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Three Things About Ham Radio

• 1) Location agile, set up most anywhere

• 2) Frequency agile, lots of “channels”

• 3) Power agile, can provide 5 volts and 12 
volts of emergency power
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For Many Ham Radio Operators, 
Back-Up Power Plan Is A Generator
• Your plan “A” for back-up power is a generator

• A large earthquake happens

• Your generator runs out of gas

• Your region is suppled fuel by underground 
pipelines (gas, diesel, aviation fuel, etc)

• Your region has fuel storage tanks that might 
be damaged or destroyed during the 
earthquake

• Do you have a plan “B”
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Earthquake Damage Estimates
• http://www.oregon.gov/oem/Documents/Cas

cadia_Rising_Exercise_Scenario.pdf

• Quake Could Threaten 90 Percent Of Oregon 
Fuel Supply

• http://www.opb.org/news/series/unprepared
/oregon-earthquake-fuel-breakdown-90-
percent/

• Oregon’s energy HUB is built on ground that is 
at extreme risk of liquefaction, shaking starts 
and the sand turns to soup in about 20 
seconds 4

http://www.oregon.gov/oem/Documents/Cascadia_Rising_Exercise_Scenario.pdf
http://www.opb.org/news/series/unprepared/oregon-earthquake-fuel-breakdown-90-percent/


People Lining Up For Gas In Japan 
Earthquake March 2011
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Authorities May Ration Gas Still 
Available After An Earthquake

• The power grid is down

• Communications are “dark”

• Local civil authorities must now try to manage 
available resources for the good of all

• Gas for transportation of people and goods 
may be the highest priority for available fuel

• Gas stations might not just hook up a 
generator and start the gas pumps for 
whoever shows up in line, priority needs may 
come first
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Basic Ham Radio Station On 
Battery Power
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Same Station With Plan B, Solar 
Power Added
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Presentation Overview

• Solar panels

• Charge controllers

• Batteries

• AC chargers

• Inline meters

• Wiring and distribution blocks

• Safety

• System sizing
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3 Solar Panels Connected In 
Parallel, 155 Watts And 8.5 Amps

10



Deluxe Radio Station On 
Emergency Power With Solar

• Provided power for station running 4 radios 
and 3 modems on emergency power

• HF radio at 50 watts power setting sent 30KB 
pictures via email over radio…transmit station 
peak load = 7.7 amps

• Solar array peak = 8.5 amps

• Battery was deep cycle AGM 55 Ah

• Charging the battery while sending pictures by 
email over radio and listening to 3 other 
radios 11



Backpack Size Acopower 50W      
12 Volt Foldable Solar Panel
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Acopower 50W Without Their 
Charge Controller & Alligator Clips
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Acopower 50W Nameplate
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Acopower 50W 12 Volt Solar Panel 
Folded Out In The Sun

15



28 Watt 5 volt Solar Panel For 
Charging USB Devices & Batteries
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Big Blue 28 Watt 5 Volt Foldable 
Solar Panel…3 USB Ports
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Acopower 50W Solar Panel In The 
Sun At 3:05 PM
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Acopower 50W Solar Panel Inline 
Meter Reading At 3:05 PM
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Slight Clouds With 50W  Panel 
Supported By A Fence At 3:20 PM
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50W PV Panel On The Fence, Inline 
Meter Reading At 3:20
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Cloudy Sky At 3:45 PM
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Cloudy Sky At 3:45 PM, 190W 
Array…40W + 100W + 50W
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Cloudy Sky At 3:45 PM, 190W 
Array Inline Meter Reading
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Yaesu FTM 100 Radio With Solar 
Power On A Cloudy Day

• FTM 100 receive power = 0.28 amps

• FTM 100 transmit at 20 watts = 4.5 amps

• Talk 10% of the time, 4.5a x 0.1 = 0.45 amps

• Listen 90% of the time, 0.28a x 0.9 = 0.25 
amps

• 0.45 + 0.25 = 0.7 average amps over an hour

• Solar 0.95 amps – average radio 0.7 amps = 
0.25 amps, some power left over to barely 
charge the battery
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Cloudy Sky At 4:39 PM With The 
Same 190W Array
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Cloudy Sky At 4:39 PM With The 
Same 190W Array Inline Meter
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Cloudy Sky At 5:50 PM With The 
Same 190W Solar Array
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Cloudy Sky At 5:50 PM With The 
Same 190W Solar Array
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How Do Solar Panels Work
• The front of the panel has an excess of 

electrons and the back of the panel has a 
number of “holes” that are ready to receive 
electrons

• The photons from the sun strike the surface of 
the panel, dislodging electrons… one photon 
of light dislodges just one electron

• The dislodged electrons then travel from the 
front of the panel through the “circuit” and 
return to the other side of the solar panel
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How Are Solar Panels Rated?

• Solar panels are rated using STC or “Standard 
Test Conditions”

• The solar manufacturer puts the solar panels 
in a flash tester at the factory  that delivers 
1000 watts per square meter of sunlight 
intensity (irradiance) 

• The testing area holds the temperature at 25 
degrees Celsius (77 F)
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How Are Solar Panels Rated

• They assume an air mass of 1.5 

• The flash test gives the manufacturer their STC 
nameplate ratings on the panel

• Consider this like EPA mileage on the car you 
buy, your mileage may vary
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Irradiance In Watts Per Square 
Meter

• Irradiance describes how much power is 
coming down from the sun

• Back in the 1970s, a benchmark sunlight 
intensity (irradiance) was selected for STC 
ratings on solar panels

• 1000 watts per square meter was to represent 
the amount of sunlight energy striking a mid 
latitude location in the US at sea level on a 
clear day
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Irradiance In Watts Per Square 
Meter

• This is about the best conditions you will find 
in real life, often your sunlight intensity may 
be closer to 800 watts of energy per square 
meter 

• A one meter square solar panel at 25% 
efficiency can produce 250 watts of energy
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Sun Hour

• “Sun hour” – if we collected all the sun energy 
in a bucket  from 30 minutes before noon to 
30 minutes after noon, we would have one 
“sun hour” of energy

• Assume the sun energy around noon is 1000 
watts per square meter, (clear summer day)

• One sun hour is equal to one kilowatt-hour

• In solar power, instead of saying how many 
kilowatt-hours per square meter per day, it is 
easier just to say how many “sun hours/day”
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Insolation

• Definition-the total amount of solar radiation energy received 
on a given surface area during a given time. It is also called 
solar irradiation and expressed as "hourly irradiation" if 
recorded during an hour or "daily irradiation" if recorded 
during a day.

• You will see insolation charts that describe a location and 
about how many sun hours per day on average you can expect 
for a particular month

• This provides a benchmark for you, how many sun hours 
would an average day in Portland provide
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How Hot Do Solar Panels Get In The 
Sun?

