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Solar Powered HF Amateur Station
by Lew Thompson, W5IFQ 13 APR 2018
[Lew presented this to TCARES and offered to share this in the newsletter. Thanks, Lew! -Ed.]

Solar panels require no fuel other than sunlight. They produce no emissions, no fumes and
have no rotating parts. Other than an occasional wipe down to remove dust, they are virtually
maintenance-free.

Solar panels are used with batteries to store electrical energy produced during the day for use
at night or when the sun is shaded by clouds. This combination of solar panels and batteries
allows 24-hour operation with only occasional help from a generator when solar conditions
are less than optimal.

(continued on page 4)
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Sun 7:00 p.m. Travis ARES net 147.36 MHz + (131.8)
Sun 8:00 p.m. Travis ARES Packet (in UNPROTO) 145.73 MHz ARTICLES
Sun 8:00 p.m. Williamson ARES net 146.64 MHz - (162.2) .
Sun  9:00 p.m. ARO Swapnet 146.94 MHz - (107.2) E'ling |En):°2m Results
Sun (After Swapnet) Newsline ??7??? * 146.94 MHz - (107.2) .
Mon.  7:30 p.m. STX ARES Net 3.873 MHz Cover Article (cont.)
Tues. 7:30 p.m. Hays ARES net 147.100 MHz + President’s Corner
Tues. 8:00 p.m. Bastrop ARES Net 443.750 MHz + (114.8) Over the WWWaves
Wed 11:30 a.m. Ham Social Luncheon, Jim’'s 146.94 MHz - (107.2) In The News
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Daily  6:30 p.m. Central Texas Traffic Net 147.14 MHz+
* Need confirmation. | haven’t heard this in a long time! Will be removed next month.
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Ham Radio Exams Results

The following are the results of the ARRL VE Test Session (1 of 2) held on August 4th at the ARRL Texas State Conven-
tion in the Waterloo Room of the Crowne Plaza - Austin Hotel:

Technician Class Licenses Processed
Jason P. Chiappardi KISBEI Reed W. Daughtry KISBEO Marek Jastrzebski KISBEQ Larry D. Martin KISBEP
Joel A. Parker KI5BEJ Jeff A. Stewart KISBEM Evan C. Weis KISBEL

General Class Licenses Processed
John F. Herrmann KISBEK Billy E. Stewart KISBEN

Examiners Participating in this Test Session
Dave Anderton AE5XY Gene Hinkle K5PA Mark Hunt K5NM Jim Lindley K5EWS
Jim Matthews KG5QFD Donald Sitze AF6VA Roy Walker WA5YZD

The following are the results of the ARRL VE Test Session (2 of 2) held on August 4th at the ARRL Texas State Conven-
tion in the Austin Room of the Crowne Plaza - Austin Hotel:

General Class Licenses Processed

Brett L. Bachman KG5ZSK Venkata Siva Santosh Ganji KISAVL Christian B. Lutton KC5QQM
Dirk D. Metcalf KG5NFA Michael D. Metcalf KG50VB David W. Peters KISBET
Debra S. Peters KISBES Donald B. Udel KISAIU

Extra Class Licenses Processed
Diane M. Lowery - Binnie KASDLB  Norman P. Steinbach WB5SUR

Examiners Participating in this Test Session
Joe Bryan K5BRY Russ Cook KK5E Tony Davee KM5JH Mark Esslinger W5MAE
Larry Gunter WB5BEK Ted Iglehart KF5SEND  Tanner Jones W9TWJ  Joe Makeever W5HS

Next ARRL VE Test Sessions
September 8th - Bethany United Methodist Church, Disciple Bldg. Room 203/204
October 13th - Bethany United Methodist Church, Disciple Bldg. Room 203/204

TNX ES 73 DE W5HS
Joe

8-18-18
The South Austin W5YI VE team heartily congratulates the following people who earned new or upgraded amateur
radio licenses at our Auguest 18th session:

General Class
Juan Pablo Pacheco, KG5ZZB  Nicholas Olmstead (NEW) David Young (NEW) Gene Wiggins, K5PFM
Technician Class (NEW)

Josh Delong Scott Byram Aaron Altounian Sohail Bhamani
Ryan Reznick Sean Moore Julie Engleking Alexander Katrompas
Charles Jennings Aaron Feen

Our administering volunteer examiners were:
Craig Bean, AC5KW Gary Popp, AE5JR Stuart Wolfe, K5NIX
Sam Mihalik, KM5MY Wally Marusa, KSWLY

Our next two amateur radio exam sessions will start at 2 PM on September 15th & October 20th in Fleck Hall,
room 118 on the campus of St. Edward’s University. All sessions are walk-in and the exam fee is $14.

For additional information regarding our amateur radio examination sessions, please contact
Craig, AC5KW at (512) 474-6443 or by e-mail to craigmb5 @ gmail.com
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Austin Amateur Radio Club, Inc., PO BOX 4739, AUSTIN TX 78765-4739 / Web site: http://www.austinhams.org

AARC Officers

President Ruben Fuentes WBSWTF president @austinhams.org
Vice President Lew Thompson WSIFQ vice-president @austinhams.org
Treasurer Mark Jenkins W5MPJ treasurer @austinhams.org
Secretary Carston Buehler KG5PAL secretary @ austinhams.org
Editor, AARCOVER, website ~ Michael Skurka K5MSK editor @ austinhams.org
Technical (Repeater Contact) Roy Walker WASYZD wabyzd @ arrl.net

ARRL Travis Co. Emer. Coord. Kerby Spruiell KG5DLD ec @austinhams.org

TC ARES PIO Ruben Fuentes WBSWTF pio e austinhams.org

Please contact a club officer, attend a meeting, or mail us to join the organization.

Sorry... Online membership registration is temporarily unavailable.

The Austin Amateur Radio Club, Inc. (AARC) has annual membership dues of $20.00 per person or $30.00 per
family. AARC maintains the following repeaters:

FREQUENCY USE

146.780/ -600kH 2m D-STAR Repeater [W5KA C]
146.880 107.2 PL Tone  Analog/Digital Fusion

146.940 107.2 PL Tone  Most popular, TCARES WXnet, Swapnet

224.800

444100

444.200 107.2 PL Tone

440.650 +5 70cm D-STAR Repeater [W5KA B]

1293.100/-20 23cm D-STAR Repeater[W5KA A]

1248.200 23cm D-STAR DD (data, simp./reversible) [W5KA A]

Persons using the repeaters are asked to join the club to help support these valuable resources.
Note: No AARC repeater has autopatch capability any longer.

The Austin Amateur Radio Club offers annual scholarships to licensees living
in Travis, Williamson, Bastrop, Hays, Blanco, Caldwell, and Burnet counties.
Please see http://austinhams.org/scholarships for more information.

AARCOVER Information: 1SSN 1067-0262, CODEN AAOVE3. ©Austin Amateur Radio Club, Inc.
Published monthly by the Austin Amateur Radio Club, Inc.

Viewpoints expressed in the AARCOVER do not necessarily reflect those of the club, or of its members,
directors, or officers. Material quoted from the ARRL Letter is supplied by the American Radio Relay
League, Inc.

