Shake to Charge Flashlight

Have you ever wondered how some of those “Forever” flashlights work?  These devices appeared several years ago and are often sold on some TV home shopping networks.  A company in Colorado (Applied Innovative Technologies www.appliedinnotech.com) made the original device but knock-offs from China are now popping up everywhere.  That fact that some of those devices don’t even work will be a topic for later discussions. 
Shake to Charge Flashlight
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I bought one of the cheaper counterfeit devices and took it apart.  I traced out the circuit.  It is not much more than a coil of wire, a magnet, a bridge rectifier, super capacitor and white LED.  A small magnet attached to an on/off switch is used to turn on the light by activating an internal reed relay.  This method maintains a tight weatherproof seal and is about the only thing I found cleaver about the device.  Shaking the thing forced a large magnet slug to slide back and forth inside the body of the device. Two rubber stoppers cushion the magnet at each end. In some other more expensive shake to charge flashlights, they use two more magnets as contactless bumpers.
Reed Relay to turn the device on and off
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The light from this thing is weak.  It took about a minute of vigorous shaking to get the first bit of light from it.  After a few more minutes of shaking, the capacitor was fully charged.  It might be okay for finding your keys in the dark but not much more.

The complete schematic for this device is shown below.  A few things should be pointed out.  First, they use some very cheap 1N4001 diodes in the bridge rectifier circuit instead more efficient Schottky diodes.  They also use a small 0.5 Farad cap with a 5.5 volt rating.  I noticed that that this kind of super capacitor was originally designed for maintaining data in memory chips and has a rather high internal equivalent series resistance.  This reduces the overall efficiency, since the device can’t be charged or discharge very quickly.  Some of the power that should go to the LED will end up being dissipated inside the capacitor. Better super capacitors do exist.

Super Capacitors used to store energy
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Flashlight Schematic
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Most white LEDs draw about 20ma of current with a voltage of about 3.6 volts.  As the voltage drops from 3.6v, the current will also be lower.  Without any regulation, the above circuit will not have a consistent light output.  I measured the LED current in this circuit at only a few milliamps, even after many minutes of vigorous shaking.  This suggests that they decided to sacrifice light intensity for light duration.   

The human mechanical power to electrical power conversion efficiency for a shaking device, such as this flashlight, is poor.  To measure how much power I could get from the shaking magnet generator, I first completed the flashlight dissection process by disconnecting the coil from the flashlight circuit.  I then connected the coil to a Schottky diode bridge, made from four 1N5817 diodes.  These diodes have a much lower 0.35v drop instead of the 1.0v for the 1N4001 diode.   I then placed a high quality 10 Farad super capacitor from Maxwell (www.maxwell.com) across the output of the bridge.  I connected a digital voltmeter across the cap, to measure the capacitor voltage.  Before the test, I made sure the capacitor was completely discharged.  I started a stopwatch, and then started shaking the flashlight’s magnet.  After two minutes, the capacitor was charged up to 1.0 volts.  This corresponds to an energy increase of 5 joules using the equation 0.5CVV, where C is 10 Farads and V is the 1.0 volts.  So, I got 5 joules (watt-seconds) of energy in 120 seconds.  That means that the magnet shaking was only able to produce about 0.05 watts of power.  This is a dismal amount.  To put this into prospective, a single 1.5” x 1.5 “ solar cell, placed in bright sunlight, would generate more power than the shaking magnet generator.  I bet many of the hand crank generator flashlights I have seen for sale would do much better.  A pull string type generator would work even better.

Maxwell 10F Super Capacitor
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Improved Flashlight Design
Let’s imagine a different kind of flashlight.  I like the idea of using a pull string human motion over crank.  I think this technique would be a much more efficient way to convert human power to electrical power. This device would be a miniature version of the technique often used to start a lawn mower.  The imaginary device would be held in one hand, while the other arm would pull the string.  Each pull of the string would spin a flywheel up to a high RPM, which would be connected to a brushless motor, acting as alternator.  I imagine that such a device could generate several watts of power, perhaps as much as 20 watts.  Such a machine would produce 50 or 100 times more power than the shaking magnet technique.

Let’s then connect the output of the three phase alternator to a three phase bridge rectifier.  The output of the bridge would then be connected to a bank of quality super capacitors rated at 2.5 volts.  Perhaps the total capacitance would be about 50 Farads.  I would then use an efficient DC-to-DC converter (Maybe using Texas Instrument’s TPS61070 device), designed to maintain a constant current flow to one or more LEDs.  One LED might be adequate but an array of 7 LEDs would be even better. 

Let’s say the pull string approach could generate 5 watts of power.  Then, a 50 Farad cap would be charged up to 2.5 volts in less than a minute.  Once charged, a DC to DC converter with an 80% efficiency would keep a single 20ma white LED going for 30 minutes.  Such a flashlight would be much brighter than the above device.  A larger 350 farad capacitor from www.maxwell.com might be used to power a 7 LED flashlight for 30 minutes after 7 minutes of charging.  If a 20 watt device could be developed, it might be powerful enough to charge up a dead automotive lead acid battery enough after a few minutes of string pulling to start a car.  Such a device might be small enough to fit into a car’s glove box and could make a nice Christmas gift.