• The STC used to test your panel was 25 
degrees C

• As a solar panel gets hotter, the voltage will 
drop

• Your solar panel temperature will probably be 
about 20 degrees C higher than the ambient 
temperature

–95 degree (35 C) day, take 35C + 20 C and 
you have 55 C solar cell temperature, that is 
30 C above the STC of 25 C
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How Hot Do Solar Panels Get In 
The Sun?

• Solar panel output drops about .48% per 
degree C above 25 C in crystalline panels, (30 x 
.48 = 14.4) that is 14.4% less output on a 95 F 
day

• Thin film panels drop about half that

• Try to keep back of the solar panels open to 
air circulation, this will help cool the solar 
panel

• A slight breeze really helps to cool the panels
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Sun Angle Intensity

• The angle to the sun does make a difference

• Lets say you have a sunbeam a mile wide 
hitting the earth from directly over head

• Then you have another sunbeam a mile wide 
that is shining on the earth from a 30 degree 
angle above the horizon
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Sun Angle Intensity
• The sunbeam falling from overhead covers a 

mile wide area

• The sunbeam coming in at the 30 degree 
angle above the horizon, covers twice as much 
area so is half as intense

• Would recommend pointing the panel at the 
sun and then rotate the face about 30 degrees 
west, the sun will start at 30 degrees to the 
left of the panel, then be directly in front, and 
then travel 30 degrees to  the right of the 
panel, then it is time move it again
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What Does AM 1.5 Mean?

• “AM 1.5” on a solar panel spec sheet is talking 
about the air mass coefficient

• “AM 1.0” represents the air mass that a 
photon of light would travel through if you 
were at sea level and looking straight up and 
the sun was directly overhead (zenith angle)
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What Does AM 1.5 Mean?

• AM 1.5 (1.5 x atmosphere thickness) 
represents the amount of air mass that a 
photon of light would travel through if starting 
directly overhead (zenith), you dropped down 
about 48 degrees, as sunlight travels through 
more atmosphere thickness, you have some 
attenuation

• The panel takes into account the attenuation 
at 42 degrees above the horizon
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Air Mass

Sun Angle in degrees Air Mass Coefficient W/m2 range due to 
pollution, Avg = Bold

0     Looking straight up 1 840-1130 = 990 +/- 15%

23 1.09 800-1110 = 960 +/- 16%

30 1.15 780-1100 = 940 +/- 17%

45    halfway down 1.41 710-1060 = 880 +/- 20%

48.2 1.5 680-1050 = 870 +/- 21%

60 2 560-970 = 770 +/- 27%

70 2.9 430-880 = 650 +/- 34%

75 3.8 330-800 = 560 +/- 41%

80 5.6 200-660 = 430 +/- 53%

85    is 5 degrees above the 
horizon

10 85-480 = 280 +/- 70%

48



Sunlight Intensity Over A Mostly 
Sunny Day
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Solar  Panel Output Based On 
Irradiance Levels

50



Panel Ratings, WPSF And Tolerance

• Watts Per Square Foot is important to look at

• Solar panels range from 5 WPSF to over 16 
WPSF, this tells you the efficiency of your 
panel (Thin film are 5-9 WPSF)

• Tolerance = the range the panel will over 
perform or under perform its rated power

• Good reference article below

• http://www.sunlightelectric.com/pvmodules.p
hp
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Solar Panel Efficiency

• 1) Monocrystalline…best efficiency now about 
25%

• 2) Polycrystalline…best efficiency now about 
20%

• 3) Thin film…best efficiency now about 13%
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Solar Panel Efficiency

• Latest technology, “think very expensive”

• Multi-junction (4 junction or more, non-
concentrator) 38.8%

• Multi-junction (4 junction or more, 
concentrator) 44.7%
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Grid-Tie And Off-Grid Solar Panels

Solar Panel 
Nominal voltage

Number of cells in 
the solar panel

Voc (Open circuit 
voltage, not under 
load)

Vmp (Max voltage 
under load)

12 volt 36 22 volts 17 volts

20 volt 60 38 volts 30 volts

24 volt 72 44 volts 36 volts
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Grid-Tie And Off-Grid Panels

• The 12 volt and 24 volt panels designed for 
charging batteries

• Grid-Tie systems went mainly to 20 volt panels

• 20 volt panel, too much voltage for 12 volt 
battery and not quite enough for 24 volt 
batteries if using PWM charge controller

• Each solar cell produces about 0.5 volts, all 
the cells are connected in series

• Bigger size cell means more amperage
56



Solar Panel Nameplate
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More Solar Panel “Speak”

• Voc = “open-circuit voltage” easy to see, just 
connect your DC meter to the solar panel, this 
is the solar panel voltage with no load

• Isc = “short-circuit current” also easy to check, 
shade the solar panel,  move your positive 
meter lead to amps, (note the max amps you 
can test), with meter leads already attached, 
now expose the solar panel to light, when you 
are done, shade the panel again…otherwise 
you will create a DC spark, like arc welding

58



Monocrystalline

• The solar “cells” are silicon material that is 
grown into a single crystal and then sliced

• These are the types that have the rounded off 
squares

• They are the most efficient and can have 20-
25 year warranties, panels from the 1970s are 
still producing some power
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Monocrystaline

• Like most panels, they do not tolerate shading
or getting dirty, the power output drops a lot, 
just keep clean and in full sun

• Excellent choice for portable power

• They are the most efficient
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Polycrystalline

• The material is melted and poured into a mold

• Slightly less efficient than the monocrystalline

• Good choice for portable operations

• Keep them in full sun and clean
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Thin Film Solar Panel

• Low efficiency

• The roll up version, given your circumstances, 
may be best

• The Harbor Freight version is heavy and not 
very efficient, ok for setting up a portable USB 
charging station

• Some may have lower max voltage ratings at 
STC and may not have enough voltage to top 
off your battery well when in warm conditions
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Thin Film Solar Panel

• Targeted for the “consumer market”, not a 
best choice for critical applications

• Thin film could degrade more quickly over 
time, the jury is out

• They do lose less power on warmer days, >25 
C, about .25% per C, versus about 0.5% per C 
with crystalline panels
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Solar Panel Price

• Best measurement is price per watt

• 1975 price was $101.05/watt

• 1977 price was $77.00/watt

• 2008 price was ~ $4.00/watt

• 2015 price was $0.64/watt

• 2017 price is $0.53/watt

• Pricing based on large grid tie panels and bulk 
purchase, not the price ham radio operators 
will pay
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Want More Power, Just Connect 
Some Solar Panels Together
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Parallel Connection Of Solar Panels
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Using A Distribution Block To 
Connect Solar Panels Together
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Solar Panel Shading

• Just a small amount of shade on your solar 
panel will severely drop the panel output

• Place your panels in full sun and point them at 
the sun

68



Solar Panel Shading
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Solar Panel Shading
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Solar Panel Shading
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Solar Panel Shading
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Charge Controller 3 Stage Charging

