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Purpose 
 
This experiment shows you how to build a simple solar powered battery charger.  
In the process you will learn about how energy is generated by the solar panel 
and stored in the battery along and how the solar panel and battery behave 
during the charging process. 
 
 
You will come to understand that: 
 

1. Batteries are dynamic devices that depend on chemical changes to both 
charge and discharge their energy. 

 
2. The battery charge rate and capacity are dependent on both the solar 

panel’s capability to supply adequate voltage and current to the battery as 
well as the battery’s capacity (called “C”) to accept it. 

 
 

 

Background Information 
 
If this is your first experiment or if you just need a refresher on some of the 
details please refer to the following background information guidelines: 
 

·  Parts Assembly and Wiring Guidelines 
·  Coding Guidelines 
·  A/D Converter Chip Operation 
·  Resistor Color Codes 
·  Computing Current with Voltage Drop 
·  REEL Power Software Installation and Operation 
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Equipment 
 
Qty  Description 
1  Solar Panel  
1  Parallax BOE or Homework Board 
1  9-volt battery or +12 volt regulated DC supply  
1  MCP3208 - 12-bit A/D converter chip 
1  1 ohm sense resistor 
1  1.2 volt size AA - NiMH rechargeable battery and holder 
10  Solid hookup wires 
1  USB or RS232 cable 
4  Clip leads 
1  Windows PC computer with REEL Power tm software  
  (MACs must have Parallel’s “Desktop 3.0 for Windows”) 
1  Printer (optional) 
 
 

General Hardware Hookup 
 
Setup the equipment as shown here, and then examine the Jumper Board 
Hookup  (next) for specific details. 
 
 
 
 
 
 
 
 

Solar Panel 
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DC Power 
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+- +- +-
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Jumper Board Hookup 
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Schematic 
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Code File 
 
Download the following file to the BASIC Stamp: 
 

Parallax_Solar_Exp.bs2   
 
The code file can be found on the REEL Power CDROM that came with this 
lesson or on the LearnOnLine website at www.learnonline.com. 

 
 

 
Code Algorithm 
Here’s how the code works. For complete details refer to the above code file. 
 
The Main loop looks like this… 
 
'-------------------------------------------------- ---------------- 
'   Solar Experiment Algorithm 
'-------------------------------------------------- ---------------- 
' 
' Sample the solar panel input voltage 
' Sample the voltage across the 1 ohm sense resisto r 
' Repeat above xx times (innerLoopLimit x outerLoop Limit)to reduce 
voltage ripple from AC lights 
' Convert the voltage counts to millivolts 
 
' Test to see if the solar panel voltage > voltage drop across the 1 
ohm resistor 
'   if so, continue 
'   if not,ignore readings and loop back to the top  
 
' Convert the 1 ohm voltage drop to current in mill iamps 
 
' Transmit the voltage and current values to the co mputer 
' Repeat 
' 
'-------------------------------------------------- ---------------- 
Solar_Exp: 
'acquire solar panel and voltage drop across 1 ohm sense resistor 
'and take an average of 64 readings to smooth out r ipple   
GOSUB   Get_Average_Voltages                                                   
 
'test for catching voltage drop > input voltage 
'which can occur when voltage has ripples or change s fast 
 
  IF (voltage < oneOhmDrop) THEN             
      GOTO  Solar_Exp                       
  ENDIF 
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'compute the voltage drop across the 1 ohm sense re sistor 
  current  = (voltage - oneOhmDrop) / 1                                         
'which is automatically now in milliamps by the fol lowing: 
' 
'      I = E / R      where 
'                           I = current in milliamp s 
'                           E = voltage in millivol ts 
'                           R = resistance in ohms 
  GOSUB Plot_It            ' transmit the value to the computer 
  GOTO  Solar_Exp          ' repeat 
 
The first subroutine acquires 64 readings of the solar panel voltage output and 
averages the samples in order to acquire a more stable reading.   
 
 GOSUB Get_Average_Voltages        
 
The 64 samples are broken into two loops.  The inner loop takes the average of 
16 readings while the outer loop takes the average of 4 readings of the inner 
loop.  Altogether, the solar panel voltage and voltage drop across the 1 ohm 
sense resistor are averaged 64 times.  Once done the solar panel voltage and 1 
ohm sense resistor voltage drop counts are converted to millivolts. 
 
Since the solar panel voltage and 1 ohm resistor drop voltage are taken at 
slightly different times (even though they are averaged), a test is made to 
determine if the solar panel voltage is greater.  Otherwise, the resultant 
subtraction to determine current will be totally incorrect. 
 

