Background Information
For the Parallax Board of Education and Homework Bo ard

A REEL Power "™ (Renewable Energy Education Lab) Experiment
© LearnOnline, Inc. www.learnonline.com

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
Software Installation

Learning to Use the Graphic Software
Safety Precautions

Limitations and Unexpected Results
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1. Parts Assembly and Wiring Guidelines

The Board of Education or Homework Board

At the core of each experiment is the Board of Education or Homework carrier
board along with the BASIC Stamp 2 microcontroller module. Both carrier boards
have ample solder-less breadboard prototyping areas for all the components that
are used in the experiments.

To complete the experiments you will need to have your BASIC Stamp Editor v
2.0 or higher installed and running on your PC. Then you will need to have your
BASIC Stamp 2 module installed on your carrier board and hooked up to your
computer with a serial or USB cable. You will also need to supply power to the
board with a fresh 9 volt battery or a 9-12 volt wall-mount power supply. If you
need detailed directions, please see Chapter 1 of What's a Microcontroller?,
available free to view or download online at www.parallax.com.




Choosing Correct Wire Colors

Hopefully your Board of Education or Homework boards came with an
assortment of short, insulated solid wires, which you will use to hook up the
various components for each experiment. If not, you will need to purchase or
make them for yourself. Again, check out the offerings at www.parallax.com.

Be sure that the wire insulation has the proper colors. Just as the color bands on
a resistor indicate the resistance and tolerance of the resistor, the wire colors can
also communicate a particular function of the circuit that you create.

For example, if you are able to use the following wire colors consistently for the
functions listed below, you will be able to see at a glance where voltages, signals
and grounds are located. This will avoid confusion and will make your
experiments more interesting and rewarding:

Red — Vvdd (+5 volts)
Black —Vss (ground)
Blue — Port connections or connections between components

These are not intended to be hard and fast rules for you to follow, but are
presented as a suggestion for consistent wiring techniques. If you choose to
follow the color code above, your circuits will be more attractive to the eye and
will be much easier to understand.

Follow the Jumper Board Layout

The jumper board layouts are provided for a quick and easy way to hookup the
components, so follow the layouts closely and you will avoid mistakes.

Double Check the Layout with the Schematic

A detailed schematic is provided for each experiment to both act as a double

check against the parts layout on the jumper board and, also, to familiarize you
with the electronic symbols and circuit used in the experiment.

2. Coding Guidelines

Creating good code, including constants, variable, declarations and especially,
comments, is vital to understanding how the code is suppose to work as well as
communicating this understanding to others and even yourself after some time
has passed and you've forgotten how things should work.



Required Compiler Directives

For starters the first line in each program begins with the following compiler
directive that informs the PBASIC interpreter that a BASIC Stamp 2 module is the
target of the program. It looks like a comment, but it is important to the total
operation of the program, so leave it in.

' {$STAMP BS2}
' {$PBASIC 2.5}

The second is the ' {$PBASIC 2.5} directive, which specifies the version of
PBASIC to use. Without this directive the program may not compile and load.
Again, don't erase it — leave it in.

The Use of Comments

Professional programmers use comments liberally for several important reasons.
First, comments help both the programmer and users of the software to better
understand the flow of the program and the functions of the code. Next,
comments are absolutely necessary for jogging one’s memory days, weeks or
months after the code has been written. The bottom line is to use comments that
add value to the accompanying code — and not just echo the instruction.

And one more thing about comments; keep them current with your code
changes! Don’t change your code and then forget to change your comments
accordingly! The worst thing to do is to come back to your code days or weeks
later to try and understand what you did. If your comments don’t match the code,
you will be immediately misled as to what is supposed to be happening with the
code. Are the comments correct and the code wrong? Or is the code correct and
the comments wrong? Worse yet, consider the innocent users of your program
who will puzzle fruitlessly as to what the code is supposed to do. Comments are
as important as the code itself. Make it a habit to comment your code correctly
and you will never be sorry for it.

The comments provided in the code are there to help you understand how the
program works. You are free to modify the programs as you see fit. Just
remember to update the comments accordingly.

Comm Port Conflicts
You cannot have the same comm port open at the same time for programming

the BASIC Stamp2 and for running the graphic software. You must close one or
the other depending on which application you wish to use.