• You need a solar charge controller when 
charging batteries with a solar panel

• The nominal 12 volt solar panel working 
voltage output is about 17 volts, no controller 
and you would fry your battery

• Note-for every 100 units of energy I pull out of 
my lead acid battery, I have to put back about 
110-120 units to compensate for some losses 
with charging
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Charge Controller 3 Stage Charging

• “Bulk” charging is the first stage, this is where 
the solar panel output is passing directly into 
the battery

• The battery voltage slowly rises to a 
predetermined peak voltage and is then held

• Peak voltage is about 14.5 volts on an AGM 
battery, this step represents about half the 
charge time cycle and completes 80% of the 
State Of Charge
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Charge Controller 3 Stage Charging
• “Absorption” is the second stage, the battery 

voltage is held at a constant peak voltage and 
the amperage is allowed to taper as the 
battery is reaching a final charge, this is the 
final 20% SOC 

• This stage takes about 50% of the total 
charging time

• Third stage, the battery is basically fully 
charged and just a trickle charge is used to 
keep the battery topped off
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155W Array Absorption Phase 
Starting, Bottom Meter Is Array
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Charge Controllers

• Be aware of the peak voltage that the charge 
controller sends to your battery

• Too high of a voltage will kill your battery life

• The battery will start “gassing” if the voltage 
rises too high

• You can connect multiple panels in parallel 
with each other to increase your total output 
into the charge controller

• Different panels can be connected together 
this way 77



Charge Controllers
• When connecting a charge controller to your 

solar panel and battery

• Connect to charge controller to the battery 
first

• Then connect the charge controller to the 
solar panel

• This helps prevent a solar panel high voltage 
inrush that could damage your controller

• Disconnect the controller doing the opposite
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Types of Charge Controllers

• Pulse Width Modulation…PWM, uses pulses 
to charge the battery, operates at battery 
voltage, best in warm conditions and with 
array wattage under 200W

• Simple On/Off…cut in and cut out type(Cheap)

• Maximum Power Point 
Tracking…MPPT…concern about RF 
interference, converts higher solar panel 
voltage down to the lower battery voltage and 
increases the amps, best when battery is low 
or in cold conditions 79



Renogy 100 Watt Solar Panel

80



Renogy 100 Watt Solar Panel

• Optimum operating voltage (Vmp) = 17.8 volts

• Optimum operating current (Imp) = 5.62 amps

• The higher voltage allows for “headroom” 
above your battery voltage (cable losses)

• The higher voltage panel adjusts for lower 
voltage output during higher ambient air 
temperatures
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PWM With 100 Watt Panel
• 100 watt solar panel max output of 5.62 amps

• Volts x Amps = watts

• During the bulk charging phase

• The solar panel is capable of providing 17.8 
volts, but is pulled down to the battery 
voltage

• Low battery voltage 11v x 5.62 amps = 62 
watts

• High battery voltage 14v x 5.62 amps = 79 
watts 82



PWM Charge Controllers

• Have a solar panel upper voltage limit. The 12 
volt battery charge controller upper limit is 
about 30 volts

• Designed for off grid solar panels, nominal 12 
volts panels

• Unless you get a 24 volt charge controller and 
series connect two 12 volt batteries
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MPPT With 100 Watt Panel 

• DC power is changed to AC

• The AC power is then run through a 
transformer, this adjusts voltage down to the 
battery voltage and in turn increases the 
amperage

• The AC power is then rectified back into DC 
power

• DC to DC power converter

• Power in = power out
84



MPPT And 100 Watt Panel Example

• Low battery voltage

• 17.8v mp/11 volt battery = 1.6:1 ratio

• 1.6 x 5.62 amps = 9 amps

• 11 volts x 9 amps = 99 watts

• High battery voltage

• 17.8 v mp/ 14v battery voltage = 1.27:1 ratio

• 1.27 x 5.62 amps = 7.1 amps

• 14 volts battery x 7.1 amps = 99.4 watts
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PWM Charge Controllers

• Morningstar 12v SunGuard 4.5 amp, works for 
up to 75 watts  $30

• Morningstar 12v SunSaver 6L, great for up to 
100 watts  $42

• Morningstar 12v SunSaver 20L, is great for up 
to 350 watts of solar  $88  (LVD is 11.5 volts)

• Morningstar 12v ProStar PS-30M is great for 
up to 500 watts, used at repeater sites a lot,  
$130…newer model will replace
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MPPT Charge Controllers

• Genasun MPPT charge controllers are 
considered very RF quiet…largest unit is rated 
for a 140 watt solar panel, used in parallel

• Genasun GV-10-Pb-12V, 10.5A MPPT 
controller for 12V Lead Acid Batteries  $75

• Blue Sky is now a part of the same company
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Demonstration Time

• 12 volt fan operates with back scatter light

• Look at 3 different inline power meters and 
how easy the display is to read

• Parallel two batteries, 28Ah AGM x 2 = 56Ah

• Harbor Freight 15 watt solar panel is a small 
charging station…USB buddy 12volts to 5 volts 
@ 3 amps (5v x 3 amps = 15 watts), two 
devices can be charged depending on light 
intensity
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Small USB Power Charging Station
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Small USB Power Charging Station, 
Charging Stream 8 And I-Pad Mini
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Small USB Power Charging Station, 
Close Up View Of The Meters
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Plan To Charge Up Extra USB Li-ion 
Batteries If You Have Surplus Power
• During a disaster, support team staff may be 

using their phone for taking pictures, using 
first aid apps and such while there is daylight

• Plan to use any surplus power to charge as 
many USB 5 volt Li-ion batteries as you can 
during the day

• Support staff could have one to go with them 
during the day, or charge their phone up at 
night after they return to basecamp
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Portable Operation Basic Questions

• What are the power requirements of your 
equipment? 

• How do I minimize voltage drop in my system?

• How much power am I using?

• What size and type battery should I get?

• What size and type solar panel should I get?
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Portable Operation Basic Questions

• Why did my radio just shut off when I keyed 
the radio?

• Does it make a difference how fast I 
charge/discharge my battery?

