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Build this simple 12 or 20 Amp Maximiser 
Greatly improve the performance of solar-powered pumps and motors by 
building this larger 12 or 20 Amp version of our simple mini-maximiser, which 
is based on an original design by Alan Hutchinson, Plasmatronics, Melb. 
One of the more common uses of solar electric (photovoltaic)  
panels is driving motors, especially for water pumping. The motor  
is often connected directly to the solar panels and no storage  
battery is used. 

This arrangement works well but suffers from one major  
weakness. Since solar panels are effectively constant-current  
sources they cannot deliver extra power for starting motors  
like a battery can. In fact, due to the low resistance of  
motors when stopped, the panels can only deliver a small  
fraction of their maximum power during start up. This  
means that there is very little power available at the  
time it is most needed to get the motor running. 

Fortunately, this problem can be easily solved by  
using an electronic device to match the panel to the motor,  
thereby allowing the panel to deliver its full power into the motor  
even when the motor is stalled. A variety of such devices are  
available on the market including various forms of maximum power point  
trackers. These are quite sophisticated devices costing some hundreds of  
dollars. This kit allows you to build a simple maximiser that will perform almost as  
well as some of the more expensive commercial ones. 

How it works  
First, let's take a closer look at the problem. In developing the smaller version of the maximiser, we used a test 
system of a motor-driven diaphragm pump for testing the maximiser. This pump has a 12 volt motor nominally rated 
at 6 amps. The pump would not start when driven from a single 50 watt panel, even without a load. With 3.3 amps 
from the panel flowing through the motor, a mere 1.2 volts was measured across the motor. Hence, the power going 
into the motor was only 1.2 x 3.3 = 4 watts. If the panel was being operated at its peak power point (about 17 volts), 
it would deliver 55 watts rather than the paltry 4 watts it actually delivered. 

Therefore, the problem is getting the panel to supply its energy at 17 volts and deliver it to the motor at a lower 
voltage. More expensive maximisers use switch-mode down converters to perform this ‘DC transformer’ function. 
This maximiser is much simpler. 

The circuit consists of a large capacitor bank connected across the panel which can be connected by an electronic 
switch to the motor. When the switch is off, the capacitor bank will be charged up by the panel. As the open circuit 
voltage of the panel is usually above 20V in a 12 volt system, the capacitor bank can charge to quite a high voltage. 
When the capacitor voltage rises above an adjustable set point (in the range 10.5 to 17 volts) the electronic switch 
(the field effect transistor or FET) turns on. This connects the motor across the capacitor bank and a lot of current 
will flow from the capacitors into the motor. 

This will cause the capacitors to discharge rapidly. When the capacitors’ voltage falls about half a volt below the set 
point, the FET will switch off again and allow the capacitors to recharge. This cycle then repeats indefinitely. It is 
basically a free running oscillator with the rate of charge determined by the panel charge current and the rate of 
discharge determined by the amount by which the motor current exceeds the panel current. It is therefore possible 
to get more current flowing into the motor than is coming out of the panel (but not more power, of course). 

So, what is happening? The panel is delivering a steady current at close to the set point voltage. If the set point is 
close to the maximum power point of the panel, the panel will be delivering as much power as it can. On the motor 
side, the motor will be driven with pulses of high current, which is excellent for providing the high torque necessary 
to get it moving. 

When it’s stalled, the pulses will be large but of short duration. As the motor picks up speed the voltage across it will 
rise due to the back EMF of the motor and the pulses will be at a lower current but of longer duration. This means 
that the frequency of the oscillator will fall as the motor gets going. In our test system, the frequency, when running, 
was about 1kHz and the switch was off for about one third of the time. 

12A Maximiser board 

shown here. 

20A version has two extra 

capacitors loaded. 
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Circuit details 
The four (C1 – C4) large electrolytic capacitors (six for the maxi maximiser C1-C4, C7, C8) are charged by the 
solar panel and then quickly discharged into the load by the FET switch. We use a power MOSFET for the 
electronic switch. This device will block at least 60 volts and has a maximum on resistance of less than 0.005 
ohms. Because of the low on resistance, we can use just a single FET and a heatsink. 

D1 is a fast recovery diode (normal diodes do not switch fast enough) that is used as a freewheeling diode. This 
provides a path for the motor current to flow through when the switch is off, thus protecting the FET from high 
voltage spikes. 

