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1. Overview

The is a unique
electrical measurement tool. It measures voltage, current,
resistance, power and energy — all at the same time. It can
also record (datalog) these data for later playback and
analysis. Everything is displayed on the LCD screen.

Plus, it can be interfaced to a computer for real-time data
plots in full color. It can even plot previously recorded data.

Power comes from either the computer’s USB port or from
an internal 9-volt battery. It can be used indoors or outdoors to display and record your
renewable energy experiments.

Attach your power source and load to the Input and Output terminals on the back. Now you're
ready to view and record voltage, current, resistance, power and energy with no complicated
hookups or meter dial adjustments. Just push the buttons for any of these readings.

The Smart Meter’s power is in its simplicity!

General Specifications
0-28VDC Maximum Input Voltage
0-1lamp Maximum Input Current
Simple 2-terminal Input and Output
terminals on the back for hookups
Battery — USB switch for power on the back
2-line, 16 character LCD screen
o Top line — voltage, current, resistance, power, energy (watt-hrs and watt-sec)
o Bottom line — Recording and viewing data + stopwatch, date & time, battery volts
Membrane keypad
Top Line — Push any key for the appropriate electrical data display
Bottom Line — Rec-Stop key to record electrical data in up to 10 Tracks for later analysis
Fwd-Rev keys to scan through recorded data or set date & time
Track key selects recorded sampled data for viewing on LCD or computer
Func key to set date & time, start-stop stopwatch, view battery voltage

Volts Amps Ohms @
Rec
Stop Fwd Rev Track ‘ Func ,

USB interface for DC power and computer data display -
Built-in real-time clock for recording data samples + stopwatch
Data recording capability
Total 2730 sample memory for data storage (non-volatile)
Ten Track Memories — record data like recording music
Selectable 1 second to 99 second data samples
0 45 minutes of sample time @ 1 second samples
o 3days, 7 hours and 41 minutes of sample time @ 99 second samples
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2. Intended Use

The hardware and software are developed exclusively for educational teaching and
demonstration purposes. Any other use such as in life-critical applications is prohibited!

3. Safety Precautions

In order to avoid any risks, you must abide by the following Safety Precautions when working with
the Smart Meter — Data Logger.

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

The Smart Meter — Data Logger is not a toy. Operate it responsibly. The use of safety

glasses while performing experiments is highly recommended — especially those that
involve fuel cells and fuel cell stacks.

LearnOnLine, its distributors or affiliates will not accept responsibility for injuries or
damage sustained in the event that these Safety Precautions not followed completely.

4. Related Issues

4.1 Reverse Engineering
You are not entitled to reverse engineer, decompile or disassemble the hardware or software

product in whole or in part.

4.2 Errors and Omissions

LearnOnLine has made every effort to supply the software and hardware without errors; however,
we are not responsible for any unintentional errors or omissions in the design, construction or
operation of the product. If you should notice undiscovered errors, please contact us.

LearnOnLine, Inc.
information@learnonline.com
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4.3 System Requirements

The software is a Windows-only product. You will need a Windows Pentium class computer with
USB interface port. MACs with INTEL processors can use Parallels “Desktop 3.0 for Mac”.

4.4 Software Installation

You will need administrator rights for software installation under Windows 2000, Windows XP or
Windows Vista.

45  Supplied Materials

Smart Meter — Data Logger
USB cable

4.6 Other Required Materials Not Supplied

Windows PC — MACs must have Parallels “Desktop 3.0 for Mac”

Solar panel, wind turbine, fuel cell, battery or other suitable DC power source
Resistor, motor or other loads

9-volt battery — for internal power

CD-ROM with graphics software and USB driver software (software sold separately)

4.7 Warranty

LearnOnLine, Inc. warrants its products against defects in materials and workmanship for a
period of 90 days. If you discover a defect, LearnOnLine will, at its option, repair, replace or
refund the purchase price. Simply contact us at information@Iearnonline.com.

4.8 Disclaimer of Liability

LearnOnLine, Inc. is not responsible for special, incidental or consequential damages resulting
from any breach of warranty, or under any legal theory, including lost profits, downtime, goodwiill,
damage to or replacement of equipment or property, and any costs for recovering or reproducing
any data stored in or used with LearnOnLine products. LearnOnLine is also not responsible for
any personal damage, including that to life and health, resulting from use of any of our products.
You take full responsibility for using LearnOnLine products and experiments no matter how life
threatening it may be.
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5. Membrane Keys and LCD Functions

General Features

The keys on the upper row select the electrical data to view on the upper-line of the LCD screen
while the keys on the lower row control the messages on the lower-line of the LCD screen.