• What is the best way to charge my battery 
when it is raining?
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Your Radio

• Try to keep your radio from overheating

• If you are outside, try to keep the radio out of 
direct sunlight, no pop up shelter, use some 
type of reflective shield well above the radio

• Allow good ventilation around the radio…flip 
the mounting bracket and use as a base
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Your Radio

• Watch out for dust when outside, I had some 
dust at the  Oregon Star Party 2014 that did 
cause some problems with my Yaesu FT-897 
after one week of outdoor use, cleared the 
dust and had to do a hard reset of the radio
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Basic Mobile Station With Battery 
Backup…FTM 400 Radio
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Plug In Everything To Your 
Distribution Block
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Radio Voltage Needs

• Most of our radios require 13.8 volts +/- 15%

• That is 11.73 volts to 15.87 volts ( 13.8v +/-
2.07 volts)

• Our lead acid battery voltage when its full is 
about 12.7 volts

• Do not include the “surface charge”



Radio Voltage Needs

• That means we have a 1.0 volt “window” that 
we have to use wisely, or our radio might not 
work properly or even just shut off

• 11.7 volts to 12.7 volts is our “window”

• Think of 11.7 volts as our “cutoff” voltage

• Of Note…Battery voltage < 10.5 volts will 
cause significant sulfation
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At REST Battery Voltage As A State Of 
Charge (SOC)

•12.6v or more             100%

•12.4v                               75%

•12.2v                               50%

•12.0v                               25%

•11.7v                                  0%



At Rest Battery Voltage As A State 
Of Charge

• Lead-acid battery at 77 degrees F and the 
battery has been at rest for 2-4 hours, not a 
surface charge 

• Note that every 0.2v drop is equal to a 25% 
loss in effective battery capacity

• When we first start to use a battery is when 
this information is helpful

• If someone brings you an extra battery, ask if 
it has been in use within the last 2-4 hours
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Rated Capacity Of Your Battery

• Lead acid batteries are often rated by a certain 
number of amp hours over a rated discharge 
time

• Amp-Hour (Ah) = if you have a constant load 
of one amp for a period of one hour, that is 1 
Ah(3600 Coulombs)

• Examples of 10Ah = 1 amp load x 10 hours or 
5 amps x 2 hours



Coulomb Magic

• 1 amp = 1 coulomb per second

• 1 coulomb is 6.25 x 10^18 electrons

• 6,250,000,000,000,000,000 electrons per 
second flowing in your wire with a 1 amp load

• Each photon of light hitting your solar panel  
can only energize one electron that flows into  
your wire, charges your battery and runs your 
radio…amazing
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Rated Discharge Time

• The faster you drain a battery, the less overall 
amperage is available

• How many Amp Hours you will get depends 
on the load,  ambient temperature, age of 
your battery and your state of charge

• There is parameters for how you get 
amp/hour ratings

• Deep cycle batteries are usually discharged 
with a constant load over a 20 hour period to 
get their rating 113



Battery Discharge Characteristics

• “100 Ah battery with 20 hour rating” means 
the battery should be able to provide a 5 amp 
constant load for 20 hours, and the voltage at 
the end of that time period while still under 
load would be 10.5v, (this voltage is too low 
for most of our radios, and we do not want to 
ever discharge a battery that far, unless no 
other choice)

• Battery discharge is not linear, (Peukert’s law 
describes the real story)
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Battery Discharge Characteristics

• 10.5 volts under load is your cut-off voltage 
and 11.7 volts under no load is the lowest 
point you should ever discharge the battery

• If the 100 Ah battery is completely 
discharged in a shorter time, with a higher 
current, the delivered capacity is less
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Battery Capacity Can Not Be 
Treated Like A Bucket Of Water

• With a 5 gallon bucket of water, you can pour 
it all out as fast as you want and fill it up as 
fast as you want. Not true with a battery

• The “C” in C-rate is the battery capacity in 
amp hours, when you look at a chart that uses 
the term “C”, they are referring to the amp 
hour capacity of your battery

• With a 100 Ah battery, C/10 = 100 Ah/10 = 10 
amps (Constant load charging or discharging)

• 2C is 2 x 100 Ah = 200 amp load/charge116



12 Volt Battery Discharge 
Characteristics Chart…Voltage Sag
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How Fast Can You “Pour The Water 
Out” C Rates With 55Ah Battery 

And Voltage > 11.7 Volts
C Rate Constant Amperage Time with battery = or >  

11.7 volts

2C 110 amps ~ 2 minutes

1C 55 amps ~ 15 minutes

.628C 34.5 amps ~ 25 minutes

.4C 22 amps ~ 60 minutes

.207C 11.4 amps ~ 2.5 hours

.093C 5.1 amps ~ 7 hours

.05C 2.75 amps ~ 15 hours
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Voltage Sag When We Key The Mic
• The moment we key the mic, our battery 

voltage sags. As we deplete the battery, the 
voltage will sag lower and lower as we key up

• That 12.6 volt battery under load can drop 
below the minimum voltage for the radio, 
unless we have a big enough Ah rating for our 
battery, or use less power on the radio, or 
have bigger size wire and/or shorter power 
cable length

• Recommend having a battery with five times 
the transmit amps for the battery Ah rating119



Radio Transmit Amps

FT-7900 Tx
AMPS/WATTS

FTM 100 Tx
AMPS/WATTS

FTM 400 TX
AMPS/WATTS

TM-V7 Tx
AMPS/WATTS

VHF 2.4 A / 5 W VHF 2.5 A / 5 W VHF 2.7 A / 5 W VHF 3.2 A / 5 W

VHF 3.1 A / 10 W VHF 4.5 A / 20 W VHF 4.9 A / 20 W VHF 4.5 A / 10 W

VHF 4.2 A / 20 W VHF 9.0 A / 50 W VHF 9.4 A / 50 W VHF 8.6 A / 50 W

VHF 7.9 A / 50 W UHF 2.2 A / 5 W UHF 3.1 A / 5 W UHF 3.0 A / 5 W

UHF 4.0 A / 20 W UHF 5.5 A / 20 W UHF 4.2 A / 10 W

UHF 6.8 A / 50 W UHF 9.2 A / 50 W UHF 7.4 A / 35 W

Receive 0.3 amps Receive 0.28 amps Receive 0.48 amps Receive 0.52 amps
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55 AH Battery SOC and Radio 
Power Example (Voltage > 11.7v)

Load as AH fraction Load in amps SOC % with Voltage 
> 11.7 volts

Battery power will 
support

C/3 or 55Ah/3 18.3 amps Battery SOC must 
be 92% or greater

HF 100 watt radio?

C/5 or 55Ah/5 11 amps Battery SOC must 
be 60% or greater

Mobile radio High 
power (50 watts)

C/10 or 55Ah/10 5.5 amps Battery SOC must 
be 32% or greater

Mobile radio 
Medium power (20 
watts)

C/20 or 55Ah/20 2.75 amps Battery SOC must 
be 10% or greater

FTM 100 low power
FTM 400 low power
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Think Of A Battery Like You Do A 
Water Tower In A Flat Area

• Water tower at 130’ with every 2.31 feet = 1 
psi of water pressure, 130/2.31 = 56 psi

• Bottom of the water tank is 110’ or (110/2.31 
= 48 psi of water pressure)

• (We do not set the “tank” on the ground, 
unless it is up on a hill above the 
population…we are only interested in 
supplying water pressure from 48-56 psi)…so 
our gravity only system water tower looks like 
a mushroom in our flat neighborhood.123



Water Tower Example

• Think of elevation as voltage in this example

• Once you drain the water tank down to the 
bottom of the tank high above you, the 
pressure drops dramatically, as you are now 
draining the water from the vertical supply 
pipe in the center of the structure