An LM311 comparator is used to compare the working capacitor voltage (reduced by the adjustable voltage divider) 
with a reference voltage supplied by the 6.2 volt Zener diode. The output of the LM311 drives the FET switch. The 
100k resistor supplies positive feedback around the LM311 and creates about 0.5 volt of hysteresis between the 
switch on and switch off voltages. The 100pF capacitor speeds the switching and suppresses transition oscillations. 

24 volt version:  

If you are building the 24 volt version, the extra components listed should be used to limit the LM311 supply voltage 
to 15 volts, and the top 3k3 divider resistor should be replaced with a 12k (R1). Note that another 3k3, ¼ watt 
resistor (R6) replaces D2. ZD3 sets the output voltage of Q2 to just under 15 volts, and must be installed!  

12 volt version:  

If you are building the 
12 volt version, you 
need to make sure that 
you place a wire link 
across the two outer 
pads (the base and 
emitter [B/E] pads) of 
the BD139 regulating 
power transistor 
position, Q2 (not fitted 
in the 12 volt version), 
and use the 1N5819 
(D2) fast diode in place 
of R6. ZD3 is not 
required for the 12 Volt 
version. 

The maximiser circuit 
itself uses less than 2 
watts of power during 
operation, making it 
quite economical.  

Figure 2. The circuit board overlay shows where the  parts are positioned. Note that the 
trimpot, VR1 may be a short or long device—the circu it board allows for either type. 

Figure 1. The circuit diagram for the midi-maximiser. (12V/12A version shown with B/E link) 
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Construction  Note : The kit is supplied with the components to build either the 12 or 24 volt version, so 
there will be a few leftover components no matter w hich version you build. 
This is a bit more difficult a device to make than the smaller version maximiser, but should take no more than two 
hours to put together. To make it easier, the circuit is constructed on a predrilled circuit board supplied in the kit. 
The components are mounted on the opposite side from the copper tracks according to the layout diagram. Take 
care to get all the diodes, the LM311, the FET and the large capacitors around the right way. When soldering the 
components, take care not to create bridges between tracks. Make sure you use the IC socket as 8 pin ICs can be 
hard to remove if you haven’t done it before. The heatsinks for D1 and Q1 solder to the board. D1 and Q1 are 
bolted to their heatsinks (the heatsink is tapped) using the bolts and washers, along with the insulating heat 
transfer washers with the hole in it and the small plastic bushes. Attach D1 and Q1 to their respective heatsinks 
before you solder them to the circuit board. The large capacitors, connectors and heatsinks have been ‘thermally 
relieved’ to allow you to solder more easily.  

When assembly is finished, check that each 
component is in the correct place, that it is 
the right way round and that there are no 
bridges between tracks. 

Testing  
If you have a current limiting power supply, 
connect it across the solar terminals, with the 
voltage set to 12 volts, and the current limit 
set to half an amp. Now check the voltage 
across the 6.2 volt Zener diode (ZD2). This 
should be roughly 6.2 volts. Set the trimpot to 
its mid-point and measure the voltage 
between the trimpot centre leg and the solar 
negative terminal. This should be about 6 
volts. Turn the trimpot fully clockwise then 
measure the voltage across the 15 volt Zener 
diode (ZD1). It should be about 11 volts, 
indicating that the switch to the motor is 
turned on.  

Turn the trimpot fully anti-clockwise. The 
voltage across the Zener diode (ZD1) should 
now be less than 1 volt, indicating that the 
switch is off. 

If you can get it to perform like this, then 
connect it to your pump or motor to see how 
well it performs. 

Operation  
Connect the solar panel(s) to the solar 
positive and solar negative terminals. 

Connect the motor to the motor positive and motor negative terminals. You should try to keep the maximiser as 
close to the motor as possible. 

When the motor is stalled, you may hear a high-pitched whine as the maximiser is pouring maximum current into 
the motor to try and get it moving. As the motor speeds up, the pitch of the whine drops. You can also hear it 
change pitch as the amount of light falling on the panel changes. 

The reason for the adjustment pot is to allow the operating point of the panel to be varied according to the situation. 
If you are trying to get pumping under overcast conditions or in the morning or evening, then the operating point 
needs to be low enough so that the peak panel voltage is high enough to charge the capacitor up to the switch 
threshold. In other words, if the operating point is set too high, the panel voltage can never get above it and the 
maximiser won't oscillate. For this version PCB, turning the trimpot anti-clockwise will lower the operating point. 