Members and other readers are encouraged to submit material for publication. Contact the Editor, if mailed
submissions are required. Email and/or electronic files are encouraged! Submissions may be edited for publi-
cation (for content and/or space). Deadline is generally the 25th of each month, but late articles may be con-
sidered for future publication. Material may be used in a later issue. Unless otherwise noted, permission is
granted to reprint AARCOVER articles, provided you credit the original author and the AARCOVER. If ma-
terial is included in another publication, a courtesy copy to the Editor is appreciated.

AARC Members:
For Changes in your ADDRESS, PHONE NUMBER or CALL SIGN
Contact: Mark Jenkins, W5MPJ / treasurer @ austinhams.org

AARC Mark handles all changes for membership information.
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(continued from page 1)

SOLAR POWER COMPONENTS

The selection of solar power components to provide 100% of the required power to sustain an Amateur/MARS station requires
careful design. The steps in the design include the following:

1. Calculation of the total required solar power based on station power requirements including operating time per day.

2. Evaluation of the average daily insolation.

3. Selection of the Solar Panels.

4. Selection of the solar charge controller.

5. Selection of storage batteries.

Available Solar Power

The most productive hours of sunshine for solar electric generation are from 9 AM to 3 PM. The morning and later afternoon
sun is less intense and the angle of the sun is not optimum for the solar panels. The average sun hours varies with geo-
graphic location as shown in Figure 1. The zone definitions are shown in Table 1.

Figure I- Solar Insolation Map

Table 1: Zone Definitions for Figure 1

Zone 1 6 hours
Zone 2 5.5 hours
Zone 3 5 hours

Zone 4 4.5 hours
Zone 5 4.2 hours
Zone 6 3.5 hours

A web calculator for solar insolation by city can be found at:
http://www.wholesalesolar.com/Information-SolarFolder/SunHoursUSMap.html

For central Texas, the average solar insolation is 5 hours per day or 5000 watts/m2 per day. For maximum efficiency, the
solar array must be located such that no shade will fall on it during its maximum insolation period. Further, the elevation and
azimuth must be adjusted to maximize solar ray angle. The solar array should be pointed due south (true) and tilted from
horizontal as follows:

Winter — Latitude x .89 + 24°
Spring/Fall — Latitude x .92 - 2.32
Summer — Latitude x .92 - 24.32

An active azimuth/elevation sun tracker would provide the best solution. There are claims that an active azimuth/elevation sun
tracker could increase the power output per year by as much as 70% in south Texas.

(continued on next page)
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(continued from previous page)

Solar Panel Selection

Types of Solar Cells

Monocrystalline Cell — This cell was the most popular and has been produced for the longest period of time. It consists of a
single grown silicon crystal that is sliced into thin wafers, processed chemically, and finally covered with electrodes to collect
the electric charge. They are typically blue or black and have shiny appearance. Typical efficiencies are of 18% - 22%.
Polycrystalline or Multicrystalline Cell — This cell type is now the most popular. It is made by slicing wafers from cast square
silicon ingots. This cheaper grade of silicon results in a cell with less efficiency but cheaper in cost. These cells appear frosted.
Typical efficiencies are 12% - 16%.

Amorphous or Thin-Film Cell — These cells are usually created by applying doped silicon or other photo-voltaic material to the
back of a plate of glass or a flexible insulator. Efficiencies of 6% to 10% are commercially available.

Solar Panel Design

Solar cells are connected in parallel to increase current, and in series to increase the voltage output. When cells are connected
together they form solar panels. Solar panels can then be connected together to form solar arrays. Arrays can be connected in
series or parallel to increase current or voltage output.

A single silicon solar cell, regardless of the type, produces about 0.5 VDC. A 12 volt solar panel consists of 36 cells and pro-
duces 18 VDC output. The amount of current produced by a specific type of solar cell is a function of its active surface area, effi-
ciency and the intensity of the solar radiation or insolation. Standard Test Condition (STC) insolation is 1000 W/m2 at 25 °C.
Solar Panels will have a maximum power output that is the product of its output voltage and current at STC. Drawing more
current from a solar panel than its maximum rated current will produce a rapid drop in output voltage. This point is referred to
as the "voltage knee" as seen in Figure 2, at about 0.55 volts. Also note the variance in the voltage knee with temperature. As

the cell temperature drops, its output voltage increases. You will get more output on a cold winter day than in the summer
time!
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Figure 2: Solar Cell I-V Curve

(continued on next page)
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(continued from previous page)

Typical solar panel specifications:

Cell Type - Monocrystalline or polycrystalline silicon.

Pmax - Maximum power output at STC.

Vmp - Voltage output at maximum power. This voltage, sometimes referred to as Vpp. is usually between 17 and 18 VDC
for a 12-volt panel.

Voc - Voltage output at open circuit. This is the no-load output voltage and should be about 21 VDC for a 12-volt panel.

Imp - Current output at maximum power.

Isc - Short circuit current.

STC - Standard Test Conditions — Insolation at 1000 W/m2 at 25 °C

Maximum Efficiency - The efficiency should conform to the cell type previously discussed.

Maximum System Voltage - The capability of the panel to be series connected into larger arrays.

Number of cells - Number of cells connected in series to form an array. This number is 36 for a nominal 12 volt system or 72
for a nominal 24-volt system

Shading
If solar panels are wired in parallel, shading a part of an array will just reduce the power output. When solar panels are con-

nected in series to produce higher voltage output, all the panels must carry the same current. If a panel in this series configu-
ration stops producing current, the array will become reverse biased and dissipates power as heat. This heat can quickly de-
stroy part or all of an expensive solar panel. The reverse bias situation can be prevented by using bypass diodes across each
panel. The bypass diode (rated for the array’s maximum output current) will carry the current around a module that is not con-
tributing current.

Wind Load
Solar Panels can present a significant wind load so careful design of their mechanical support structure is required.

Solar Charge Controller

The Key Features of a Solar Charge Controller include:

¢ Multistage charging of battery bank — The controller must vary the amount of power sent to the batteries based on its
charge level. This will prevent battery damage due to over or under charging.

¢ Reverse current protection — The controller must stop the solar panels from draining the batteries at night when there is no
power coming from the solar panels.

¢ Low voltage disconnect — The controller should turn off the attached load when the battery is low and turns it back on when
the battery is charged back up.

# High efficiency — the controller should maximize power transfer between solar array and battery.

+ Display- the controller should show the voltage of battery bank, state of charge, amps coming in from solar panel.

Available Types of Controllers:

PWM (Pulse Width Modulation) solar charge controller - This type operates by making a connection directly from the solar array
to the battery bank. During bulk charging. when there is a continuous connection from the array to the battery bank, the array
output voltage is ‘pulled down’ to the battery voltage. As the battery charges, the voltage of the battery rises, so the voltage
output of the solar panel rises as well, using more of the solar power as it charges. As a result, the nominal voltage of the
solar array must match the voltage of the battery bank. The actual voltage of a 12V solar panel, when connected to a load, is
close to 18 Vmp (Volts at maximum power). This is because a higher voltage source is required to charge a battery.