• Many people think of the voltage in a battery 
like they think of a bucket of water…our 
battery acts more like the mushroom when it 
comes to voltage 124



Water Tower Example

• Your battery starts out at 12.6 volts (130’), it 
slowly drops in voltage till about 10.5 volts 
under load (110’)

• Then it drops like a rock (tiny amount of water 
in the vertical supply pipe)

• If you stop the load at 10.5 volts, as the 
battery comes to rest, the voltage will rise 
back up some
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Battery Cycle Service Life
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HF Radio Cable Voltage Vdrop 

• Remember…voltage sag + voltage drop should not go 
below 11.7v with many radios

• Voltage at power supply/battery = 12.5 volts

• Calculating the voltage drop with a load of 22 amps

• Battery power cable is #14g wire and 6 feet long with 
a load of 22 amps, v-drop = 0.66v

• Battery power cable is #12g wire and 6 feet long with 
a load of 22 amps, v-drop = 0.42v

• Battery power cable is #10g wire and 6 feet long with 
a load of 22 amps, v-drop = 0.29v



HF Radio Cable Voltage Vdrop 

• Recommend 10 gauge(AWG) stranded wire 

• You will see 12 gauge and 14 gauge wire used, 
this could be too  small due to the voltage 
drop at 12 volts, always try to use 10 AWG 
wire 

• 10’ run of 14 AWG wire at 8 amp load = Vdrop 
of 0.4 volts

• 10’ run of 10 AWG wire at 8 amp load = Vdrop 
of 0.18 volts
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Getting The Power From Your Battery 
Only System To Your Radio

• Yaesu FT-7900 FM radio on high power (50 watts 
RF) uses 8 amps

• 14 AWG wire 0.4 VDC Vdrop is equal to losing 
50% of my effective battery capacity!  You want 
to minimize the Vdrop. Once the voltage goes 
below 11.7 volts, my radio might not work right 
and even shut down

• Remember, every 0.2 volts of voltage drop I loose 
in the power cable = about 25% of my total 
effective battery capacity



• Find a good site on the web to see what your voltage 
drop is for your station

• http://www.calculator.net/voltage-drop-
calculator.html

Typical mobile radio loads are:

• 10-12 amp load should provide about 50 watts of FM 
power 

• 6.5 amp load should provide about 25 watts of FM 
power

• 5 amp load should provide about 10-20 watts of FM 
power

Voltage Drop Calculations

http://www.calculator.net/voltage-drop-calculator.html


Maximum Amps By Wire Size

Wire size (AWG) Ohms per 1,000 ft Maximum amps

18 6.5 20

16 4.0 25

14 2.5 35

12 1.75 45

10 1.0 60
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Typical 28Ah AGM Battery
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28Ah Battery Label
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• Recommend just using no more than 50% of 
battery rated Ah and cap the peak load at 
20% of battery rated Ah

• Example…28Ah battery x .5 (50%) = 14Ah 
available for your operations

• Think of this as how much energy you have in 
the battery bucket that is “available energy”, 
assuming a fully charged, newer battery, and 
not cold

134

Rule Of Thumb-Lead Acid Battery



Rule Of Thumb-Lead Acid Battery

• Next, try to limit peak amps to 28Ah x .2 
(20%)= 5.6 amps

• That will allow medium power or about 20 
watts output for a number of radios, for full 
power (11 amps), get a 55Ah battery

• Find out your amperage load for each power 
setting on your radio
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Ok…It Raining…Very Little Solar…I 
Need To Charge My Battery

• All battery charging should be done in three 
stages, bulk charging phase, absorption
charging phase and trickle charge phase

• You want a battery charger that does all three

• Never, ever charge your battery with an 
automotive constant output (example 5 amp 
output) charger, you will kill your 
battery…there goes your hard earned money
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AC Plug In Battery Charger

137



Battery Tender Plus
• The Deltran Battery Tender Plus is the best 

charger I can recommend

• 1.25 amp charger that does temperature 
compensated “top off” voltage

• 3 stage charger, (technically 4 stage…there is 
an initial check of the battery when it starts)

• “Bulk Phase” = Fixed amperage, the first 80% 
of your battery, constant 1.25 amp charge 
with rising battery voltage, takes about half of 
the total charging time



Battery Tender Plus

• “Absorption Phase” = fixed voltage and 
tapering down amperage for the top 20% 
charge, if not done, sulfation can occur, takes 
about 50% of the total charge time

• “Trickle Charge Phase”, will provide some 
charge as needed to keep battery topped off, 
holds at constant 13.2 volts

• This charger appears to be the most widely 
recommended in my literature search
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Battery Tender Versus Battery 
Tender Plus

• Returning the last 20-25% of the charge to a 
battery is a complex and time consuming 
process

• The Battery Tender Plus has a timer to hold 
the absorption charge longer for AGM 
batteries

• The “Plus” charger holds the voltage at 14.5 
volts in absorption phase until one of 2 things 
happen
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Battery Tender Versus Battery 
Tender Plus

• A) The battery current will drop to < 0.1 amps 
from the initial 1.25 amps output (The charger 
provides up to 1.25 amps)

• B) The battery current delivered does not drop 
below 0.1 amps, the timer will then hold the 
battery voltage at 14.5 volts for 6-8 hours

• Then trickle charge at 13.2 volts
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Using More Than One Battery

• You can connect two batteries together of the 
same age and Ah rating, two 50 Ah batteries 
easier to move than one 100 Ah battery

• Parallel connection is where you connect the 
positive to positive and negative to negative of 
your batteries

• Parallel connection will double your Ah and 
the voltage remains the same, the weaker 
battery might “loof” some
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Using More Than One Battery

• Series connection is positive to negative and 
positive to negative of both batteries

• Series connection will double your voltage and 
you have the same Ah rating, both batteries 
will “work” at full efficiency 
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What Your Battery Wants You To Know

• Constant Heat kills batteries…you loose 50% capacity for 
every 15 degrees above 77 degrees F that your battery is 
continuously stored, could be an issue in your vehicle during 
summertime

• Cold just temporarily reduces available battery capacity, more 
capacity is chemically available once the battery temp rises  

• Your battery needs to be charged up soon after you use it, 
while discharging, the positive and the negative plates build 
up sulfate, do not leave the sulfate to crystallize hard, charge 
it back up  



Things That Could Hurt You

• Thermal runaway is a condition in which the 
battery temperature increases rapidly 
resulting in extreme overheating of the 
battery

• This condition can only occur if the battery is 
at high ambient temps and/or the charging 
voltage is set too high



Thermal Runaway

• As the battery accepts current, its internal 
temperature rises, the rise in temperature 
reduces the battery impedance, causing the 
battery to accept more current, the higher 
current further heats the battery and so on, 
causing the battery temperature to “runaway”

• An upper limit is reached and the electrolyte
begins to boil away, once boiled away, the 
battery temp can climb further to the point of 
melt down and possible fire
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Shorting The Battery Terminals

