AC power control circuit description
This circuit was developed/designed for powering high voltage, multi cell electrolyzers.

(However, it can also be used as a high power light dimmer, motor speed controller, etc.)
It employs AC phase control, using a Triac. (which is a very robust and reliable device!)

Phase control necessitates the use of a random phase optoisolator Triac driver (like the MOC3021) and the design of a synchronized zero crossing detector and a current limiter.

Using the components indicated on the circuit diagram, it will run comfortably at 240VAC at 10A – which is 2400W!  

It can be scaled up by using some components with higher ratings.

Through a bridge rectifier, the phase controlled mains AC power is applied DIRECTLY  to the electrolyzer! (NO transformer!)
Some may not like the idea but the advantages of a transformerless circuit for this purpose FAR outweighs the disadvantage of a LIVE electrolyzer.

(I am talking about a 120 cell, 240V unit.)  
LIVE or NOT, you keep your hands OFF a 240V device, AC or DC!  Period!
The only technical ‘problem’ I have encountered is the necessary isolation of the current limiter control signal from the ‘live’ mains.

(More about this later.)

Zero crossing detector:
From the mains transformer’s secondary (15V), diodes D1 and D2 (4007) feed pulses
to the inverting (-) input (pin 6) of the zero crossing comparator IC1B (LM324) through a voltage divider R1 (1k) and R2 (1k), clamped to +12V by Zener diode ZD1.

[This is done to avoid the pulse amplitude exceeding the power supply (12V)].

The non-inverting (+) input (pin 5) is biased by R3 (100k) and R4 (470ohm) to about 

56mV (0.056V).

Narrow, positive pulses appear at IC1B’s output (pin7).

These are fed through R5 (10k) to discharge switch transistor Q1’s (BC547) base.

A constant current source [comprising of Q2 (BC 327), LED1 and R7 (3k3)] is continuously charging capacitor C1 (0.1u).
Q1 periodically discharges C1, thus a LINEAR saw tooth waveform is formed.
(the fast discharge part of the waveform occurs during zero crossing of the sine wave)
IC1C is a unity gain ‘voltage follower’ (low output impedance buffer).

Its output (pin 8) is connected to the non-inverting (+) input (pin 12) of the PWM comparator (IC1D).

The inverting (-) input (pin 13) is biased by R8 (1M2) and R9 (10k) to around 12mV

(0.012V).  

This corresponds to the maximum output power for this type of circuit. 
(which is about 95%)
In other words, this is the output control pin.

The control voltage is applied to this point through diode D4 (4148). 

In this configuration, (as required for the purpose of current limiting) when the voltage increases, output power decreases.

The output of the PWM comparator IC1D (pin 14), through R10 (10k) and R11 (1k), drives the Gate of Q3 (2N7000).

D3’s Anode is connected to the junction of R10 & R11. 

Power OFF/ON control is achieved by applying a LOW signal to the Cathode.

This removes the drive signal from Q3’s Gate.

(This is used for timer operation as well as pressure control.) 

The LED in the optocoupler MOC3021 (IC2) is connected between the positive supply rail and the Drain of Q3, with resistor R12 (470R) limiting the current.
The remaining components around the optocoupler and the Triac are for limiting dv/dt,  suppression of transients and to reduce RF interference.

(C3, C4, C5, R13, R14, R15, VDR1 and L1) 

Now to the current limiting:
There are a number of options.  
Some are ‘sophisticated’ (read: expensive), others are not.
Since high accuracy or high speed is hardly required for this application, I have adapted an unusual approach to current limiting. 
Using the principle that current flowing in a conductor is heating it, I have a ‘dedicated’, short pcb track in the current path to the load (electrolyzer, etc.).

Over this track I place a diode (like the 4148 which has a thin glass envelope) with heath conducting compound (same as used on heath sinks) for good thermal conduction.
It is well known (or should be!) that a semiconductor junction forward voltage drop exhibits a temperature coefficient of about -2mV/C°.

This is amplified, say, 10 – 1000 times, depending on the required ‘sensitivity’ (Hysteresis).  

[In this circuit the amplifier is IC1A.  R20 (100k to 3M3) and P2 (2M) sets the gain.]
Referring to the circuit diagram: 

You find diodes D6 and D7 (both 4148), R16, R17, R18 and R19 (all 4k7) in a ‘Wheatstone Bridge’ configuration.  D7 is the temperature/current sensor.
P1 (500R – 25 turn) sets the current limit by balancing the bridge at the required temperature of the pcb track/diode (D7) and thus the current.  

[P1’s wiper is connected to the positive supply rail (12V)]
This adjustment works as follows:

As an example, suppose the track & diode temperature (at the required current) is, say, 
10°C ABOVE the ambient temperature inside the equipment.  

(Keep in mind that the other diode of the bridge, D6, IS at that ambient temperature.) 
So, -2mV/C° x 10 = -20mV.
P1 needs to be set so that the bridge ‘leg’ D7 is in, is 20mV HIGHER* than the point where the bridge would balance if both diodes were at ambient temperature.
(* Yes, HIGHER, since the semiconductor junction forward voltage drop is NEGATIVE.  When the junction temperature increases, forward voltage DROPS.)

Now, consider the effect of the inverting amplifier IC1A.

The ‘leg’ of the bridge where D7 is, is connected to the inverting (-) input (pin2).
If the voltage at this inverting (-) input is LOWER than the non-inverting (+) input,
there is output from IC1A (pin 1).  

[If much lower, the output SATURATES! – (close to the supply rail voltage.)]
If it is HIGHER, the output is ZERO!

This is EXACTLY the condition we want!

[As stated above, the sensor diode (D7) is connected to the inverting (-) input of IC1A but since its power supply is only single rail, its output simply cannot go negative.]
Adjust the current limit as follows:

First, connect a 60 - 100W light bulb as a load.  

(This minimum load is required to get the circuit operating correctly)

Now apply power.  The ‘current limit’ LED might be on or off.

If it is ON, turn the pot. clockwise until the LED is just OFF.

[This is the point where the diode bridge is balanced.  (Max. sensitivity.)]

Now connect the desired load (up to 2400W) and keep turning the pot clockwise and monitor the current on the panel meter.  (up to 10A)
Done.

To sum it up:  

The set up I described above could hardly be simpler!
It can be used for AC or DC (or ANY complex waveform) current as the thermal inertia in the copper track/diode body is MUCH larger than the waveform(s) time constant.

The diode body material gives electrical isolation between the mains voltage and the low voltage control circuits.
Bulk price of 1N4148 diodes in Australia is around 1 cent each! 

A 2 cents current limiter!  (2 in the bridge)
Note:

The above set-up is on 2 pcbs.
High voltage mains components on one, control circuit is on the other.

This gives flexibility as I have also developed/designed another current limiter, (on its own pcb) based on Allegro’s ACS712ELCTR-20A-T Hall effect current sensor.

Naturally, it gives the required isolation, however, its output is AC and it needs to be processed (and filtered) differently.

Les Banki

(Electronic Design Engineer)

Water Fuel & LBE Technologies
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