MPPT (Maximum Power Point Tracking) solar charge controller - This type will measure the Vmp voltage of the panel, and down
-converts the PV voltage to the battery voltage. Because power into the charge controller equals power out of the charge con-
troller, when the voltage is dropped to match the battery bank, the current is raised, maximizing the available power from the
panel. A higher voltage, more readily available, solar array can be used to charge a low voltage battery bank. For example,
using a 20V solar panel, a 12V battery bank can be charged. Using two panels in series will charge up to a 24V battery bank,
and three in series can charge up to a 48V battery bank. This opens up wider range of solar panels that now can be used for a
large off-grid solar system.

(continued on next page)
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(continued from previous page)

Storage Batteries
Batteries do not store electrical energy. They use chemical processes to produce electricity. These chemical processes are

either Primary (one-shot), or Rechargeable. Further, these chemical processes are temperature, discharge current and cycle
count dependent.

Rechargeable batteries include Nickel Cadmium (NiCd), Nickel Metal Hydride (NiMH), Lithium-lon (Li-lon) and Lead-Acid. The
energy density of these batteries and that of several liquid fuels is shown below:

¢ Diesel fuel - 12,700 Wh/Kg
¢ Gasoline - 12,200 Wh/Kg
¢ Li-lon - 150 Wh/Kg
¢ NiMH - 100 Wh/Kg
¢ NiCd - 60 Wh/Kg
¢ Lead-Acid - 25 Wh/Kg

The Li-lon, NiMH and NiCd batteries are typically too expensive for large amp-hour storage requirements, so this paper will
discuss only the Lead-Acid battery. After seeing the difference in energy density between liquid fuels and batteries, it is pretty
obvious why generators are such an effective electrical energy source!

Lead-Acid Batteries:
Lead-Acid batteries can be divided into two categories by discharge type as follows:
1. SLI (Starter, Lighting and Ignition) — This type of battery has high momentary current capability, but low continuous
current and is limited to 20% of capacity discharge without permanent damage.
2. Deep Cycle — This battery is able to withstand discharges to 50% (SLA) or 807% (flooded cell) of capacity but typically
cannot deliver engine “cranking” current. The newer SLA batteries are modifying this last characteristic.
Lead-Acid batteries are further divided by construction type as follows:
1.  Flooded-cell - The plates of the battery are submerged in the liquid electrolyte.
2. Sealed Lead-Acid (SLA) Batteries:
a. Gel-cell - A sealed lead-acid battery with a gelled electrolyte.
b. Absorbed Glass Mat (AGM) — A sealed lead-acid battery with the electrolyte suspended in an absorbent glass mat
next to the plates.

Specifications:
Cold Cranking Amps — The number of amperes the battery can deliver at 02F for 30 seconds and maintain a terminal voltage

of 1.2 Volts per cell or 7.2 Volts for a 12 Volt battery. This is obviously an important specification for a SLI battery.

Reserve Capacity — The amount of time a battery at 80%F can deliver 25 Amperes

until the terminal voltage reaches 1.75 Volts per cell or 10.5 Volts for a 12 Volt battery.

Ampere Hours (C) — The storage capacity of a battery when discharged at its 20 hour rate until a terminal voltage of 10.5 volts
is reached under load. Note that this capacity is a function of actual load current and temperature. The 20 hour rate is the
specified ampere hour rating of the battery divided by twenty. For example, a 100 AH battery can deliver 5 amperes for 20
hours at 779F. A battery will have less capacity at higher discharge currents and lower temperatures and more capacity at
lower discharge rates and higher temperatures.

Charging Lead-Acid Batteries:

Lead-Acid batteries can be quickly destroyed by overcharging or neglecting to promptly fully recharge after a deep discharge.

Overcharging: The SLA and Gel-cell batteries have very limited capacity to withstand an overcharge. During overcharging, the

water portion of the electrolyte is converted (electrolyzed) to hydrogen and oxygen and vented out of the battery. Since the

trapped water cannot be replaced, as in a flooded cell battery, it is lost. Special design in the SLA battery allow a limited con-
version of the electrolyzed hydrogen and oxygen back to water, but this process has limited capacity.

Undercharging: A lack of a complete recharge will allow the naturally formed sulfate crystals to harden on the lead plates,

effectively killing that part of the battery.

Charging procedure:

1. Initially charge at a current equal to less than C/10 unless the manufacturer recommends a higher initial rate. If the bat-
tery is fully discharged, the required recharging AH’s will be about 12% more than the battery capacity. For example,
charge a 100 AH battery at 10 amps for 12 hours, i.e. 120 AH, or until the charge current drops to about 1 ampere.

2. Float the battery with a charge voltage of 13.2 to 13.65 Volts for at least 12 hours.

Best charging procedure is to use a multi-rate charger that will accomplish the process automatically. Most dual-rate chargers
can provide a continuous float charge on the battery after charging is complete. Multi-rate chargers typically starts out con-
stant-current and then switches to constant-voltage and then finally to a constant voltage float mode.

(continued on next page)
AARCOVER : 09-2018 Page 7



(continued from previous page)

Discharging Lead-Acid Batteries

A 12 Volt Lead-Acid battery will have an output voltage that starts at 12.6 volts and drops as it discharges to 10.6 volts when
fully discharged at the C/20 rate. To prevent damaged to a SLA battery, it should be discharged only to 50% of its capacity or
to an approximate terminal voltage of 12 volts under load at the C/20 rate. For example the Power Sonic 100 AH battery will
indicate its 50% capacity after 10 hours of discharge at a current of 5 amperes and will have a terminal voltage of 12.0 Volts.
Note that this voltage is only true at a temperature of 682 F with a C/20 load. The best way to care for a battery is to be
aware of the discharge current and total time so as to not exceed the recommended 50% AH discharge. Then promptly re-
charge the battery fully and maintain it on a float charge.

Battery Booster
A typical amateur radio transceiver is designed to supply full RF transmit power with a DC supply voltage of 13.8 VDC. At 12

Volts, the output power will be approximately 87 watts. The actual output may be even lower due to voltage drops in the bat-
tery system wiring. Several manufacturers have developed switch regulators, called power boosters, that takes the variable
battery voltage and boosts it to a constant 13.8 volts. These boosters can supply from 25 Amperes (MFJ-4416B) to as much as
40 amperes (N8XJK Super Booster) from a DC sources as low as 9 Volts. They can be set to turn off at an adjustable input
voltage to prevent excessive discharge and have a RF detector feature that only boosts the voltage during transmit. Further
both of these product lines claim 90% conversion efficiency.

Battery Safety
No matter what kind of battery you are using they can be dangerous. All contain toxic materials and stored energy. Lead-Acid

batteries demand the most respect. They are heavy, contain acid and can deliver very high currents that can start fires and
produce serious burns. The old practice of removing your wedding ring when working around lead acid batteries is still a good
rule. Documented stories tell of battery workers losing their ring finger when they accidentally got their wedding band across
a Lead-Acid battery terminal pair.

A large fuse should be placed in the main current feed cable near the battery pack. The sports boating industry and
Powerwerx, https://powerwerx.com/fuses-circuit-protection, have a nice selection of both high-current, DC, fuses and circuit
breakers. Two examples can be seen in figure 3.