• A number of lead acid batteries have very low 
internal resistance and therefore are capable 
of delivering high currents if the battery 
terminals are shorted

• The heat resulting from a short circuit could 
cause severe burns and be a potential fire 
hazard

• Always have a fuse between the battery and 
your equipment



Release Of Ignitable Gasses

• VRLA batteries produce Hydrogen and Oxygen
while being charged (Valve Regulated Lead 
Acid), keeps slight positive psi

• VRLA batteries do not recombine 100% of the 
gasses, a small amount of hydrogen and 
oxygen are released from the pressure relief 
valve

• Do not store a flooded or VRLA battery in a 
sealed or airtight container, hydrogen can 
ignite at concentrations as low as 4%



Release Of Ignitable Gases

• Hydrogen is a colorless, odorless gas. Human 
senses cannot detect it

• Electrical energy in excess of what is needed 
for the chemical reaction, decomposes the 
water of the electrolyte into oxygen at the 
positive plates and hydrogen at the negative 
plates
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Shortcut That Could Crowbar Your 
Power Supply

• Ham radio operators are very creative people

• One idea that may come to mind, is why not 
use a solar charge controller connected to my 
power supply with the voltage cranked up to 
14.5 volts? Peak charging voltage for AGM 
battery

• Solar charge controllers can easily “short” the 
panel briefly while in operation, shorting a 
solar panel does no harm…short your power 
supply and you will Crowbar it150



Things That Hurt Your Battery

• 1) Not fully recharging soon after you have 
used the battery, the sulfate coating on the 
plates can become hard and crystallize, 
(Repeating with emphasis)

• 2) Allowing your back-up power battery to 
remain in your car during the summer in high 
heat (Repeating with emphasis)

• 3) Discharging your battery too deeply, try to 
limit to 50% DOD (Depth Of Discharge) 
(Repeating with emphasis)



Things That Hurt Your Battery

• 4) Charging your battery without some type of  
controller, you will overshoot the voltage and 
fry your battery, risk thermal runaway

• 5) Charging your battery with a “cheap trickle 
charger” they do hold the amperage down, 
but let the voltage climb too high and slowly 
cook/kill your battery
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Rechargeable Batteries

• Li-Ion     100-243 Wh/Kg  High charge density

• Ni-Mh 80 Wh/Kg  Self discharge of 
30%/month

• Lead-Acid 47 Wh/Kg  High charge efficiency



Type Of Lead Acid Battery By 
Application

• 1) Starter battery 

• 2) Marine Battery

• 3) Deep Cycle Battery

• The batteries differ mainly due to plate 
thickness and number of “plates” used inside 
each cell, six cells for a 12 volt battery

• The deeper you discharge a battery, the more 
the “plates” want to bend and flex



Starter Battery

• These are the batteries you find in cars and 
riding lawn mowers

• They have many thin “plates” which allow a 
lot of amperage draw, but only over a short 
period of time

• They should not be discharged more than 20% 
or they will be damaged, thin foam like plates 
are consumed and fall to the bottom of the 
battery



Starter Battery

• For portable operation, these are a last resort

• This is a battery that I would use during an 
emergency, but not a battery that I would buy
to prepare for an emergency

• Used in a deep cycle application, would fail 
after 30 to 150 cycles
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Starter Battery Use During An 
Emergency

• Think Cascadia Subduction Zone type 
earthquake

• Road network not passable due to bridges out 
and roads damaged or blocked by slides

• There should be automotive 12 volt batteries 
all over the county

• If you can hike or bike into a damaged area 
with a 12 volt foldable solar panel, you can 
use these batteries all day long while in the 
sun 157



Starter Battery Use During An 
Emergency

• Typical small car battery is about 45 Ah

• Just use the top 20% or 45Ah x .2 = 9 Ah

• FTM 100 radio with 10% talk and 90% listen

• 20W is 4.5 amps, so 4.5 x .1 = .45 amp load

• Receive only is .28 amps x .9 = .25 amp load

• Total average amps per hour is .45 + .25 = 0.7

• Foldable solar panel output is > 2 amps

• Battery should stay topped off all day if sunny
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Starter Battery Use During An 
Emergency

• Night time, FTM 100 usage now Tx 5% and Rx 
95%

• Tx 20W is 4.5 amps x .05 = 0.23 amps

• Rx 0.28 amps x .95 = .27 amps

• 0.23 + 0.27 amps = 0.5 average amps/hour

• 9Ah useable battery capacity / 0.5 Avg amps = 
potential of 18 hours of operation

• Then after sunrise, start charging the battery 
up for another day of operation
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Starter Battery Use During An 
Emergency

• You have a starter battery, inline meter or 
VOM, nearby grid-tie solar panel and wire

• If no other power source and permission from 
the owner of the grid-tie, (grid is dark)

• Disconnect the MC-4 connector after shading 
the panel, and direct connect to the battery

• Monitor voltage rise to about peak bulk 
charge voltage and then stop…you should 
have the battery about 80% charged
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Marine Battery
• The battery “plates” are thin enough to start a 

boat engine

• The battery “plates” are thick enough to have 
a greater depth of discharge than a starter 
battery

• These are a hybrid battery, not a true deep 
cycle battery

• This is a compromise battery for our purposes

• I would still use one if available during an 
emergency



Deep Cycle Battery
• These batteries have the thickest plates

• DOD – Depth Of Discharge can be as low as 
80%

• They are not designed to provide as much 
amperage for say starting an engine

• The plates are solid versus being like a sponge

• It is recommended that you only discharge 
your deep cycle batteries down to 50% and no 
more



Construction Types Of Deep Cycle 
Batteries

• 1) FLOODED

• 2) GEL CELL

• 3) AGM (absorbed glass mat)



Flooded Lead-Acid Battery

• Requires a higher charge “top off” voltage and 
also needs an equalization charge about every 
30 days or so due to stratification if in 
constant use

• Filled with 65% distilled water and 35% 
sulfuric acid

• Can spill acid if tipped, use ammonia to 
neutralize



Flooded Lead-Acid Battery

• Cheaper to buy, but more maintenance issues, 
they gas while charging and need water 
replacement from time to time

• OK, but not recommended

• Self discharge is up to 15% per month

165



Gel Cell Batteries

• Very sensitive to overcharge

• Needs a lower charge “top off” voltage and in 
fact, many chargers will slightly over charge 
these batteries and they will lose capacity 
sooner than normal

• Recombination of gases during charging 
occurs at a much slower rate because of the 
highly viscous electrolyte, typical charge rate 
C/20



Gel Cell Batteries

• Charge too fast-- gas pockets will form on the 
plates and force the gel electrolyte away from 
the plate, decreasing capacity and does not 
heal

• If we are given one, ok, would not buy new
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AGM Batteries

• Absorbed Glass Mat (AGM)

• Uses fiberglass or polyester mat separators 
between the lead and lead dioxide plates

