 4.7s)

This is the way it works:

When power is applied, all stages are RESET.  (Hall switch, counter, monostables, etc.)

In particular, the retriggerable monostable IC7B’s Q output (pin 10) is LOW when reset. It disables injection pulse monostable IC8B by pulling its CD (clear) input (pin 13) LOW by forward biasing D3.  (diode ‘clamp’)
Likewise, ignition pulse monostable IC8A is also disabled by pulling its CD (clear) input 

(pin 3) LOW.

Thus, since IC8A & B are disabled, NO injection or ignition pulses could occur, even if trigger pulses are supplied.
Details:

By cranking the engine, the Hall switch starts delivering pulses.

The counter, IC6 (4017), counts these pulses.  

When the pre-set number is reached (say 3), it resets itself and at the same time it triggers the retriggerable monostable IC7B, with a set timing period of 4.7 seconds.

In the reset stage, its Q output (pin 10) is LOW.

For normal operation, R27 (10k) keeps the CD inputs of the injection & ignition monostables IC8A & B HIGH.

During the pulse count after a reset, the CD inputs of IC8A & B (pins 3 & 13) are held low by IC7B’ LOW output and the clamp action of D2, disabling them.  

When the set count is reached, IC7B’ output goes HIGH and that enables operation of IC8A & B by removing the clamp.  
Repeat:  from reset, during the pulse count, IC8A & B are disabled.
When the set count is reached, IC8A & B are enabled to operate normally,

allowing injection & ignition pulses to be delivered to their respective circuits.
As the engine picks up speed, the pulse period from the Hall switch gets shorter.

However, due to the long time constant of 4.7 seconds, even if the engine speed remained at a very low RPM indefinitely, the monostable timing period could still not terminate, so ignition pulses would be delivered as normal.

During normal operation, monostable IC7B receives only every third (3rd ) (or higher) pulse as trigger pulse from the counter.

(This stage can be considered as a “missing pulse” detector.) 

When the engine has stopped, it takes 4.7 seconds (after the last trigger pulse) to terminate the monostable’s timing cycle and once again clamp the ignition pulse delivery.

In practical terms it means that the engine can be re-started after about 5 seconds with a guaranteed blocking of the first 2 (or 3, as required) ignition & injection pulses!

Note:  3 pulses from the Hall switch constitute 2 full engine working cycles.

(Between 1 and 2 is ONE and between 2 and 3 is TWO full engine work cycles.)

Keep in mind that the third (3) pulse is the start of the THIRD cycle and subsequent ignition pulse.

Testing and adjustments:
First, a variable frequency (1Hz to 40Hz) pulse generator is connected to TP4. 

(Hall switch input)
To test & adjust this circuit, a DUAL TRACE oscilloscope is essential.
When using BOTH probes, I suggest you connect only ONE of the ground probes as the circuit is sensitive to ‘ground loops’.  
(they may upset not only the measurements but also the operation of the circuit itself)
Set up adjustments of this new design are considerably simpler than the previous one!
Apart from the CONTROL PANEL adjustments of the IGNITION point (P4) and SPEED (P3), there are only two other (pre-set) adjustments:
1.  Saw tooth amplitude, using P1  (set DC voltage at the wiper of P1 to 8V)
2.  Injection STARTING point with P2

This Ignition/Injection control circuit, together with the CDI module and the Hall switch, forms a COMPLETE ignition system.

Before you decide to go ahead building/using it, you should also read 

“Important notes about the Ignition & Injection control circuit and Test Oscillator”. 

Notes:

VCA (IC3) MUST be a single OP amp package. 

For some strange reasons [which I had no time (or desire!) to investigate], it refuses to work properly with an OP amp from a dual or quad package!
The saw tooth amplitude DOES vary somewhat.  

It is highest at the low frequency end (1Hz), decreasing to a steady value in the desired frequency range 15 - 30Hz  (1800 – 3600RPM) where most engines will be running.
However, this small amplitude change can be ignored since the engine spends very little time in the cranking mode (very low RPM) and the ignition point there is not critical.

What IS important is that it is STABLE in the required running RPM range.  
Les Banki

(Electronic Design Engineer)

Water Fuel & LBE Technologies
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