Re-fill control electronics circuit description
As I indicated in my short article “Re-filling series cell systems”, HIGH voltage electrolyzers cannot use the galvanic probes type level sensors for obvious reasons.

Optical level sensing is the ideal choice for the CLEAR Acrylic which is used for the electrolyzer and main tank in this project. 

My choice is PULSED IR (Infra red) in order to eliminate the effects of ambient light.

Frequency is very low (12-14 Hz , approx.) and the ‘duty cycle’ is 0.001% !!

Thus, pulse width is only approx. 8 µs (Mark/Space ratio is 1:1000!) and the 
IR LED can be pulsed with HIGH current (>1A!) without risk.

(The frequency could be higher but then the pulse width becomes shorter.  

Photo transistors have relatively high gain at the expense of their speed. 

They require less amplification and the circuit is simple. 

Very short pulses require the use of much faster photo diodes which need higher amplification.)

Thus, a single OP for each beam (LM358-dual OP) is used to amplify the short IR pulses.

Due to the very limited band width of the LM358 IC, the amplified pulses are MUCH wider than the input pulses from the SFH-313FA photo transistors.

In this (charge pump) application, that is an advantage.

To get the automatic filling process to work in the correct sequence, FIRST TIME filling must be done MANUALLY, with the level control electronics disabled!
[There is also another reason for MANUAL filling.

The water pump is intended for filling the electrolyzer’s MAIN tank from the “fuel” tank.

(which contains PURE water)

Therefore, it would be UN-wise to complicate matters by using that clean water pump for highly corrosive electrolyte solution!

Naturally, a second pump could be used only for pumping electrolyte solution but it is not worth the extra cost and complexity.]

If the filling was done correctly, the MAXIMUM levels in the electrolyzer and in the main tank should be correct.

Then the initial conditions are:

Containers are FULL.  

At power-up of the ECU, ALL circuit stages are RESET. 

That includes ALL electrolyte level sensors AND both MOSFET driver F/Fs (4013).

Therefore, both the solenoid (electromagnet) AND the water pump are OFF.

[Note: in this document, CP means “charge pump”.

When a beam is blocked, its CP output is LOW (about 0.6V).

When a beam is NOT blocked, its CP output is HIGH. 

(approx. 10V, with a fairly high amplitude, low frequency ripple).]

UPPER beams control MAXIMUM levels.  (RESET)
LOWER beams control MINIMUM levels.  (SET)

As the single FLOAT (only ONE in each tank) moves with the changing electrolyte level, it blocks & un-blocks the MINIMUM and MAXIMUM sensor beams in a certain order. 
It can have only 5 possible “states”.
It may be:

1.  ABOVE the MAXIMUM sensor beam (over-filled)

2.  BLOCKING the MAXIMUM sensor beam

3.  Between the MAXIMUM and MINIMUM beams (but NOT blocking either)

4.  BLOCKING the MINIMUM sensor beam

5.  BELOW the MINIMUM sensor beam

The MINIMUM (SET) sensor beam circuit is arranged for rising edge trigger.

So, the moment the FLOAT moves from position 4 to 5 (which is a L-H transition), filling STARTS.  

As the level rises, the FLOAT briefly blocks the MINIMUM sensor beam again.

But since this is a H-L transition, it is ignored.

The FLOAT continues to rise and blocks the MAXIMUM (RESET) sensor beam.

That is a H-L transition and this stage is wired for falling edge trigger, filling STOPS.

As long as power is NOT interrupted, everything works in the proper sequence.

Note, however, that when power is turned OFF (for engine maintenance, for example) and then restored some time later, the sequence changes!  

IF power is turned OFF when the MINIMUM beam is just un-blocked and re-fill has started, when power is turned ON again, the circuit powers up in the RESET mode and re-fill will NOT resume!!  

This condition may not be very likely but it is certainly possible!