• The battery is filled to 95% of total absorption 
with electrolyte solution

• Safer, no acid spill out when tipped

• Do not need watering, they are sealed

• Self discharge is about 3% per month, plan to 
recharge every 6 months if not in use
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AGM Batteries
• Best Lead Acid battery for portable operation

• Term to know, C = Battery capacity in 
amp/hours

• AGM can be charged at a C/3 rate, more 
commonly C/10 to C/20, would recommend 
no higher than C/5, the gasses will not 
recombine if charged too fast, temperature 
could rise too high

• AGMs not subject to stratification, but are 
subject to sulfation if not fully charged after 
use



Example Of 55 Ah Deep Cycle 
Battery For Portable Operations
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Charging USB Devices

• Typical laptop USB 2.0 port provides 0.5 amps 
and USB 3.0 provides 0.9 amps at around 5 
volts

• I-pad mini likes up to 1.8 amps when 20% 
battery remaining, I-phone 6 likes 1.0 amps

• My Samsung Galaxy S3 smartphone draws 
about 0.5 amps when 50% battery remaining

• Plan to have portable USB Li-ion backup 
batteries…some have a solar panel and/or 
flashlight 172



Public Has GoTenna On MURS

• The GoTenna system uses phone app linked by 
BT to a small MURS 2.0 watt radio transmitter

• Radio + Smartphone = GPS location, digital 
messages, (Radio about $149 for two)

• Can do 1:1 private, 1 to group, and broadcast

• Range 0.5 miles congested and 4 miles open

• Also GoTenna MESH, more spendy

• Smartphones will need USB power after the 
grid goes dark
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Today’s USB Devices

• Your smartphone is now your camera…you 
can take pictures of anything you want others 
to see and then send the pic…Android phone 
will allow an Ad Hoc transfer of the pic to a 
Windows 10 laptop…resize the pic in Winlink 
Express and send email over radio
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Today’s USB Devices
• For example, a bridge has been damaged 

during an earthquake and the structural 
engineer that wants to evaluate the damage is 
20 miles away at the county EOC…you send 
the pic…engineer looks at it…instructs if they 
need additional views…county planners have 
vital situational awareness

• Your smartphone is your GPS, compass, first 
aid app, your database for most everything, 
like your address directory, frequency lists, etc
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5 Volt Inline USB meter
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5 Volt Inline USB meter

• Output 1 provides power and data, sometimes 
when hooked up to a device, power output is 
too low, just switch to output 2

• Output 2 provides power only, if you want to 
not have data flow from your phone to 
another device, use output 2

• 2 meters used with 2 ports on the West 
Mountain Radio Rigrunner 4004U, the two 
USB ports can charge 4 devices for a total 
output of 4 amps 177



Rigrunner 4004U
• Ham Radio operators are very creative

• Do not hook up the 4004U Rigrunner directly 
to a solar panel, the regulator is not designed 
for 17 volts or greater

• Always hook up to a 12 volt battery first to 
clamp the voltage

• Someone might try to use only the USB 
outputs directly connected to a nominal 12 
volt solar panel

• Can use a USB buddy directly with solar panel
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12 Volt DC Inline Meter
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12 Volt DC Inline Meter G. T. Power

180



12 Volt Inline Meter Screen Display

• Continuously displays Amps, Volts and Watts

• Sequentially displays every second the 
following in the lower left corner:

• Amp-hours (Charge) display = Ah    
(charge/discharge info) 

• Watt-hours (Energy) display = Wh

• Peak Amps (Current) display = Ap   (sizing 
battery info)
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12 Volt Inline Meter Screen Display

• Minimum Volts   display = Vm  (voltage sag, 
>11.7v?)

• Peak Watts (Power)   display = Wp  (think solar 
power)

• The above is for the Powerwerx meter, lighted 
display for night, but display harder to read in 
daylight

• Turnigy meter with >1 amp load will include 
time display of hours/minutes/seconds of 
operation 182



How Much Power Are You Using?

• “Watts Up”, easy to read outside in daylight, 
display is not lighted  

• Turnigy 180 easy to read outside in daylight, 
lighted display, available at Hobby King, you 
put on the power pole connectors, order from 
the USA West warehouse, priced cheaper than 
the Watts Up and Powerwerx

• The Turnigy is not quite as accurate per some 
reviews
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Inline DC Meter Use

• Current is measured from source to load, 
drawing current in reverse could damage the 
meter

• When you connect your radio to the battery, 
the battery is the source and the radio is the 
load, the current travels from the battery to 
the radio
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Inline DC Meter Use

• When you connect your solar panel to the 
battery, the solar panel is the source and the 
battery is the load

• Battery(source)>>>>Meter>>>>Radio(Load)

• Solar 
Panel(Source)>>>>Meter>>>>Battery(Load)

• Note which direction the current will travel
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Inline Meter…Solar Panel To Battery

• Solar panel>>>charge controller>>>meter>>>battery

• “Amp-hours” will show the charge that your battery 
has received from the solar panel

• Current in “amps” is displayed that is going to your 
battery

• The “voltage” display represents your battery voltage

• “Minimum Volts” would show the lowest drop in 
voltage your battery went to during transmit
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Yaesu FT-7900  Ah Discharge Chart

Minutes Low Mid2 Mid1 High

Tx 5m/Rx 55m 0.46 avg amps 0.52 avg amps 0.61 avg amps 0.92 avg amps

Tx 10m/Rx 50m 0.64 avg amps 0.76 avg amps 0.94 avg amps 1.56 avg amps

Tx 15m/Rx 45m 0.80 avg amps 0.99 avg amps 1.26 avg amps 2.19 avg amps

Tx 20m/Rx 40m 0.98 avg amps 1.23 avg amps 1.59 avg amps 2.83 avg amps

Tx 25m/Rx 35m 1.15 avg amps 1.46 avg amps 1.91 avg amps 3.46 avg amps

30 min Tx/Hour 1.32 avg amps 1.7Ah 2.24A avg amps 4.10 avg amps

Rx amps 0.3 amps 0.3 amps 0.3 amps 0.3 amps

Tx amps 2.36 amps 3.11 amps 4.19 amps 7.9 amps

Min Batt Size 12Ah 16Ah 21Ah 40Ah

Power setting 5 W 10 W 20 W 50 W



Duration Of Operation On A Battery
• Duration of operation depends a lot on what 

your average amperage draw on the battery is 
and on what your Ap (peak amperage) is 
during your operation

• Key the mic 10% of the time using 5 amps

• Listen 90% of the time using 0.3 amps receive

• 5a x .1 = 0.5Ah and 0.3a x .9 = 0.27Ah, (0.5Ah 
+ 0.27Ah = 0.77Ah)
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Mobile Radio Battery Usage

• So if you transmit 10% of the time and receive 90% 
of time in one hour, 0.77 average amps per hour