In our test, we found that with the operating point set at about 13 volts, the pump would start with about 14 watts of 
input power (about a quarter of full output). 

A setting in the range of 12 to 14 volts seems to be appropriate. If there is sufficient power from the panel to bring 
the motor voltage up above the set operating point, then the switch will simply remain on (in other words, if there is 
enough power the maximiser will retire gracefully until its services are needed again). 

If you put the circuit in a box, make sure to allow holes for adequate ventilation to allow the MOSFET and diode 
heatsinks to release their heat. If the box is metal, the heatsinks can be attached to the box itself – in this case you 
MUST make sure that the centre pins are isolated from the heatsinks using a multi-meter prior to powering up. 

Parts List   
1 LM311N comparator IC IC1 
1 FDP047N08 MOSFET or similar Q1 (shown as MOSFET) 
1 16 amp ultra-fast diode (SR1660)  D1 
1 1N5819 fast diode  D2 (shown as D2/R6) 
1 15V, 1W Zener diode  ZD1 
1 6.2V, 1W Zener diode  ZD2 
3 3k3, 1/4W resistors  R1, R2, R3 
1 1k, 1/4W resistor  R4 
1 100k, 1/4W resistor  R5  
1 2k horizontal trimpot  VR1 

4 (6) 1000uF low ESR electrolytic capacitors  C1, C2, C3, C4 (C7, C8) 

1 100nF (0.1uF), 50V ceramic capacitor  C5 
1 100pF, 50V ceramic capacitor  C6 
2 2-way terminal block   
1 8 pin IC socket   
1 12 Amp Solar Power Maximiser Circuit board   
2 3mm x 10mm bolt, nut and tooth washer   
2 TO-220 insulating washer and bush   
2 PCB mount heatsinks   
1 Connector Label (sticker - needs to be cut and trimmed) 

   
For a 24 volt version these extra or alternative components are required: 
1 15V, 1W Zener diode  ZD3 
1 3k3, 1/4W resistor  R6 (replaces D2 ) 
1 BD139 power transistor  Q2 (link for 12volt version) 

1 12k, 1/4W resistor  R1 (alternate value) 
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Identifying the parts of your solar maximiser kit 
The following guide should help you to identify the parts and assemble it successfully. 

 
 
Resistors 
The coloured bands represent numbers and multipliers as 
shown in the table. Some resistors have four bands (two 
digits, a multiplier band and a tolerance band) while some 
resistors have five bands. Five-band resistors are read in the 
same manner as four-band resistors, except that the first 
three bands are digits, the fourth a multiplier and the fifth the 
tolerance band.  

 
 
 
 
 
 
Diodes 
Zener diodes 

The 6.2 volt Zener diode will be marked with one of the following: 1N753, 1N5234 or  
1N4735 or will have the code 6V2 at the end of its number. 

The 15 volt Zener diode will be marked with one of the following: 1N965, 1N5245 or  
1N4744 or will have the code 15 at the end of its number. 

 

Fast diode 

The 1N5819 diode will be marked 1N5819. It will be black with silver markings.  

 

Power diode 

The power diode, D1 is easily identified—it is the big one with the metal tab, just like the  
MOSFET, but will be marked SR1660 or similar.  

Capacitors 
The 100pF capacitor will be marked 101 or 100pF. It is not polarised and  
can be installed either way around. The 0.1uF (100nF) will be marked 104 
or 100nF. Other sizes, such as 0.22uF (marked 224) may be supplied. The 
value of this capacitor is not critical. It is not polarised and can be installed  
either way around. The 4700uF capacitors are the big barrel-shaped ones.  
Note that they are polarised and must be installed the correct way around!  
The negative terminal is often marked with a big line or minus symbol.

 
 
The BD139  (24 volt version only) 
The BD139 has a metal side and a plastic side with writing on it. The metal side goes towards  
the 3k3 resistors. 
 

 
The FET 
The FET will be marked FDP047N08 or similar. Note that the FET must be installed the correct way  
around, with the back of the device facing towards its associated heatsink. 
 

The LM311 
This is the 8 pin device. Note that it must be installed the correct way around. Pin 1 is marked 
with a small dot, and the pin 1 end of the chip will have a semicircular notch or mark. The IC 
socket also has this notch, so make sure it is installed the correct way around also, as this 
notch is used to indicate device polarity. 