3. A/D Converter Chip Operation

The experiments with solar panels, wind turbines and fuel cells all require the
conversion of analog voltage levels to digital form. Since the BASIC Stamp
microcontroller does not have this capability, we have chosen a powerful 12-bit
A/D converter chip to do the job.

The MCP3208 has eight (8) channels of analog inputs that can be selected for
conversion to digital one-at-a-time. This technique is called multiplexing where
the microcontroller (in this case the BASIC Stamp) “addresses” the channel it
wishes to have converted to digital and then extracts the converted data in a
serial bit stream using four signals — CS (chip select), CLK (clock), Din (Data In)
and Dout (Data Out). The Functional Block Diagram below illustrates the inner-
workings of the device. The full data sheet can be found on the Microchip
website at: http://ww1.microchip.com/downloads/en/DeviceDoc/21298e.pdf
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MCP3208 Functional Block Diagram courtesy Microchip Corp.

The important thing to note is that the MCP3208 is a 12-bit analog to digital
converter. This means that the analog input voltage is subdivided in a binary
fashion 2% times, which works out to 4,096 times. It further means that if Vref =
5 volts (which it does in all of our circuits) the analog signals at CHO through CH7
are segmented into 4096 levels with the least significant voltage level being



approximately 1.22 millivolts (5 volts / 4096 = 0.00122 volts / 1000 = 1.22mv).
How it does this is described quite adequately in the MCP3208 Data Sheet if you
are inclined to understand the detailed operations of conversion.

With this fine degree of voltage resolution the experiments can make equally
detailed voltage and current measurements. The question, though, is how to
interface the A/D converter to the BASIC Stamp to make it all work. The answer
is both in hardware and software. First the hardware...

The BASIC Stamp interfaces to the MCP3208 using four port signals — PO, P1,
P2 and P3. These are wired to the A/D’'s CIk, Dout, Din and CS signals,
respectively. With these four signals the BASIC Stamp can cause the A/D
converter to:

Select the proper input channel CHO through CH7 to convert
Start and Stop the conversion
Extract the 12-bit serial data from the A/D converter
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It does all this with the following code starting with the variables, or VARs, that
are located near the top of every program listing.

" VARs for MCP3208 8 channel, 12 bit multiplexed A/D Converter

a2dClk CON 0 ‘clock (PO)
a2dDout CON 1 ‘'dataout (P1)
a2dDin CON 2 ‘'datain (P2)
a2dCs CON 3  ‘chip select (P3)

a2dldo CON %1000 'A/D Channel 0 ID
a2dldl CON %1001 'A/D Channel 1 ID
a2dld2 CON %1010 'A/D Channel 2 ID
a2DId3 CON %1011 'A/D Channel 31D
a2did4 CON %1100 'A/D Channel 4 ID
a2dlds CON %1101 'A/D Channel 5 1D
a2dld6 CON %1110 'A/D Channel 6 ID
a2DId7 CON %1111 'A/D Channel 7 ID

a2didshiftOut VAR Nib 'A/D Channel ID to shift out

a2dResult VAR Word '16-bit result of A/D ¢ onversion

The first four variables define the four signals that physically interface with the
MCP3208 chip. The comments indicate their specific functions. The CON
instruction indicates to the BASIC Stamp that when it sees a label such as
a2dClk that signal should be directed to the selected port — PO in this case. We
have used the functional names of the ports as the labels so that the code can be
better understood.

Following the first four signals come the eight channel numbers labeled a2dld0
through a2dld7 that the program uses to select the proper input channel for
conversion. Notice that this time the CON instruction is for a 4-bit “nibble” of
information that is serially shifted into the device. The a2dldShiftOut variable is
where the program places one of the channels for conversion.

The final a2dResult variable contains the 12-bit result in a two-byte Word, which
is 16-bits long. The bits are right-shifted so that that 12-bit result is stored in the
right-most 12 bits of the 16 bit word.