Circuit Breaker — Cooper/Bussmann — Series 285 Specifications:
¢ Amperage: 25A—150A (in 10 amp increments)
#Voltage: 240V AC, 65V DC
¢ Mounting: Surface
¢ Circuit Breaker Type: Thermally responsive Bi-metal blade
¢ Terminal Studs: M6 (accepts Y4" ring terminals)
¢ Approvals: CE, SAE J1171, IP67
Figure 3: DC Fuse and Circuit Breakers

All Lead-Acid batteries give off some gas during charging and have the potential to produce large quantities of both hydrogen
and oxygen, so all charging should be done in a ventilated space away from open flames.

Instrumentation

To sustain solar power operation, the energy in and out of the battery pack must be carefully measured and tracked to prevent
eventually exhaustion of the battery pack. Fortunately, most solar charge controllers have displays or digital data streaming to
monitor energy (voltage and current) in and out of the battery pack.

(continued on next page)
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DESIGN EXAMPLE

A good way to illustrate the utilization of solar power for an Amateur/MARS HF station is to work through a design example.
The jump kit station, used for this design example, is a typical, high performance, 100 watt digital station. It will be shown that
even this type of station can be sustained on solar power with proper design and careful utilization of available solar power.
QRP equipment like the Yaesu FT-817, with a LDG-Z11Proll latching-relay auto-tuner and a tablet computer can significantly
reduce station power consumption.

Design Goals
1. Sustainable operation of personal “jump kit” using only solar power and storage batteries.
2. Operate all modes (MIL-STD, Pactor, MT-63, SSB voice, VHF FM).
3. Operating time per day of 10 hours.
4. Occasional linear amplifier operation when propagation conditions are poor.
5. Occasional operation of a IKW 60 Hz AC sinewave inverter for TV and other critical appliances.

A detailed block diagram of the “jump kit” can be found in Appendix A, Figure 4. The solar power system block diagram for
the Epic PWRgate option is shown in Appendix B, Figure 5. Note that an Anderson power pole jumper pair, mounted on the
back panel of the jump kit, is used to connect the AC power supply and rig to the solar power battery system. When the jump
kit is operated on AC power, a short jumper pair is installed in this connector pair. The Epic PWRGate is used to automatically
select the battery charging source (solar panels or AC power supply). An alternate, cheaper, charge controller design, using
the Renogy Rover 20A, is shown in Figure 6. This design does not have the automatic selection of the charging source.

Required Solar Power

The storage batteries provide the intermittent peak transmit current as well as sustaining operation when solar insolation is
not available. Since the solar array can only supply power during the maximum insolation period, it must supply full opera-
tional power plus charge the batteries for night-time operation.

Personal Jump Kit power requirements:
Jump Kit (IC-7100, DR-7400, Signalink, four port USB Gearhead Hub) — 1.06 A receive mode
SG-235 auto-tuner — 0.65 A
Laptop (Panasonic CF-53) with Link CF-LNDDC 120 FA switching supply — 0.94 A
Receive power (total of above) — 2.65 A or 34.87 watts

Transmit (MS-DMT) — 1N.7A

Transmit (MT-63) — 10.4 A
Transmit (Pactor — PSK) — 125 A
Transmit (Pactor — FSK) — 15.6 A
Transmit (CW tune) — 16.11A

Assuming a 10% transmit duty cycle in MS-DMT, the average power requirement is 44.7 watts (3.55 amperes at 12.6 volts DC).
In 10 hours, a total of 35.5 AH or 447.3 Watt-Hours of energy will be consumed. The solar panel must supply this amount of
total power (447.3 watts) in the available 5 hours (zone 3) of insolation or 89.46 watts per hour. Part of the energy will direct-
ly power the radio station and the remainder will be used to charge the battery pack for night-time operation. To achieve break
-even operating, the operating hours have to be adjusted for available insolation. Tracking the sun by manually moving solar
panels during the day can significantly increase available insolation time.

Selection of Solar Panel(s)
For this design, two of the panels shown in Appendix 3, figure 7, were purchased and connected in parallel or series depend-
ing on the MPPT controller under test. This resulted in output currents from 9 A to12 A. Test results for the two controllers
are detailed below:
1. The Epic PWRgate controller typically provided charging currents of 9-10 A, resulting in power delivered to battery
pack of 117 watts. Voltage drop in the 50 ft. #10 AWG solar array cable at 10A was 1V. Solar panel output was 18.9
VDC so the MPPT controller coould compensate for this 1 volt drop and still delivery maximum available current to the
batteries with only a small reduction in efficiency. Measured efficiency at the controller, input to output, was 977%.
2. The Renogy Rover 20A controller typically provided charging currents of 12 A, resulting in power delivered to the bat-
teries of 164 watts. Since the two panels were connected in series the voltage drop in the cable was 0.5 V. Solar panel
output was 31.6V at 5.2A. Measured efficiency at the controller, input to output, was 97%.

(continued on next page)
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(continued from previous page)

Selection of Charge Controller

The West Mountain Radio Epic PWRgate, shown in Appendix 4, figure 8, was selected for initial testing due to its ability to inter-
face with the jump kit. Its maximum capacity matches the maximum output current (10 A) of the selected solar panels connect-
ed in parallel, and had automatic selection of charge source. Also its maximum output current of 40A exceeds the station pow-
er requirement not including the linear amplifier.

The Renogy Rover 20A, shown in Appendix 4, figure 9, was also tested. This controller has a higher solar panel voltage and
current rating and delivered 20% more charging current to the battery pack. The higher solar panel voltage of 100V allowed
series connection of the solar panels, reducing losses in the power cable. Its only disadvantage is the absence of the
“PWRgate” feature of charging from either the solar panels or an AC power supply.

Battery Storage Requirement

The storage battery pack for the above example are required to deliver an average of 3.55 A at 12.6 volts for 5 hours since the
solar panel array will cover the remaining 5 hours. Storage battery requirements are therefore only 17.75 AH. Assuming a 507%
discharge, the battery will need a total capacity of 35.5 AH at 12.6 VDC. This is easily realized with a single, 90 AH deep-cycle
lead-acid battery as shown in Appendix 5, figure 10. To compensate for a significant number low-insolation days, three of these
90 AH batteries were connected in parallel, extend the battery only operation (10 hours per day) to 7.5 days. Power saving
measured would have to be implemented to allow re-charge of the battery pack after this significant discharge period. The
flooded cell, Lead-Acid battery type was selected to allow inspection and maintenance of the electrolyte level. Note that the
flooded cell batteries are used in recreational vehicles and many of today’s trucks (Ford F-250 for example).

Instrumentation

The West Mountain Radio PWRcheck, shown in Appendix 6, figure 11, was used to monitor the jump kit a energy into and out of
the battery pack during testing of the Epic PWRgate option. The high discharge path, used for the linear amplifier and 1KW AC
inverter, used the Powerwerx Watt Meter and Power Analyzer, shown in Appendix 6, figure 12. The PWRcheck consumes only
0.06 A and the Powerwerx meter is not turned on except during high discharge operations, so its consumption is insignificant.
The West Mountain Radio, RigRunner 4007U, shown in Appendix 6, figure 13, provided fused power distribution to all Jump Kit
components, display of load current and voltage, and automatic load disconnect for over or under voltage conditions.