Upper-Row Keys

Push the Volts key to display the voltage, in [

Volts volts, on the Input terminals. The voltage 03 . 070 VOItS
reading is displayed to three decimal places
with a resolution of one millivolt (1/1000 volt).
You may push the Volts key at anytime to L

read the voltage.

Push the Amps key to display the current é
AMDPS | fiowing in the circuit, in amps, made up of the OO . 031 Am pS
power source on the Input terminals and the
load on the Output terminals. The current

reading is displayed to three decimal places

with a resolution of one milliamp (1/12000
amp). You may push the Amps key at anytime to read the current.

Push the Ohms key to display the resistance

OhmMS | of the load, in ohms, attached to the Output 099 ) 03 Oh ms
terminals. Resistance is not measured

directly but is computed by dividing voltage

by current, so there must be sufficient voltage

and current to display resistance. When no
current is flowing the LCD will read O.L for Over Limit. The resistance reading is
displayed to two decimal places with a resolution of one- one hundredth ohms (1/100
ohm). You may push the Ohms key anytime to read the load resistance attached to
the Output terminals.

Push the Watts key to display the power, in

Watts watts, flowing through the circuit. Power is OO . 09 1 Watts
computed by multiplying voltage times

current. The power reading is displayed to

three decimal places with a resolution of one

milliwatt (1/1000 watt). You may push the
Watts key anytime to read the instantaneous power.

Push the WHrs key to displ in both
WHrs V\;Jastt-Hoeurs a:lsd V?/étt?séigr?gs?nigmg ac; OO . 004Wh OOO 15WS

power is non-zero the WHrs and WSec
display will continue to update (like your
electric meter). After power is removed for 45

seconds the WHrs and WSec display will go

to zero. Watt-hours are displayed to three decimal places with a resolution of one
milliwatt-hr (1/1000 watt-Hr) and Watt-seconds are display with a resolution of 1 watt
second. . You may push the WHrs key anytime to read the accumulated energy
consumed by your circuit hookup. See Section 9 — Tips for the method to convert
Watt-Sec to Watt-Hrs.
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Lower-Row Keys

Rec The Rec-Stop key is used exclusively for
recording Track data. Push the Rec-Stop to
begin recording (data logging) all electrical

data and push it again to halt recording. Recordlng TraCk 1

There are ten (10) Tracks numbered 0 through

9; the Rec-Stop automatically cycles to the
next available Track number on each push. When recording is in progress the Track
number is displayed on the right side of the top line as TO through T9 (Track 0 through
9) to indicate recording is in progress.

Fwd The Fwd and Rev keys are used to step through previously recorded Track data and to
set the Date and Time. Push Fwd to increment a selected number and Rev to

———/

— decrement it. The lower line on the LCD screen prompts for the key pushes. The Fwd
Rev and Rev keys are used with the Track and Func key menus and not by themselves.

——/

I\ Recorded data (logged data) are saved as
Track Tracks like music on a CD. There are ten
\——__/ Tracks where you can record and store

sampled data, and pushing the Track key will s
cycle through all ten Tracks in order. If any VIeW TraC k8 Data

data has been recorded for the selected
Track, it will be displayed; if not, the Track will be displayed as empty. The Track key
is also used to clear the Track memory for new experiments and to select the Sample
Time from 1 second to 99 seconds. A different function appears for every push of the
Track key.

= The Func key (short for Function) selects 4
unc among setting the Date and Time, starting

and stopping a stopwatch feature, viewing

the voltage of the internal battery and viewing

the Build date — the date of the software Sto pwatCh
\

version programmed into the meter.

7

Battery Voltage

r

LSet Date-Time

7

LBuild 3/27/2009
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Recording Tracks

Stop

The Rec-Stop key is used exclusively for recording Track data. Push Rec-Stop to
begin recording (data logging) all of the above data and push it again to halt
recording. There are ten (10) Tracks numbered 0 through 9, and the Rec-Stop
automatically cycles to the next available Track number on each push.

A flashing asterisk symbol (*) indicates when each sample is taken. The sample rate
is determined by the Sample Time set by pushing the Track key. You can set the
Sample Time from 1 second to 99 seconds. (with 1 second samples the asterisk

symbol is always on).