The A2D subroutine uses these variables to instruct the A/D converter to select
the proper channel, convert the voltage to digital form and serially output it to the
BASIC stamp where it can be used by the rest of the program. The A2D
subroutine is “called” by other parts of the program when an A/D conversion is
desired. The A2D portion of the program is listed below:



' A/D Converter Routine

Enter with a2dIdShiftOut as the channel to conv ert
Return with 12-bit result in a2dResult - right shifted
A2D: 'Initialize signals

HIGH a2dCs ‘Disable A/D chip select
HIGH a2dDin ‘Initial state of data in
LOW a2dClk 'Initial state of clock
a2dResult=0 'Clear the 10-bit result

A2D_Start_Conversion: 'Start the conversion proces S
LOW a2dCs ‘Enable A/D chip select

A2D_Shift_Out_Channel_ID: 'Shift out the Channel ID value
PULSOUT a2dClk,10 'Send first clock with Din h igh
SHIFTOUT a2dDin,a2dClk,MSBFIRST,[a2dIdShiftOut\4 ]

A2D_Shift_In_Result: 'Shift in the result
PULSOUT a2dClk,10 ‘clock out null bit
PULSOUT a2dClk,10 ‘clock out null bit
SHIFTIN a2dDout,a2dClk,MSBPRE,[a2dResult\12]

A2D_End_Conversion:
HIGH a2dCs 'Disable A/D chip select

A2D_End:
RETURN '‘Return to calling routine

Here’s how the subroutine operates...

A2D:
The first part of the program initializes the signals prior to starting the conversion.
The HIGH and LOW instructions set the signals to logical 1 or O, respectively.

A2D_Start_Conversion:
The A/D conversion is started by bringing the chip select signal, a2dCS, low
while the Data In signal, a2dDin, is high.

A2D_Shift_ Out_Channel_ID:

The PULSEOUT command is used to begin the serial shift of the ID data into the
A/D converter. It simply clocks the internal circuitry with Data In high to start
things off. This is followed by the SHIFTOUT command that takes the 4-bit ID
value “from MSBFIRST” and automatically performs four clock instructions to
shift it out. This is noted by the [a2dldShiftOut \ 4 ] portion of the instruction that
indicates that only four bits are to be shifted out — MSB to LSB in order.



A2D_Shift_In_Result:

After the channel ID is shifted in, the converted data is ready to be shifted out.
There is time required for the conversion itself; however, it is so small (in the
microseconds) that the command to shift out data at the low clock rates used
here can be immediate. The two PULSEOUT signals clock out some throw away
bits while the SHIFTIN command shifts out the converted data most-significant
bit first as indicated by the MSBPRE part of the instruction. The 12-bit converted
data is stored in the a2dResult Word variable with the least significant bit in bit O
and the most significant bit in the bit 11 position. The other four most significant
bits in the 16-bit a2dResult Word are left zero.

A2D_End_Conversion:
The conversion is ended by bringing the chip select signal high.

A2D_End:
Finally a RETURN instruction is executed as the last instruction of the subroutine
in order to return control to the calling routine.

Once again refer to the Microchip data sheet and the BASIC Stamp
Programming manual for complete details of operation and coding techniques.



4. Resistor Color Codes

The following experiments use resistors; however, since the value of the resistor
is not stamped on the device, another method is used to identify its value. This
method is called “color coding” and refers to the color bands that surround the
resistor’s cylindrical surface. The following is the number and corresponding
color convention for identifying color codes.

0 — Black 5 - Green
1 — Brown 6 - Blue
2 — Red 7 - Violet
3 — Orange 8 - Gray
4 — Yellow 9 - White

For example, a 4,700-ohm resistor would have the following color codes (stripes)
beginning at the far end of the device.

4,700 ohms = Yellow (4) — Violet (7) — Red (2)

—

The last stripe (Red = 2) is a multiplier of 10 raised to the power of the stripe
value, as in 10% which equals 100. Therefore, we get 47 x 100 = 4,700 ohms.
Our three resistors have values of 1 ohm, 10 ohms and 100 ohms with the
corresponding color codes...

1 ohm =Brown (1) — Black (0) (A multiplier of 10° = 0)
10 ohms = Brown (1) — Black (0) — Black (0) (A multiplier of 10° = 0)
100 ohms = Brown (1) — Black (0) — Brown (1) (A multiplier of 10* = 10)

—T 31—

There are other bands after these; however, they should be ignored. They are
generally there to indicate the accuracy of the resistor (1%, 5%, 10%, etc.). The
supplied resistors are within 5% of their rated value.




5. Computing Current with Voltage Drop

Current is always computed using voltage drop across a sense resistor. This is
true even in the best multimeters. Once you understand this principle you will
have more appreciation for and understanding of the technique.