The PWRcheck meter is not needed for the Renogy Rover 20A option since the Rover displays both solar panel and battery
charging parameters. The display of the RigRunner 4007U is needed to monitor load current and voltage since the LOAD output
of the Rover is not available due to a factory design overload flaw.

DC Power Connectors
Appendix 7, figure 14, shows the high power DC connectors and wire used in this project. Figure 15 shows the MC-4 solar panel
connectors. Note the O-rings and packing glans on these connectors to make them weather resistant.

Results

It was decided to operate the station in receive-only mode for 12.8 hours per day to simulate the 10 hour, 10% transmit duty
cycle load and to carefully monitor battery voltage. Sun tracking increased the available insolation by 60%, resulting in a calcu-
lated maximum receive operating time per day of 20.5 hours. Single battery operation confirmed that it might be possible to
operate 24 hours per day in this receive only mode due to the ability of the solar panels and both controllers to exceed the
required power delivery.

The following test result were obtained:

e Operated complete station in receive mode, without the linear amplifier, 24 hours per day for seven days on solar power
using the Epic PWRgate controller. The Renogy Rover 20A was used for an additional two days during a proof of hardware
test.

e By tracking the sun, a 607% (8 hours versus 5 hours) increase in total solar power was realized per day. The panels were
repositioned every two hours to point at the sun. The panel’s sun shadow was used to adjust the tilt angle.

o Battery voltage was never lower than 12.4 VDC and the battery pack was fully charged at the end of the 7th day.

One 90 AH battery was used for 1 of the 7 days of testing during the Epic PWRgate controller test period.
Successfully operated the linear amp achieving 400 watts CW.

Successfully operated 1KW AC sinewave inverter.

Details of each controller’s performance are shown on the next page.

(continued on next page)
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— Renogy Rover 20A results:
* Produced 20% more charging current than Epic PWRgate.
* Load current must be drawn directly from battery due to a factory overload design flaw.
* An external smart battery charger must be provided for AC power charging of battery pack unless only solar power
will be used for charging.
* A convenient LCD display allowed monitoring of solar panel and battery charging parameters.
* An external load power meter (RigRunner 4007U) must be included to allow monitoring of load power.
* Smart charging of the battery pack was observed that included Bulk, Boost, and Float charging modes.
— Epic PWRgate results:
* Required solar panel input to be cycled daily to prevent suspension of solar charging after 25 hours. This can be cor-
rected in controller software.
* Smart charging of the battery pack was observed for both solar and AC power supply charging.
* An external battery charging meter (PWRcheck) is needed to monitor battery charge/discharge state. The LED lights do
not provide sufficient information.
— Neither charge controller produced detectable switch noise at HF frequencies with the Jump kit next to battery pack.

* Recommend the use of a Battery Tender to maintain battery pack chemistry when the battery pack is not being charged by
other means.

Construction Details
See Appendix 8.

Cost and Detailed Parts List

Appendix 9 provides a detailed cost breakdown for both the high current and low current versions using both the Epic PWRgate
and Renogy Controllers. The low current option does not have the 75A wiring, 100A circuit breaker or Powerwerx wattmeter. To
further reduce costs, the number of battery can be reduced from three to one, saving $200, but reducing the station ability to
weather cloudy days.

APPENDICES

APPENDIX 1 - JUMP KIT
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Figure 4: Jump Kit Block Diagram

(continued on next page)
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APPENDIX 2 - SOLAR POWER BLOCK DIAGRAMS

#10 AWG ll

50 ft.

#12 AWG

Jump Kit
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#12 AWG PWRcheck
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30A
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100A
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Figure 5: Solar Power Supply - Epic PWRgate Controller

0.75A
Jump Kit DC Supply

(continued on next page)
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#12 AWG

Jump Kit
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Do not connect battery

Bat Charger to Rover e
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Or 3 O € C
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Figure 6: Solar Power Supply - Renogy Rover 20A Controller

(continued on next page)
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APPENDIX 3 - SOLAR PANELS

AARCOVER : 09-2018

Address: 2775 E. Philadelphia St,,

RENOGY Tet: 800-330.8678 !

]
M 7o oToe or crean taeney Fax; 888-543-1164
Web: www.renogy.com

Module Type: RNG-100D

Max Power at STC (P,,,,) 100 W
Open-Circuit Voltage (V) 225V
Optimum Operating Voltage V) 189V
Optimum Operating Current (U] S.29A
Short-Circuit Current (1) S.75 A
Temp Coefficient of P_,, -0.44%/°C
Temp Coefficient of V, -0.30%/°C
Temp Coefficient of I, 0.04%/°C
Max System Voltage 600VDC (UL)
Max Series Fuse Rating 1SA
Fire Rating Class C
Weight 7.5kgs / 16.5lbs
Dimensions 1202x541x35mm / 47.3x21.3x1.4in
STC Irradiance 1000 W/m?, T = 25°C, AM=1.5

WARNING: This module produces electricity when exposed to light.
Please follow all applicable electrical safety precautions.

Only qualified personnel should install or perform maintenance work
on these modules,

Beware of dangerously high DC voltageswhen connecting modules.
Do not damage or scratch the rear surface of the module.

Follow your battery facturer's r d

Figure 7: Renogy 100W Solar Panel

(continued on next page)
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APPENDIX 4 - SOLAR CHARGE CONTROLLERS

o RADIOGY

Epic PWRgate

SOLAR PANEL

2
I |

BATTERY OUT POWER SUPPLY

Figure 8: Epic PWRgate Charge Controller

Features of the Epic PWRgate Controller

L ZER 2R R ZEE JEE JER JER 2R 2R R 2

* & & o o

*

Epic PWRgate is a 12 volt backup power system rated at 40 amperes continuous from either a Power Supply or a Battery.
Connected equipment will instantly switch to battery during a power blackout or power supply failure.

Low loss PWRgate provides forward voltage drop of only 0.05 volts.

USB port access to monitor system or to change charge parameters.

Program for specific battery types.

Supports smart charging of either Lead Acid or Li-lon battery charging up to 10A.

Optional direct solar panel input for MPPT battery charging (all chemistries). Solar panel VOC must be €= 30V.

Maximum Power Point Transfer (MPPT) charging provides the maximum power out of a solar panel.

Can be programmed for vehicle use to suspend charging when the alternator is off.

Complete LED status indicators.

Battery charge suspend button to eliminate current draw or charger noise for 30 minutes. Possible RFI may be emitted from
MPPT charge controller.

Optional temperature probe to control charging based on battery temperature.

Solid, durable construction in an aluminum case. Includes mounting holes for convenient and secure use in mobile units.
Uses Anderson Powerpole® connectors.

Cost - $179.95

Source — West Mountain Radio

Setting for Epic PWRgate controller:
o Set Jumpers to PB and 10 A. Cycle solar panel input power each morning to reset default maximum charge time.
O See page 24 for the procedure to defeat this default maximum charge time.

