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Introduction
When connecting a solar panel to a rechargeable battery, it is usually necessary to use a charge controller circuit to prevent the battery from overcharging. Charge control can be performed with a number of different circuit types. Lower power solar systems can use a series analog charge controller, an example is shown as the upper part of this circuit. Higher power systems can use a series switching charge controller or a maximum power-point (MPPT) charge controller. Series regulators control the charging current by interrupting the flow of current from the solar panel to the battery when the battery reaches a preset full voltage. MPPT controllers use an inductor for energy storage and a high frequency switching circuit to transfer the energy to the battery.
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This circuit is for a shunt-mode charge controller. In a shunt-mode circuit, the solar panel is permanently connected to the battery via a series diode. When the solar panel charges the battery up to the desired full voltage, the shunt circuit connects a resistive load across the battery to absorb the excess power from the solar panel. The main advantage of shunt-mode solar regulation is the lack of a switching transistor in the power path between the solar panel and battery. Switching transistors are non-perfect devices, they waste a percentage of available solar power as heat. Inefficiency in the shunt-mode controller's switching transistor does not effect charging efficiency, it only turns on when excess power is purposely being wasted.
Another difference between series and shunt regulators is the load that the power source (solar panel) sees. In the series controllers, when the battery reaches the full point, the solar panel current path is opened up. In the shunt-mode controller, the solar panel is always presented with a load. This difference makes the shunt-mode regulator suitable for use as a regulator for a DC-output wind generator. Wind generators should always be connected to a load in order to keep the blades from spinning too fast in gusts of wind. If a wind generator is operated with no load, the rapid spinning will quickly wear out the bearings. In extreme winds, the blades can fly off of an unloaded wind generator.
Specifications
Solar Panel Open Circuit Voltage: 18V (36 cells)
Solar Panel Short Circuit Current: 0-1 Amp max.
Battery Voltage: 12V (nom.)
Battery Capacity: 0.1 to 50 Amp Hours
Theory
Solar power is routed from the PV panel through the 1N5818 Schottky diode to the battery. When the battery reaches the full setpoint, the output on the lower half of the TLC2272 dual op-amp turns on. This activates the IRFD110 MOSFET transistor and connects the 68 ohm 3W load resistor to the battery. The load across the battery causes the battery voltage to drop, and the comparator circuit turns back off. This oscillation continues while solar power is available. The 300nF capacitor across the op-amp slows the oscillation frequency down to a few hertz. The two 100K resistors in series provide a regulated 4.5V reference point for use as comparator reference points.
The 2N3906 transistor is wired with a zener diode in its base circuit, when the PV voltage is above 12V, the 2N3906 transistor turns on and enables the comparator circuit. The upper half of the TLC2272 op-amp inverts the dump load control signal, this is used to power the high intensity red LED. The LED turns on when the battery reaches the full setpoint. The LED does not waste any useful charging power since it only turns on when the battery is full.
The 78L09 IC provides 9V regulated power to the comparator circuitry. Operational power for this circuit is provided entirely from the PV panel, there is virtually no power taken from the battery at night.
This circuit can be modified for higher amperage by replacing the 1N5818 diode, 68 ohm load resistor and IRFD110 MOSFET with higher power components. If the load resistor is connected directly across the PV panel at noon on a sunny day, the PV output voltage should drop to 12V or less. Higher power PV panels will require a resistor with lower ohms and a higher wattage rating. In cold climates, it may be useful to use the load resistor's heat to keep the battery warm.
Operation of a high power version of this circuit with a wind generator should be possible, although the author has not tried this. For a 20 amp version of this circuit, the IRFD110 MOSFET should be replaced with an IRFZ44N and the 1N5818 schottky diode should be replaced with a 20L15T. Both of these parts should have large heat sinks. The 68 ohm/3W resistor should be changed to a much larger resistor, An 0.6 ohm/250W resistor would be able to handle 20 amps at 12V.
Alignment
Connect the PV panel to the PV inputs and a rechargeable 12V battery to the battery outputs. The battery should be pre-charged for easiest alignment. Point the panel at the sun, and monitor the battery voltage with a meter. Adjust the 20 turn 100K potentiometer until the Full LED starts to flash, then tweak the potentiometer until the battery reaches the desired full voltage.
Use
Place the PV panel in the sun, when the battery reaches the full setpoint, the LED will start to flash with short on-pulses and long off times. As the battery charging continues, the LED flashing will change to long on-pulses and short off times.
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