When measuring current with a normal multimeter you must interrupt the circuit
by placing the multimeter between the voltage source and the load as shown
here:

Multimeter

Voltage
Amplifier

Sense
Resistor

Load
Resistor

Voltage
Source




What you are actually doing is placing a very small [value] sense resistor in
series with the load. The multimeter measures the voltage drop across the
sense resistor (using an A/D converter much like the one we are using for the
experiments), and based on Ohm’s Law, computes the current as follows:

I=V/R
Where | = current in amps or milliamps
V= voltage in volts or millivolts
R= resistance in ohms

In order to determine the voltage drop the multimeter senses the voltage at both
places on the sense resistor — at the voltage source and at the load. The current
is then computed based on the voltage drop across the sense resistor as follows:

I=V/R
Where V = Vsource — Vload
R = sense resistor value

In modern multimeters the sense resistor is typically well below 1 ohm in order
not to add to the load. This value is generally 0.01 to 0.05 ohms — 10 to 50
milliohms— hardly anything in terms of adding to the load resistance. However,
with such a small sense resistor the voltage drop is also small. To compensate
the multimeter adds a voltage amplifier across the sense resistor to boost the
voltage to a measureable quantity for the A/D converter.

The gain of the voltage amplifier is used in calculating the voltage drop and
resulting current value. So, if the voltage drop across a 0.01 resistor is 1 millivolt
and the gain of the voltage amplifier is set at 100, the A/D converter receives a
voltage of 100 millivolts that is well within the limits of a good A/D converter.

For our experiments it was decided to save on the cost and complexity of a
voltage amplifier and go, instead, with a 1 ohm sense resistor. If the actual load
resistance is also low (like 10 ohms as in some of these experiments) there is
ample voltage drop across the resistor — especially when measured with a 12-bit
A/D converter which can measure down to 1.22 millivolts.

The downside to using a 1 ohm load resistor is that it adds to the load itself. So,
for a 10 ohm load and a 1 ohm sense resistor, the total load is actually 11 ohms,
which is typically indicated on the computer display measurement for resistance.

Therefore, be aware of the fact that the resistance values displayed on the
computer are the “sum” of the 1 ohm sense resistor plus the actual load
resistance.



6.

Software Installation

Note: DO NOT connect the USB cable to the computer  until the software
installation procedure has been completed. You wil | be prompted when to
do this in Step 8 below. If you are using an RS-23 2 interface ignore Step 3.

1.

2.

Insert the REEL Power CD-ROM into your computer’s disc drive and close the door.

If the dialog box to proceed does not come up, on the Desktop, right-click on “Start” then click
“Explore”. Find your CD-ROM drive (D, E or higher) then click it to bring up the folder’s contents.

Double click on the USB driver software (USB Driver Installer.exe) to install it first.

Then double-click on the REEL Power Installer file and follow the
instructions to install it.

Next, minimize all applications until the Desktop reappears again. A ITD]
REEL Power icon like that shown here should appear: kd

REEL Powwer
Double click on the REEL Power icon.

A menu selection will appear. Click on the Renewable Energy Experimenter Kit  menu item to get
started (first menu selection on the top-right).

Pouer,

Renews nergy Education Lab
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Wind Turbine 4 Renewable Energy
Phase Voltages Experimenter Kit

Gﬁ Wind Turbine Electrical

Parameters + RPM Renewable Energy Game

MPP Auto Trac - Data Logger

Connect the USB cable to both the circuit card and your PC. If your PC speakers are enabled you
should hear the traditional “Ca Clunk” sound indicating that the PC has recognized the USB device.

At this point you have successfully installed the hardware and software. Now proceed to Section 7
on “Learning to Use the Graphics Software” to understand what to do next.



7. Learning to Use the Graphic Software

The PC graphic software screen is divided into several regions that control how electrical
guantities such as voltage, current, power and resistance readings are displayed.

The large grid area continuously displays four plotted lines in four colors. The colors match the
values displayed below the vertical meters.

Black - Resistance in ohms
Blue — Currentin amps
Red — Power in watts
Green - Voltage in volts



Before any plots can occur, the graphic software must connect with
the attached circuit board that is transmitting data. To do so, first
select the correct Comm port number. Click on the arrow next to
the number to see if a higher number Comm portis d isplayed .
% If so, it's probably the one to use.  When in doubt, find the correct
Comm port on your PC by going to Control Panel -> System ->
Hardware Manager -> Device Manager then click on Comm port.
The number displayed is the correct Comm port to type into the
number area here . Then click the connector icon — the one
with the red x. Since you are using a USB connection rather than
the traditional RS-232 connection, the Comm port number is not
dependent on hardware so much, but rather on software settings in
the Control Panel of the Windows operating system.