(continued on next page)
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ReVER

20A MPPT CHARGE CONTROLLER

Figure 9: Renogy Rover 20A Charge Controller

Features of Renogy Rover 20A MPPT Charge Controller:
Automatically detects 12V/24V DC system voltages
High tacking efficiency of 99%

Peak Conversion efficiency of 98%

4-stage charging with MPPT output

Extensive electronic protections

Diverse load control

LCD screen with programmable charging parameters
Charging data with storage of up to 1 year

Die-cast aluminum design for heat dissipation

Specifications
Nominal system voltage: 12V/24V Auto Recognition
Rated Battery Current: 20A
Rated Load Current: 20A Max.
PV Input Short Current: 25A Max.
Battery Voltage: 32V
Max. Solar Input Voltage: 100 VDC
Discharge circuit voltage drop := 0.15V
Mounting Oval: 0.30 x 0.18in
Net Weight: 3.08 Lb.
Overall Dimension: 8.27 x 5.94 x 2.34in
Cost - $123.98 (Amazon)

(continued on next page)
AARCOVER : 09-2018 Page 16



(continued from previous page)

Operational Use:

¢ This Charge Controller does not support battery charging from the jump kit power supply.

¢ An external “smart” battery charger must be connected to the battery pack for AC power charging. Warning — the charge
controller must be disconnected from the battery pack during AC charging. Use Anderson power pole pairs on the control-
ler and battery charger, swapping connections. See Appendix 2, figure 6 , Renogy Rover 20A block diagram.

¢ The two solar panels can be connected in series, reducing the solar panel cable loss.

# This controller has a LCD display that shows solar panel and battery charging parameters. If this controller is used, the
PWRCheck meter is not needed.

¢ The Rover 20A LOAD output could not be used due to a overload fault caused by the momentary charging of capacitors in
the jump kit radio. The “factory” had no solution to this issue. Solar charging worked correctly, but DC power for jump kit
operation had to come directly from the battery as shown in Appendix 2, figure 6. Use the Rigrunner 4007U display for load
voltage and current.

¢ During testing, the Renogy Rover 20A controller provided about 20% more charging current (12A versus 10 A) than the Epic
PWRgate controller. The Renogy Rover 20A can provide up to 20A of charging current versus the 10A maximum for the
Epic PWRgate. Further, the Rover has a maximum solar panel input voltage of 100V, allowing up to three of the selected
solar panels to be connected in series.

APPENDIX 5 - STORAGE BATTERIES

DURACEL|

Figure 10: Lead-Acid, Flooded, Storage Battery

ltem Number: SLI27MDC Made in the USA: True

Brand: Duracell Ultra Maintenance Free: No

Voltage: 12 Marine Cranking Amps: 705

Format: BCI Group 27M Product Category: Marine/RV

Lead Acid Type: Deep Cycle Product Sub Category: Starting, Lighting,
Cold Cranking Amps: 575 and Ignition

Battery Type: Basic Terminal Type: DT, SAE/M8 Stud, SAE/M8
Capacity 20hr: 90AH Threaded Post, WNT

Chemistry: Lead Acid Usage: RV, Sump Pump

Lead Acid Design: Flooded Warranty: 12-month Free Replacement

Source: Batteries+Bulbs - $99.99 each
Sam’s Club has better pricing.

(continued on next page)
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APPENDIX 6 - INSTRUMENTATION

A PWRcheck

Figure 1. PWRcheck Meter

Capabilities
Hardware
¢ Handles 8 display modes including voltage, current flow in either direction, wattage and amp-hours
Measures 0V* to 60V (Less than 8V requires USB power to PWRcheck), 40A continuous load
Accurate to within +/- 10mV, +/- 10mA
Resolution - 10mV, 10mA
High side monitoring does not require breaking power supply ground or return path, ideal for vehicle use
Backlit graphics LCD displays data in digital, analog and bar graph formats
Monitor back up battery with programmable gas gauge
Non-volatile memory stores more than 100,000 data points (nearly 2 1/2 month of data @ 1 point per minute) without
power
USB computer interface for configuration and data download
Programmable alarm conditions for overcurrent, over/under voltage, amp-hours
Uses Powerpole® connectors (see Accessories)
Dimensions: 0.875" H x 4.5" W x 3" D
* PWRcheck requires a minimum 50mA load to measure voltages below 4.5V.

* S 6 6 6 oo

* & o o

Software
¢ Easily program every aspect of PWRcheck operation such as data logging rate, display formats, alarm conditions
¢ Displays current, voltage, wattage and amp-hours in real time
¢ Integrated charting software automatically collects and displays data
¢ Downloads stored data for later analysis
¢ Exports to Excel
Computer System Requirements
Basic Requirements:
At least an 800 X 600 graphics card and dis@glay monitor
Windows XP, Vista®: 32 or 64 bit. Windows® 7: 32 or 64 bit, Windows® 8, Windows® 10
An available USB port

Source - West Mountain Radio - $184.95

(continued on next page)
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Specifications
Amps: 75A continuous, 140A peak, 0.01 A resolution from 1 ~ 140

. . . 8 T4, 3.851)

Voltage: .0. ~ 60V, 0.01 V resolution (5 to 60V without optional f= IS?ESEE IQIE%EI.-J
auxiliary power connector) =

Wire Type: 8 gauge, high temperature wire (200°C) e

Wire Length: 4 inches on each side

Watts: 0 ~ 7800W, 0.1 W resolution

Amp-hours: 0 ~ 65Ah, 0.001 Ah resolution

Watt-hours: 0 ~ 6554Wh, 0.1 Wh resolution

Display: High-contrast blue backlit LCD display

Size: 4.4 x 1.8 x 1.0" (111 x 45 x 26mm)

Weight: 0.28 lbs. (126 g)

Warranty: 1 Year Limited Warranty

Source — Powerwerx, Wattmeter Plus 75A - $69.99

Powerwerx

Figure 13: RigRunner Power Distribution and Protection

Features
RIGrunner is the most convenient and safest way to connect all of your 12 volt equipment to a power source. It uses the
excellent Anderson Powerpole® connectors, standardizing all of your 12VDC connections.
¢ 40 amp 12VDC continuous duty with 7 fused outlets.
¢ Automatic supply voltage and load current measurement shown on a 3 x 7 segment display.
¢ Pushbutton solid state on/off control.
¢ Built in PWRguard with automatic shut off on high (HVD) or low voltage condition (LVD) with audible alarm.
¢ Intelligent 2A USB port for charging iPhone, Android and other USB devices.
+ Remote (wired) on/off and lockout capability included.
¢ Adjustable 7 segment display brightness.
¢ External input for use with electrical/mechanical interlocks.
¢ Internal RF bypass capacitors on all inputs and outputs.
# Source — West Mountain Radio — RigRunner 4007U — $169.95

(continued on next page)
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APPENDIX 7 - WIRE & CONNECTORS

DC Power Components - Powerwerx

ﬂ’
Wy,

PanelPole - $19.95 Anderson —45A

. ‘-—: -
-

Anderson —SB50

Red/Black Bonded Zip Cord
AWG #12, #10 & #8

Figure 14: DC Power Connectors and Wire

(continued on next page)
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Solar Panel Connectors - Amazon

LRI
ANN\N
BougeRV 6PCS MC4 Solar Panel
Cable Connectors 6 Pairs MC4 MCA4 Y-branch parallel
Male / Female - $7.99 Adapters- $8.95
Only needed for Epic
R | PWRgate Version

D=
;-

MC4-Female MC4-Male

Figure 15: Solar Panel Connectors

(continued on next page)
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APPENDIX 8 - CONSTRUCTION DETAILS

The three 90 AH 12VDC batteries weight 156 lbs. so a substantial rolling carriage, using a Home Depot furniture dolly, was con-
structed as shown in Figure 16. This dolly is some 10 years old and has held a number of different types of lead-acid batteries
without any failures. The wheels allow the battery pack to be moved from the ham shack to a well ventilated garage for high
current charging.

