Pressure regulator circuit description 
It is logical that fuel supply pressure (liquid or gas) to any engine (injected or otherwise) should not be allowed to fluctuate too much.  If it does, all kind of problems will arise.
Therefore, pressure needs to be REGULATED.
These days, just about everything is controlled by electronics.

So, it should not come as a surprise that HydrOxy gas pressure will also be regulated by electronic means.

Modern electronic pressure sensors deliver a voltage (or current) output, amplified or 
un-amplified, depending on model and manufacturer.  

Un-amplified sensors need sophisticated (read: expensive) ICs to amplify their low output, usually around 40 to 100mV full scale.
In most cases, even the amplified types need further signal processing to obtain the required span and offset.  

For example:  the MPX5500DP (made by Freescale) is an amplified sensor which has a pressure range of 0 – 500 kPA (0 – 72.5 PSI). 
Zero pressure output is 0.2V and at 500kpa it is 4.7V.  
Output span is thus 4.5V.   

Suppose the pressure is to be displayed in PSI.

The 4.5V span needs to be converted to read 0 – 72.5 PSI. 

In other words, the voltmeter needs to display 00.0 at zero pressure and 72.5 instead of 0.2 and 4.7 (V)
So, the 0.2V minimum level needs to be ‘level shifted’ (down) to 00.0V and the 4.5V span amplified to 7.25V.  (amplification factor of 1.61)

The meter will then display correctly in PSI.  (72.5)
The same will apply if the display is to be in kPA.  

Once again, level shift is necessary but the amplification factor is reduced to 1.11
(5V:4.5V=1.11)

The meter will thus read 00.0 at zero pressure and 500 at 500 kPA.

Pressure is regulated as follows:

By applying a voltage which represents the required pressure to a comparator as a reference, the comparator’s output will go low (or high, depending on circuit configuration) when the voltage output of the pressure sensor equals/exceeds the reference voltage.
This signal is then used to switch the power off/on to the electrolyzer.
Hysteresis (pressures where power is turned on and off) can be made (if desired) adjustable within practical limits.

The pressure setting reference voltage is also adjustable and it is displayed on an LCD meter in either PSI or kPA.
Circuit description:

Note that the MPX5500DP pressure sensor needs a +5V supply.

Its output is de-coupled by C6 (1n) and fed through resistor R1 (10k), to the inverting (-) input (pin 6) of IC1B (LM324), a unity gain inverting amplifier. 

R1 and R3, both 10k, set the gain to -1 (unity) and R2 (5.1k) sets the input current of the non-inverting (+) input (pin 5) approx. equal to that of the inverting (-, pin 6) input.
IC1A is also inverting so the output is now positive again.  
This stage has adjustable gain (P1, 20k, 25 turn trim pot.) 

Gain is set by P1, R4 (51k) and R7 (100k).  R6 (39k) sets the non-inverting (+, pin 3) bias current to approx. the same as that of the inverting input (-, pin 2). 
‘Level shift’ is adjusted by P2 (10k, 25 turn trim pot.).  

Thus, IC1A is a ‘virtual earth’ mixer, adding the amplified signal and the ‘level shift’ voltage together, with NO interaction between the controls P1 and P2.

To operate as a ‘virtual earth’ mixer, this amplifier stage needs to be inverting.  

For proper operation, a negative supply rail is also required.

The voltage (now representing correct pressure) is taken from the output of IC1A (pin 1)

and fed to the inverting (-) input (pin 13) of IC1D which is used as a comparator.
Some hysteresis is introduced by applying a small amount of positive feedback from the output (pin 14) to the non-inverting input (pin 12) through R11 (10M).  

The values of R10 (3.3k) and R11 (10M) are carefully calculated to give the desired amount of hysteresis.

An adjustable reference voltage, (P3, 10k and R9, 2k2) corresponding to the desired pressure, is fed to the non-inverting (+) input (pin 10, IC1C).

IC1C is used as a unity gain voltage follower which has a very low output impedance.

Since IC1 (LM324) operates with a ± supply voltage, the comparator’s output 
(IC1D, pin 14) swings between the positive and negative supply rails, instead of the usual positive rail and ground (0V).
As the swing below ground could possibly interfere with the power stage to be controlled, it is eliminated by using a transistor (Q1, BC547) output stage with the added bonus of  very low impedance, high current drive capability and swinging only between the positive supply rail and ground.
When the output of the comparator swings negative (close to the negative supply line), diode D1 (4148) is reverse biased, cutting off drive to Q1.  

The collector voltage of Q1 then rises to the + supply rail.   
This output is used for power systems requiring positive voltage to cut power.

To cater for systems requiring negative control voltage, another transistor stage is added.

(Q2, BC547) 

SW1a & b (DPDT) selects the required output polarity.

LED1 turns ON when the comparator’s output goes low, indicating that pressure has exceeded the pre-set value and power has to be cut off.  
The value of LED1’s current limiting resistor (R12, 6.8k) is fairly high since the voltage between the positive and negative rail is twice as high as the single supply rail.  
Testing & adjustments
With NO (0) pressure applied to the sensor, check its output voltage at TP5.

(Expected to be around 0.2V)  

Connect digital voltmeter to TP6.  Adjust P2 (level shift) to a reading of 0.00V 
Outcome: 0.00V reading for 0 pressure.

Now, if an accurate pressure source is available, adjust the gain for the correct ‘slope’.

(Example: if the reading is required in PSI, apply, say, 30PSI pressure.)

Then, with the meter still connected to TP6 (which is amplifier IC1A’s output), adjust P1 to read 30.0 on the meter.
Outcome: 30.0 reading for 30PSI pressure.
However, adjusting the gain without any pressure being applied should be just as good, judging by the figures quoted by the data sheet for the MPX5500DP.

‘Zero pressure offset’ is quoted as:  Min. 0.088Vdc and Max. 0.313V – Typical 0.2V

‘Full scale output’               “         :  Min. 4.587              Max. 4.813              “    4.7V
‘Full scale span’ is quoted as:  4.5V
Note that this figure remains the same, regardless of the zero pressure offset figure.

This means that there is a very simple way to adjust the gain for the correct slope.

First, with the sensor connected but NO pressure applied, adjust P2 (level shift) to a reading of 0.00, as described above.  

Then, accurately measure the zero pressure output of the sensor at TP5.
Add 4.5V to this voltage (say, 0.2V + 4.5V=4.7V)  

Now apply this voltage, 4.7V (from a variable power supply) to TP5 but with the sensor output DISCONNECTED.  

To obtain the desired slope, the gain can now be adjusted.  (by P1)
Example 1:  for reading in kPA, adjust  P1 to read 500 (full scale)
Example 2:  for reading in PSI,               “              72.5          “

Pressure calibration is now complete.  

(Accuracy of the MPX5500DP is quoted ± 2.5%, maximum.)
Setting the required pressure:
With a digital voltmeter connected to TP7, adjust P3 (‘set pressure’ pot.) to the required reading.  Naturally, the reading will be in the ‘slope’ (kPA, PSI or whatever) you have chosen and adjusted as described above.
Les Banki

(Electronic Design Engineer)

Water Fuel & LBE Technologies

PAGE  
3