If (voltage < oneOhmDrop) THEN 
 GOTO Solar_Exp 

 ENDIF   
     
If the test passes then the current is determined by subtracting the solar panel 
voltage from the 1 ohm resistor voltage and dividing by 1 ohm (an unnecessary 
but rigorous step). 
 
 Current = (voltage – oneOhmDrop) / 1  
 
     ‘I = E / R  where 
     ‘I = current in milliamps 

‘E = voltage difference in millivolts 
‘R = value of 1 ohm sense resistor 
 

The Plot_It  routine computes the checksum for the voltage and current variables 
and transmits the values to the computer.  The process then repeats. 
 

GOSUB Plot_It 
GOTO Solar_Exp  
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Procedure 
 

1. Click on the REEL Power tm icon to bring up the software menu.  Then 
click on the Solar Panel Interface  icon. 

 
 
 
 
 
 

 
2. On the graphic display, click on the Connect button at the lower-

left of the screen. Verify that the connected icon appears 
validating the Comm port selection. Make sure to click on the 
arrow and select the highest comm port number.   

 
3. On the computer adjust the voltage (vertical) scale on the REEL Power tm 

software to 2.50 volts. 
 
4. Adjust the time (horizontal) scale to reflect about 1 hour across the entire 

plot – initial charging takes a long time. 
 
5. Position the solar panel so that it can acquire the maximum amount of 

light from either the sun or artificial light source. 
 

6. Clear the plot display by clicking on the Reset Plot icon. 
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7. Allow the battery to charge for several hours.  From time to time monitor 

the voltage reading.  You should see something like Figure 1 as the 
battery begins to charge.  Note the voltage and other readings.  A voltage 
of about 1.4 to 1.5 volts is normal.   

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 – Beginning of Battery Charge Cycle 
 

8. When the battery voltage begins to climb above the normal charging 
voltage of 1.5 volts begin to look for a peak followed by a dip in voltage 
and current as in Figure 2.  This indicates the end of the charge cycle.  At 
this point remove the battery from the setup.  This may take several hours 
or several days depending on the solar panel used for charging. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2 – End of Battery Charge Cycle 
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9. Above all, don’t let the battery overcharge as shown in Figure 3.  Notice 

the high values of voltage along with the internal resistance (black plot).  
The battery is now on a path of self destruction ended by disconnecting 
the solar panel as shown in the plot below.  

 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

Figure 3 – Plot of Battery Overcharging 

Analysis 

Figure 2 shows the relationship of voltage, current and power at the proper end 
of charge.  Notice how the power (red line) sharply peaks and then drops off – 
even as the voltage rises.  This is another indication that the charging cycle is 
complete.  Figure 3 shows what can happen if a battery is allowed to overcharge. 
 
Although recent popular attention is focused on Lithium Ion batteries for electric 
cars and consumer products, one must not forget that other battery chemistries, 
such as Nickel Metal Hydride (NiMH) like the one in this experiment also have 
advantages in rechargeable power systems. Nickel-based batteries are robust, 
capable of high discharge rates, have good cycle life, do not require special 
protection circuitry and are less expensive than Li-Ion. NiMH batteries are rapidly 
replacing NiCd because of their higher capacity (40% to 50% more) and the 
environmental concerns of the toxic cadmium contained in NiCd batteries. 
 
When specifying charge current, it is commonly related to a battery’s capacity, or 
simply “C”. The letter “C” is a term used to indicate the manufacturers’ stated 
battery discharge capacity which is measured in milliamp-hours (mAh). This 
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capacity rating becomes important when fast charging because it determines the 
required charge current for proper charge termination.   
 
Our battery’s “C” is rated at 2450 mAh with a voltage of 1.2 volts nominal.  It 
means that this particular battery can theoretically produce 2450 ma for one hour 
or 4900 ma for 30 minute or 9,800 ma for 15 minutes. In reality batteries do not 
respond in such a linear fashion.  Battery manufacturers typically specify a 
discharge load of 0.1C or one-tenth of current capacity when rating their 
batteries; then they simply multiply this number by ten for the published rating. 
Therefore, a battery that can deliver 245mA for 10 hours will be rated at 10 x 245 
or 2,450mAh as in our test battery. 
 
The value of 0.1C has been chosen by manufacturers as it illustrates their battery 
capacity in the best light because of the lower discharge value. A faster 
discharge rate will most certainly result in less energy being available from the 
battery, and therefore the measured capacity will be lower.    
 
Using rechargeable (secondary) batteries are environmentally better than their 
non-rechargeable (primary) equivalents that are thrown away after one use.  
 
  
Note:  

If you use another type of rechargeable battery or solar panel, the charging cycle 
will be different.  Before doing an experiment consult the battery performance 
curves that are generally found on the manufacturer’s website. 

 

 

 

 

 

 