Figure 16: Battery Dolly

All the measurement and distribution components are mounted to the battery dolly frame with sheet metal screws. The
PWRcheck meter was held to the battery with industrial grade two sided tape. The cigarette lighter power interface allows auto
laptop switching power supply connection. All wiring on the facing side of the battery pack is AWG #12. The 30A ATO/ATC
blade fuse can be seen upper center above the front battery. This fuse is one of two protective devices necessary to prevent a
high-current fire hazard.

A top view of the battery pack can be seen in Figure 17. The high current battery circuit with the Powerwerx Watt meter and
Anderson SB50 connectors can be seen in the lower portion of Figure 17. All parallel wiring on the batteries and high current
circuits use AWG #8 wire. The AWG #12 pair existing to the left of Figure 17 provides an Anderson connection for a Battery
Tender trickle charger. The Battery Tender has an ATO/ATC in line fuse (7.5 A).

(continued on next page)
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Figure 17: Top View of Battery Pack

The 100A circuit breaker for the battery high current path can be seen in the Figure 18. This breaker is easily set and opened,
so provided a convenient “power switch” for the high current path. The breaker was normally left in the open position to
prevent unnecessary current drain by the Powerwerx wattmeter when no high current activity was occurring.

\

I\\I 1DV

fl

Figure 18: 100A Blue Sea Systems Circuit Breaker

(continued on next page)
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The battery pack Epic PWRgate charging and low current discharge interface and instrumentation can be seen in Figure 19.
RigRunner - The RigRunner 4007U has a convenient master on/off push button. The display switches between input voltage and
total current out. This provides a way to monitor radio/computer consumption while the PWRCheck meter shows total current
into or out of the battery pack during charging or discharging activity (solar or AC supply).

PWRcheck - The PWRcheck displays an arrow in the lower right corner of the display reporting which way the current is
moving (charging or discharging battery). The numeric display has a rich set of display options including voltage, current, watts
and amp-hours. The amp-hour display is reset when source power to the PWRcheck meter is cycled. This allows monitoring
total amp-hours in and out of the battery pack. Note that amp-hours meter does not run “backwards” during charging.

Epic PWRgate - The Epic PWRgate internal jumpers were set to PB and 10A to accommodate a flooded cell Lead-acid battery
pack with a total maximum allowable charge rate of 27 A. Unfortunately, the Epic PWRgate will cease solar charging after 25
hours unless Max Charge Minutes setting was changed from its default setting of 1550 minutes. Recycling the solar power input
to the Epic PWRgate will reset this Max Charge time or the Max Charge Minutes parameter can be changed as follows: Remove
the two jumpers then use the WMR Device Diagnostic Utility (V1.23) found at: http://www.westmountainradio.com/content.php?
page=wmr-downloads to change Max Charge Minutes to 65535 from its default value of 1550 minutes. Leave all other
parameters at their default values. The Epic PWRgate has several multi-color LED’s that display AC power supply input, solar
supply input and a flashing LED for state of charge of the battery pack. | did not find these LED’s of much value in determining
detailed state of charge on the battery pack. There is also a button for suspending the MPPT switching power supply for 30
minutes if radio interference becomes a problem. | have not detected any switching noise on the jump kit while it was sitting
next to the battery pack.
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Figure 19: Epic PWRgate Instrumentation
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The battery pack Renogy Rover 20A solar charging and low current discharge interface and can be seen in Figure 20. As previ-
ously discussed, the Rover 20A LOAD output cannot be used, due to its sensitivity to momentary short circuits like charging
capacitors in amateur radio equipment. The Rover battery output connects to the battery pack through a 20A ATO/ATC fuse. Its
display provide monitoring of solar panel output voltage and current, and battery charging voltage and current. The battery is
connected through a 30A ATO/ATC fuse to the RIGrunner 4007U. The RIGrunner display provides load voltage and current moni-
toring. Together these two devices provide complete monitoring of all power into and out of the battery pack. To trickle or
smart battery charge from AC, the Anderson Power Pole connector on the battery output of the Rover 20A is disconnected and
connected to the AC charger as shown in figure 6. The Rover is mounted to the battery frame using an Aluminum, expanded-
metal angle bracket.

Figure 20: Renogy Rover 20A Battery Pack Instrumentation

(continued on next page)
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The back panel of the jump kit is shown in Figure 21. The Powerwerx panel meter, PanelPole, and the AC input can be seen on
the left side of the panel. A short Anderson Power Pole jumper pair is used to connect PS OUT (Power Supply) to BAT IN
(battery) to allow the rig to operate from the built-in AC power supply. These two supply interfaces can be connected to the
Epic PWRgate controller to run the jump kit from the battery pack and to charge the battery pack from the jump kit AC power
supply as shown in figures 4 and 5. Please contact me if you want further Jump Kit information.

=
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Figure 21 Back Panel of Jump Kit

(continued on next page)
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SG-500 Power Cable

1KW AC Sinewave Inverter

Figure 22: High Current Devices

Two high current devices that were operated from the battery pack are shown in Figure: 22. The SG-500 Linear Amplifier with
its 5 ft. AWG#8 power cable produced 400 watts output with a 12.5 VDC battery pack. The maximum output power of 500 watts
could not be realized due to voltage drops in the high current path (0.94V) and the reduced DC battery voltage. The SG-500
needs 13.8 VDC for maximum output power. Current in RTTY mode was measured at 52.3 amps at 11.4 VDC (SG-500 terminals)
producing 400 watts output (Bird wattmeter). The AC inverter was not pushed to its limits during testing but performed cor-
rectly at reduced power draw. Note the use of Anderson SB50 connectors on both the SG-500 and 1KW inverter.

(continued on next page)
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Laptop DC Supply
Link CF-LNDDC 120 FA

Model 021-0123
Input — 120 VAC
Output - 12V at 750 mA

Figure 23: Battery Tender and Laptop DC Supply

The Battery Tender Junior (750 mA) trickle charger and laptop switching power supply are shown in Figure 23. The battery
tender is connected continuously during battery pack storage to prevent deterioration of the battery chemistry. The low current
from this charger does not overcharge the battery or affect the electrolyte level.

Note: The electrolyte level in each cell should be checked periodically and refilled with distilled water before plate exposure.