The bottom LCD line cycles through four
repeating messages starting with the Track
number currently being recorded. Each
message remains on the screen for
approximately three seconds.

The next message shows the Sample Time,
in seconds. This alerts you to how fast or
slow you chose to sample data. The Sample
Time can be changed by pushing the Track
key.

The third message indicates how many data
samples have been recorded thus far. There
are 2730 total samples for up to ten Tracks —
a Track can have any number of samples -
you can allow the recording to accumulate
samples up to this limit.

The fourth message is a prompt to push the

Rec-Stop key to end recording for this Track.

Once pushed, the message will change to

If the recording exceeds the 2730 data
sample limit or you attempt to record more
than ten tracks, a message is
displayed prompting you to push the Rec-
Stop key to end the recording cycle.

*

LRecording Track2

r
*

01 Sec Samples

( *
10092 Tot Samples

Rec-Stop To End

Memory Full

If the Memory Full message comes on you will need to clear the Track memory before

any more recording can take place.

All other bottom keys are locked out during the recording process. You must push the
Rec-Stop key to end the cycle to allow the other bottom key functions.

You may push any top key during the recording cycle to witness the real-time

electrical measurement.
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Setting Sample Time

Sample time is the time interval between each data sample; it can be set between 1 second to 99
seconds in 1 second increments. With 2730 total samples available it will take 45 minutes to fill
all the Track memory at 1 second per sample and up to 3 days, 7 hours and 41 minutes at 99
seconds per sample. Each data sample records the voltage, current, load resistance, power and
accumulated energy for later review.

Push the Track key until the 4
Track prompt is displayed.

Allow three seconds to elapse until the current kset Sam ple TI me

Sample Time is displayed. Push the Fwd or
Rev keys to increment or decrement the time. r

The Sample Time is stored once no key is
pushed for three seconds. If you make a
mistake or just want to change the Sample

Time again, simply repeat this procedure. 30 SeC Sam pIeS

Clearing Track Memory

The Track memory must be cleared when the Memory Full message is displayed while recording
data or to simply make room for more experimental data.

k Push the Track key until the
Trac prompt is displayed.

LCIr Track Memory

Allow three seconds without pushing the Track
key and the message is

displayed. Push the Track key again to clear the
Track memory. ‘Track To Clr Mem

r
The message is displayed to

confirm that the memory is clear and ready for
up to ten more Track samples.

LTrack Mem Clear

You will lose all recorded data when you clear the Track memory. Make sure that you
have manually saved important experimental data before clearing Track memory.
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Viewing Previously Recorded Tracks

Recorded data (logged data) are saved as Tracks like music on a CD. There are ten Tracks

where you can record and store sampled data, and pushing the Track key will cycle through all
ten Tracks in order. If any data has been recorded for the selected Track, it will be displayed; if
not, the Track will be displayed as empty.

Push the Track key until the

prompt appears where x is the Track number
from 0 to 9. You can stop after any key press
to see if the Track contains any data.

You will receive the prompt if
the Track was not recorded. Otherwise, the
following messages will cycle at three second
intervals.

If Track data was recorded, Trackx Totalxxxx

is displayed indicating the Track number and
the total data samples in the Track. Notice the
Tx in the corner indicating that this is Track data
as opposed to real time data.

The next message indicates the current sample
data displayed on the top LCD line. Push the
Fwd or Rev keys to change the sample number
to display the next set of electrical parameters
on the top LCD line.

The Message prepares for the
Date and Time that the sample was recorded.
You can push any of the top keys to select
voltage, current, resistance, power or energy for
this sample.

Next comes the Date when the sample was
recorded. You can push any of the top keys to
select voltage, current, resistance, power or
energy for this sample.

The Date is then followed by the Time of sample.
You can push any of the top keys to select
voltage, current, resistance, power or energy for
this sample.

Then comes the . message that
is intended to prompt you to select another
sample for viewing. Push the Fwd or Rev keys to
change the sample number to display the next
set of electrical parameters on the top LCD line.

View Track6 Data

7

‘Track6 IS Empty

7

T3
Track3 Total0056

\,

7

T3
‘This Sample 0006

T3

kRecorded On...

s

T3
LDate 3/14/09

7

T3
LTime 11: 37: 06 AM

7

T3
LFwd Rev To Scan
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Finally the

Once the Track key is pushed, the

message is displayed for 3 seconds
indicating that real time data rather than Track
data are being displayed on the top LCD line.
Also notice that the Tx on the top line is gone.
This is another confirmation that real time data is
being displayed.

prompt is displayed
to inform you to push the Track key to end the
repeating Track memory cycle.