If correct, the Connect icon will show that the connection is made. If the
Comm port is not correct an error message will be displayed, which is usually
due to the Comm port already in use.

NOTE - You cannot have the same comm port open att he same time for
programming the BASIC Stamp2 and for running the gr  aphic software. You must close
one or the other depending on which application you wish to use.

The plot area can be zoomed in and out of a time range (horizontal
axis) or a voltage, current, power or resistance range (vertical axis).

The up and down arrows will adjust the plot in a vertical direction. Up
to increase the scale (x2) and down to decrease it (1/2).

The left and right arrows will adjust the plot in a horizontal direction -
left for less time (1/2) and right for more time (x2).

Click the center double-arrow icon to clear the screen and reset the plot. If the plot does not
immediately start, click the double-arrow icon agai n.

Data Logging — Recording Experimental Data

You can record your experiments for later analysis. To begin data logging,

click the data log icon. A file will automatically open to record the data being
sent by the circuit board. Click once to start data logging and click, again, to
stop data logging. Repeated clicking (On & Off) will append new data to old.

To view the logged data, click on
this icon. The logged data will be
displayed over the plot area
where it can be examined. This
same file can be ported to a
spread sheet program like Excel
for further analysis and plotting.

Click this icon to close the data
log file and erase all logged data.



Screen Capture and Display

Click this icon to capture the plot image on the screen.

Click this icon to view the
captured images.

The four meters display the voltage, current, power and
resistance. Their scales are fixed and, unlike the grid plot
area, cannot be changed. The data under the meters may
not match that of the image here; refer to the beginning of
this section for specific detalils.

To reduce screen clutter in the plot area, the individual
switches can be clicked to turn ON or turn OFF the
selected plot line.

If your computer is
connected to the Internet,
clicking on the REEL
Power icon will take you
to the LearnOnLine.com
website.




8. Safety Precautions

In order to avoid any risks, you must abide by the following Safety Precautions
when working with the experiments.

The experiments may only be set up and operated by a competent
person. Younger students require adult supervision at all times.

The experiments are not a toy. Be vigilant and responsibe. The use of

safety glasses and protective gloves while assembli ng and using the
wind turbine and fuel cells and performing experime nts is highly
recommended

READ AND UNDERSTAND EACH ASSEMBLY PROCEDURE BEFORE

EXECUTING IT. This will help to understand what is to be done and, also,
prevent inadvertent mistakes that could lead to incorrect results or
possible injury.

LearnOnLine, its employees, distributors or affiliates will not accept
responsibility for injuries or damage sustained in the event that these
Safety Precautions not followed completely. Use common sense and
don’t take unnecessary risks. Be patient and careful in what you do.



9. Limitations and Unexpected Results

The use of a 1 ohm sense resistor in lieu of a more expensive and complex
voltage amplifier to measure current has some unexpected and unwanted effects
on the values of current and, especially, resistance. Since resistance is
computed as voltage divided by current, any variations in voltage will also affect
the value of current and with that, the value of resistance. Also, regardless of the
amount of software voltage filtering the A/D converter output will not deliver
exactly the same voltage conversion every time — nor will even the best
multimeters. This also results in different current and resistance readings.

Voltage Ripple Causes Similar Ripples in Currentan  d Resistance

Any kind of voltage ripple like that from an AC light source will affect the current
and resistance readings in an exaggerated manner. Even though the voltage
and current readings are averaged, some ripple gets through. Here is one
example of a solar panel illuminated completely by the sun (a stable light source)
with a fixed resistor load. However, because of the A/D converter’s inability to
capture exactly the same voltage sample after sample, the resultant voltage still
varies somewhat as does the current and resistance. You can see this as
exaggerated variations in the current (blue) and power (red) plots.



Low Voltages

Low voltages have a particularly deleterious affect on the computer plots. Since
the voltage is so low the ability of the A/D converter to capture a usable voltage
drop across the 1 ohm sense resistor is severely limited. The result is wild
swings in current and resistance values like those shown below.

Disable the Plot

In order to eliminate the distractions of these effects consider turning off the
plot(s) by clicking on the switch(es) below the meters.