• This is transmitting 6 minutes every hour and 
listening 54 minutes every hour, at this rate, 10 
people per hour could be sharing information on the 
frequency and an unlimited amount of people 
listening, all would receive the information

• Represents 1 of 10 people talking on an active circuit
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Duration Of Operation On A 
Battery

• Use a 28 Ah battery, top 50% or 14Ah

• 14Ah/0.77Ah = about 18 hours of operation

• Note that this example of .77 average amps is 
less than the battery 28Ah/20hour (0.05C 
rate) of 1.4 amps constant load, see chart on 
next slide again

• Plan on a much shorter operating time with 
average amps > than the battery 0.05C rate
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12 Volt Battery Discharge 
Characteristics Chart…Voltage Sag
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Duration Of Operation On A 
Battery

• Note the battery discharge amperage used in 
the 20 hour rating calculation 

• For example,  the 100 Ah battery with a 20 
hour rating would have a constant discharge 
rate of 5 amps/hour x 20 hours

• This Ah rating was made with a constant load 
of 5 amps, if your average load amps exceeds 
this rate, your effective battery Ah will 
probably be less
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Must Have Items For Portable Solar

193

• Battery, prefer AGM…need a fuse for safety in the 
circuit, ATC style fuse holder 10GA, Powerwerx 
$14.99

• Inline power meter, cheap ones without PP 
connectors are $30 less, put on your own PP 

• Solar panel, Renogy 100 watt is great example, 
around $130-$150



Must Have Items For Portable Solar

• Charge controller, like the Morningstar SS-6-
12v to SS-20L-12V

• The “L” in the model number means it has low 
voltage disconnect

• Do not connect an inverter to the low voltage 
disconnect terminals, the amperage an 
inverter requires exceeds the amperage rating 
of the terminals
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Must Have Items For Portable Solar

• Going digital, use a tablet like the HP Stream 8 
loaded with Winlink Express, the Powerwerx 
USBbuddy 12v to 5v converter, AboveTek AUT-39C 
USB meter, Dell Venue micro-USB to USB dongle( 
This dongle allows you to do USB charging of a tablet 
and send USB data)note…the dongle charge current 
is less than a direct connection to the micro-USB port 
on the tablet

• Get the GlobalSat BU-353S4 GPS, you can use to 
send position reports and an SMS message that is 
seen on APRS.FI
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Oregon Star Party Sample Station
• Solar panel…65 watt, in full sun will provide 

about 3.6 amps

• Charge controller…Morningstar SunGuard, 
rated for 4.5 amps

• Battery…AGM 100 Ah/20 hour rating

• Yaesu FT-897 for voice and pactor 3 digital

• TNC SCS pactor modem

• Antenna…folded dipole TD-90 on Comet mast

• Laptop with 12 volt DC power converter
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Anderson PP Connectors

• Recommend a distribution block with fuses

• PP15 – 15 amp under load, 20 AWG to 16 AWG

• PP30 – 30 amp under load, 14 AWG and 12 AWG

• PP45 – 45 amp under load, 10 AWG



What A Tablet With Windows OS Can 
Do For You In The Field

• You can take several pictures at a site and use 
the picture size reduction feature on Winlink  
Express to attach your selected pic size to a 
message

• Tablets have small size with longer battery life 
and less power consumption needs when 
running off batteries

• USB powered tablets are easier to charge in 
the field
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What A Tablet With Windows OS 
Can Do For You In The Field

• You can hand an agency person the tablet 
with Winlink Express open and have them 
enter their message with a BT keyboard and 
BT mouse, then attach to your station and 
send the message via VHF/UHF Packet radio or 
HF Pactor/RP/WINMOR

• Attach a battery operated printer and print 
the message received for the IC

• Remember you can send email SMS to phone 
text messages 199



Sizing Solar Panel, Battery & Radio

• AGM Battery charging amps, you can charge 
at 1/3 the Ah rating, but I would recommend 
about 1/5 the Ah rating or less

• 100 Watt panel provides about 5.5 amps in 
full sun, this would be ideal for charging a 27.5 
Ah or greater size battery (5.5 x 5)

• 100 Watt panel should not be used to charge 
an AGM battery less than 16.5 Ah (5.5 x 3)
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Sizing Solar Panel, Battery & Radio

• Two popular batteries are the 18 Ah and 28 Ah

• Parallel the 18 Ah to get 36 Ah/5 = 7.2 amp 
load = will easily handle medium power on 
your mobile VHF/UHF radio

• Parallel the 28 Ah battery, get 56 Ah/5 = 11.2 
amps = will handle high power on your mobile 
VHF/UHF radio
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Emergency Radio Station Running 
On Solar Power With Full Sun

• Radios

• 1) Alinco DR-235 (220Mhz) receive only

• 2) Yaesu FT-7800 (440Mhz) receive only

• 3) Yaesu FT-1900 (144Mhz) receive only

• 4) Yaesu FT-857 (HF on 80 meters) transmitter

• Modems

• 2 Kantronics 9612 TNCs monitoring for signals

• 1 SCS P4 dragon provides Pactor 3 HF signal

• Total receive 1.6 amps
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Emergency Radio Station Running 
On Solar Power With Full Sun

• Battery is deep cycle AGM 55 amp/hour

• Solar array is 155 watts providing 8.5 amps 
peak in full sun

• Charge controller Sunsaver SS-20L

• Computer power not included in this test
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Emergency Radio Station Running 
On Solar Power With Full Sun

• Digital email over radio power needs test

• Sent 29.8 KB picture file attachment via HF 
radio by pactor 3

• 2 DC inline meters, “Solar array” on charge 
controller output and “Radio load” at DC 
distribution block to radios and modems input

• 1141 is the start time
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Emergency Radio Station Running 
On Solar Power With Full Sun

TIME DC INLINE 
METER

AMPS BATTERY 
VOLTAGE

PACTOR 3 BPS

1141 start Solar array 8.3 amps

1141 Radio load 7.7 peak amps 13.35 volts

1144 Solar array 8.4 amps 13.59 volts

1149 Solar array 8.4 amps 13.7 volts

1149 Radio load 7.7 peak amps 13.35 volts

1153 done 1400 BPS

1154 Solar array 4.9 amps, taper 14.03 volts
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Emergency Station With 55 Ah 
Battery Only, No Solar, Pactor 3

TIME STATION LOAD BATTERY 
VOLTAGE

PACTOR 3 BPS COMMENTS

1217 PM start Email start

1219 PM 7.5 amps 12.14 volts 1400

1221 PM 7.7 amps 12.14 volts

1222 PM 7.8 amps 12.14 volts 2800

1223 PM 7.7 amps 12.13 volts 1400

1224 PM 7.7 amps 12.13 volts 2800

1225 PM done 7.4 amps 12.13 volts 2800 30KB pic sent

1226 PM 1.7 amps 12.55 volts Battery Rx volts 

1227 PM 1.7 amps 12.55 volts

1228 PM 1.7 amps 12.55 volts Power 21.3W
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