T3
Track To Escape

7

LViewing RealTime

The preceding screens repeat over and over until the Track key is pushed to end the
cycle. This is the best way to view stored track data on the LCD screen, since it allows
sufficient time to examine each data sample in detail and, if desired, to create manual

paper plots using the data.

For example, you can select Volts and push the Fwd key to cycle through all the voltage
readings as they were recorded. Do the same with Amps, Ohms, Watts and WHrs. Push
the Rev key if you miss a sample or just want to go back or review it in reverse. This is the
ultimate purpose of recording samples; that is, for you to be able to review, in detalil, all
readings as they were sampled as a “data snapshot” —all at the same time.

Viewing Tracks on Your Computer

While manually
examining Track data
on the LCD screen,
your computer will
display the Track data
as a continuous loop.

You must have your

connected to the
computer with the USB
cable to witness this
activity.

This is an example of
Track data as it loops
on the computer
screen.
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Stopwatch

The stopwatch feature allows you to time experiments. Once enabled, it will remain on the
bottom line of the LCD until you turn it off.

Func

Push the Func key until the " prompt
is displayed.

Stopwatch

Without pushing any key for 3 seconds the

# #  prompts you to push the Func
key to start the stopwatch timer. When you're
ready, push the Func key.

Func Start - Stop

~
Once the Func key is pushed the stop watch

timer will show time in hours, minutes and

seconds. 000009

When you are done timing your event, push o
the Func key again and the stopwatch timer
will halt. The stop watch time will stay on the

bottom line until your push the Func key. OO OO 18

\
r
Push the Func key to clear the bottom line
and to exit the stopwatch function.
\

Battery Monitor

You can monitor the voltage of the internal 9-volt battery by this procedure.

Func

’
Push the Func key to display the

$ prompt. Left un-pushed for 3
seconds the battery voltage is displayed.

Battery Voltage

7

Battery at 5.9V

If the battery voltage is below minimum, the
prompt will change to $ % , Which
you should do.

Replace Battery
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Software Version

The software version, called the Build, is the date of the software release. It is often helpful to us
if the Build date is known in order to isolate any problems that may arise.

Func Push the Func key until the Build date is
displayed. This is date of the last software
update in the unit's microprocessor memory.

Build 03 /11/09

Setting Date & Time

The clock-calendar is provided to time-tag Track samples. You should periodically check the
date and time and adjust it, if necessary, by the following procedure.

E Push the Func key until the [
unc # prompt is displayed. Allow

three seconds for the following display. .
| Set Date-Time

The Date is displayed with a flashing cursor ¢~
at the month. Adjust the month with the
Fwd or Rev keys —or — wait six seconds
until the cursor shifts to the day —or- push t

he Func key to advance the flashing cursor LDate Q?) / 14 / 09

to the day of the month.

The Date is displayed with a flashing cursor [
at the day of the month. Adjust the day with
the Fwd or Rev keys —or — wait six seconds

til th hifts to th —or- h
;JhnelFur?cClli:asyotroSatlijnoce ;Zigsh(i)r:g%tsrsor LDate 03 / 14 / 09

to the year.

The Date is displayed with a flashing

cursor at the year. Adjust the year with the

Fwd or Rev keys —or — wait six seconds

until the cursor shifts to the time —or- push

the Func key to advance the flashing Date 03 / 14 / Qg

cursor to the time.
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The Time is displayed with a flashing cursor
at the hour. Adjust the hour with the Fwd
or Rev keys —or — wait six seconds until the
cursor shifts to the minute —or- push the
Func key to advance the flashing cursor to
the minute. Be sure to check the AM —

LTime 02: 05: 32 PM

PM for the correct time of day.

The Time is displayed with a flashing
cursor at the minute. Adjust the minute
with the Fwd or Rev keys —or — wait six
seconds until the cursor shifts to the
second —or- push the Func key to advance
the flashing cursor to the second.

The Time is displayed with a flashing
cursor at the second. Adjust the second
with the Fwd or Rev keys —or — wait six
seconds until the time disappears —or-
push the Func key to cause the time to
disappear.

LTime 02: 05: 42 PM

s

kTime 02: 05: 56 PM

For best results, repeat the entire procedure to ensure that you set the date and time

correctly.
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6.

Software Installation

Note: DO NOT connect the USB cable to the computemtil the software
installation procedure has been completed. You wWibe prompted when to do this in

Step 8 below.