To restart the filling process, the driver Flip-Flop IC4 must be SET at power-up!
This must be done AUTOMATICALLY since the NO FILL condition is NOT obvious!  
It is done by ‘saving’ the state of the Flip-Flop in a non-volatile memory cell before power is removed and then restore it at ‘power-up’.
This requires an additional, independent power source to power the memory cell.
To sum it up: 

If power is turned OFF while re-fill is in progress, then, at the next power-up, filling MUST continue.

During re-fill, the solenoid/pump driver F/F IC4 (4013) is SET and its output is HIGH.

So, after the next power-up, the F/F must be SET again to continue the re-fill process.

Repeat: 

The memory cell (latch) IC6 (4013) will retain (save) the state of the SET F/F’s 

(IC4-4013) output (H or L) when power is turned OFF. 

At power-up, electronic switch IC5A (4066) momentarily connects the latch’s 

(IC6-pin 1) output to the SET input of the F/F, IC4-pin 6 (S).

If the output of the F/F was LOW when power was turned OFF, nothing should happen because the SET input of the F/F, IC4, is also LOW.  (1M resistor, R12, to Ground)

If, however, the F/F’s output was HIGH when power was turned OFF, this HIGH, when connected through the electronic switch, will SET the F/F.
Thus, re-fill will resume.
The electronic switch IC5A (4066) is turned ON momentarily by a simple RC network.

[Capacitor C6 (0.1u) from the +12V rail to the Gate and a resistor R11 (1M) to Ground.

These MUST be connected to the regular power supply rail.]

Once the capacitor is charged, Gate voltage returns to 0V and the switch is OPEN.

Power to the memory cell (IC6-4013 D-type F/F) AND the electronic switch (IC5A+B-4066) is supplied by the stand-by battery which is ALWAYS connected (and charged).

During normal operation, electrolyte level slowly falls.

As the level is going down, the MAXIMUM beam is un-blocked, it’s CP output goes from LOW to HIGH (rising edge transition), nothing should happen.
This means that the RESET monostable IC3B (4538-2) must be wired for falling edge trigger.
But, SUPPOSE electrolyte was filled (manually) ABOVE the position of the MAXIMUM beam sensor.

In that position, the beam is NOT blocked so it’s CP output is HIGH.

As the level falls, it will block the MAXIMUM beam.  

It’s CP output is now LOW.

That is a H-L, or falling edge transition!

So, a RESET pulse will be generated.

However, this circuit is ALREADY in the RESET stage, so there is NO change!

As the level falls further, it will un-block the MAXIMUM beam.

It’s CP output is now HIGH again.

However, THAT was a L-H, or rising edge transition.

This is also ignored because this stage is wired for falling edge trigger!  
When the level drops further, it blocks the MINIMUM (SET) beam. 

It’s CP output goes from HIGH to LOW, which is a falling edge transition.

This is ignored as this stage is wired for rising edge trigger.

As the level drops further, the MINIMUM (SET) beam is un-blocked.

That is a L-H transition which SET the F/F IC4 (4013-1) which turns ON the filling solenoid (electromagnet).

Repeat: the SET monostable IC3A (4538-1) must be wired for rising edge trigger.

Thus, the rising edge trigger pulse starts the filling process.
It continues until the level rises and blocks the MAXIMUM (RESET) beam – 

it’s CP output goes from HIGH to LOW, a falling edge transition.
Again, this means that the RESET monostable IC3B must be wired for falling edge trigger.
The RESET pulse ENDS the filling cycle by turning OFF the solenoid (electromagnet).
Since the process of re-filling the main tank is the same as for the electrolyzer, the circuits – and their operations - are identical.
For correct operation of the filling sequence, at every power-up it is necessary to delay the turn-on of the SET/RESET monostables IC3A/B-4538-1-2.

This is achieved by using an R/C delay on its CD (control) pins 3 & 13.  

(R6-1M, C5-0.1µF)

If this is not done, the spike (pulse) produced during power-up by IC3A' output would SET the solenoid driver F/F and thus start the filling operation, needed or not!

Likewise, an unwanted pulse (spike) from IC3B' output would RESET the memory cell at the very next power-up, loosing the information needed to complete the filling process.

Note: this circuit does NOT need any adjustment!
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