1. Insert the REEL Power CD-ROM into your computeiiscddrive and close the door.

2. Ifthe dialog box to proceed does not come uphenesktop, right-click on “Start” then click “Expk”.
Find your CD-ROM drive (D, E or higher) then cliitko bring up the folder’s contents.

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

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

5. Next, minimize all applications until the Deskt@appears again. A REEL
Power icon like that shown here should appear:

6. Double click on the REEL Power icon.

7. A menu selection will appear. Click on thE°P Auto Trac — Data Loggermenu item to get started

8. Connect the USB cable to both the circuit Smartevland your PC. If your PC speakers are enabled yo
should hear the traditional “Ca Clunk” sound indiieg that the PC has recognized the USB device.

9. At this point you have successfully installed tlaedware and software. Now proceedgrction 7o0n

“Learning to Use the Graphics Software”to understand what to do next.
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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 - Current in amps
Red - Power in watts
Green — Voltage in volts
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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 port is 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.

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.
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Screen Capture and Display

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

Click this icon to view the
captured images. Only the
latest captured image can be
displayed with this icon. Go
to "C:\My Documents\Reel
Power\Data" and click the
corresponding files for other
saved 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.
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8.

lllustrated below is a typical

Typical Hookups

hookup. Attach a power source

like a solar panel, wind turbine, fuel cell or battery to the Input terminals (observing the positive
and negative polarities) and a resistor or motor load to the Output terminals. Now you are ready
to measure voltage, current, load resistance, power and energy.

Solar Panel

There are many ways to hookup power sources and loads — one of which is in series or parallel.

Series Hookup

Parallel Hookup

+
Solar Panel

+
Solar Panel

+
Solar Panel

+
Solar Panel

S
St
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9. Tips

Recording Data

When recording data, leave a few seconds of zero voltage at the beginning of the recording. This
will be helpful when the Track data s plotted on the computer, since the small zero gap will show
the beginning and end of the data loop.

Computing Total Experiment Time Based on Sample Tim e
In order to determine the total time for your experiment, simply use the following simple equation:
Total Time =2730* S

Where S is the sample time in seconds from 1 to 99 seconds
And 2730 represents the total samples available

Common Equations

Three most common equations used in electrical computations are Ohms Law, the Power
equation and the Energy equation.

Ohms Law states that voltage is equal to current times resistance as in the following equation:
V=1*R where
V = voltage in volts

| = currentin amps
R =resistance in ohms

Power is computed by multiplying current times voltage as in the following equation:
P=1*V where
P = power in watts
| =currentin amps
V = voltage in volts
Energy is power times time as in:
E=P*T where
E = energy in units of time (seconds, minutes, hours, etc.)

P = Power in watts
T = units of time (seconds, minutes, hours, etc.)

Converting Watt-seconds to Watt-hours (and visa ver  sa)

There are 3600 seconds in each hour (60 sec/min * 60 min/hr). To convert Watt-seconds to
Watt-hours simply divide Watt-seconds by 3600.

WHrs = WSec / 3600

WSec = WHrs * 3600
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Replacing the Battery

1. Remove the four screws from the bottom of the enclosure.

2. CAREFULLY!! open the top shell of the enclosure TO THE LEFT.

3. Remove the 9-volt battery from its clips and replace it with a new one.

4. Replace the top shell making sure to line up the back panel with the ridges on the top
shell.

5. Replace the four screws.

Smart Meter — Data Logger User Manual © LearnOnLine.




10. Troubleshooting

If the software does not respond after starting or if it should produce unexpected results, please
check the following possible causes:

Connecting

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 portisd  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.

You can also use determine the correct icon number by using your computer’s Control Panel
(PCs only) by the following:

Click on Start  Control Panel System  Device Manager Ports  USB Serial Port (x)
where x is the number that should be entered into the Comm Port select icon. Then (using the

keyboard) enter the number of the USB Serial Port you found from the Control Panel. Then click
on the “X” in the icon below.

Finding the Data

After clicking on either the Capture Image icon (left) or
Start Data Log icon (right), the captured data can be
found on your hard drive by searching the following
path:

cA My Documents REEL Power -> data
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11.

Limitations

The software will crash if you..
unplug the USB cable without first closing the software program
run the program on a slower computer
rapidly click on the arrows below the plot area

Displayed Time on Computer Plots

The time displayed on the computer plots are not when Track data was recorded. This is the

actual time.
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