(continued on next page)
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Figure 24: Solar Panel Array - Front and Back Views

Front and back views of the Solar Array can be seen in Figure 24. Door hinges were installed to allow the two panels to fold
together for storage and protection. Frost King Self-Stick Rubber Foam (3/8” X 3/16") was applied aroung the edge of one panel
to prevent damage when folded together. The MC4 Y-Branch connectors can be seen in the back view connecting the two panels
electrically in parallel when using the Epic PWRgate controller. The gender of the connectors allow series connection for use
with the Renogy Rover 20A without any additional connectors. For central Texas (302 Latitude), the panel angle needs to be
adjustable from 32 (summer) to 502 (winter). To get maximum insolation, keep the panels at right angle to the sun’s rays
(using panel shadows).

(continued on next page)
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APPENDIX 9 - COST BREAKDOWNS

COST BREAKDOWN - Epic PWRgate with High Current Option

ITEM Model SOURCE COST EACH | QUANTITY | TOTAL COST COMMENTS
Solar Panel Renogy RNG-100D Amazon 5136.99 2 5273.98 Monaocrystalline 100W, 12V
Solar Panel Y-connectors BougeRV MC4 Y Branch Amazon 58.95 1 58.95 both genders included
Saolar Panel connectors BougeRV MC4 6PCS Amazon $7.99 1 $7.99 need two pairs
Door hinge 3" 1/4RS 5N Home Depo 52.58 2 85.16 sold as pairs
Foam tape Frost King 3/8 x 3 3/16 Home Depo 53.96 2 57.92
Hingle hardware 55 - 6:32 bolts and nuts Lowes 12 personal stock
Lead-Acid Storage Batteries Duracell SL127MDC Batteries+Bulbs $99.99 3 $299.97
Battery Ring Terminals #6 1/4in. Lowes $6.84 3 $20.52 Drill out to 5/16"
Furniture Dolly Buffalo Tools - 1000 lbs. Home Depo 517.65 1 517.65
Plywood 3/4" model 106128 Home Depo 539,98 1 539,98 pressure treated, gnd. Contact
lumber - 24 2x4 model 106147 Home Depo 53.88 1 53.88 pressure treated, gnd. Contact
Solar Charge Contoller Epic PWRgate West Mountain Radio $179.95 1 $179.95
Power Monitor (low current) PWRcheck West Mountain Radio 5184.95 1 5184.95 A0A maximum
Power Monitor (high current) | Wattmeter Plus 754 Powerwerx $69.99 1 $69.99 75A maximum
Power distribution panel RigRunner 40070 West Mountain Radio 5169.95 1 5169.95
Battery Trickle Charger Deltran model 021-0123 Batteries+Bulbs $31.99 1 $31.99 0.75A maximum charge rate
In-line fuse holder ATC/ATO IFH-10-02 Powerwerx 52.59 1 52.59 Low current battery output
100A Circuit breaker Cooper CB285-100 Powerwerx $27.99 1 $27.99 High current battery output
AWGHS red,/black zip cord RM-08-25 Powerwerx $49.03 1 $19.03 High current path, only need 10'
AWG#10 red/black zip cord RM-10-50 Powerwerx 563.06 1 563.06 Solar Panel output run
AWG#12 red/black zip cord RM-12-25 Powerwerx 524.05 1 524.05 All other interconnections
Anderson Power Pole S0A SB50-08-GRY Powerwerx $3.15 5 315.75 With contacts
Anderson Power Pole red 1327 Powerwerx 50.37 12 54,44
Andersan Power Pole black 1327G6 Powerwerx 50.37 12 54,44
Anderson Power Pole Contacts 261G2 Powerwerx 50,36 24 58.64
Total $1,522.82
COST BREAKDOWN - Renogy Rover 20A with High Current Option
ITEM Model SOURCE COST EACH | QUANTITY | TOTAL COST COMMENTS
Solar Panel Renogy RMNG-100D Amazon $136.99 2 $273.98 Monaocrystalline 100W, 12V
Saolar Panel connectors BougeRW MC4 6PCS Amazon 57.99 1 57.99 need two pairs
Door hinge 3" 1/4RS SN Home Depo $2.58 2 $5.16 sold as pairs
Foam tape Frost King 3/8 x 3 3/16 Home Depo $3.96 2 §7.92
Hingle hardware §S - 6:32 bolts and nuts Lowes 12 personal stock
Lead-Acid Storage Batteries Duracell SL127MDC Batteries+Bulbs 599,99 3 $299.97
Battery Ring Terminals #6 1/4in. Lowes 56.84 3 520.52 Drill out to 5/16"
Furniture Dolly Buffalo Tools - 1000 lbs. Home Depo 517.65 1 517.65
Plywood 3/4" model 106128 Home Depo 539.98 1 539.98 pressure treated, gnd. Contact
lumber - 2X4 2%4 model 106147 Home Depo 53.88 1 53.88 pressure treated, gnd. Contact
Solar Charge Contaoller Renogy Rover 20A Amazon 5123.98 1 5123.98
Power Monitor (high current) | Wattmeter Plus 75A Powerwerx $69.99 1 $69.99 75A maximum
Power distribution panel RigRunner 4007V West Mountain Radio 5169.95 1 5169.95
Battery Trickle Charger Deltran model 021-0123 Batteries+Bulbs $31.99 1 $31.99 0.75A maximum charge rate
In-line fuse holder ATC/ATO IFH-10-02 Powerwerx $2.59 1 $2.59 Low current battery output
100A Circuit breaker Cooper CB285-100 Powerwerx $27.99 1 $27.99 High current battery output
AWGHS red,/black zip cord RM-08-25 Powerwerx $49.03 1 $19.03 High current path, only need 10'
AWGH#10 red/black zip cord RM-10-50 Powerwerx $63.06 1 $63.06 Solar Panel output run
AWGH#12 red/black zip cord RM-12-25 Powerwerx $24.05 1 524.05 All other interconnections
Anderson Power Pole S0A SB50-08-GRY Powerwerx $3.15 5 315.75 With contacts
Anderson Power Pole red 1327 Powerwerx 50,37 12 54,44
Anderson Power Pole black 1327G6 Powerwerx 50,37 12 54,44
Anderson Power Pole Contacts 261G2 Powerwerx 50,36 24 58.64
Total $1,272.95
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(continued from previous page)

COST BREAKDOWN - Epic PWRgate without High Current Option

ITEM Model SOURCE COST EACH | QUANTITY | TOTAL COST COMMENTS
Solar Panel Renogy RNG-100D Amazon 3136.99 2 5273.98 Maonocrystalline 100W, 12V
Solar Panel Y-connectors BougeRV MC4 Y Branch Amazon $8.95 1 $8.95 both genders included
Solar Panel Y-connectors BougeRV MC4 6PCS Amazon 57.99 1 57.99 need two pairs
Door hinge 3" 1/4RS SN Home Depo $2.58 2 $5.16 sold as pairs
Foam tape FrostKing 3/8x 3 3/16 Home Depo 53.96 2 57.92
Hingle hardware SS - 6:32 bolts and nuts Lowes 12 personal stock
Lead-Acid Storage Batteries Duracell SL127MDC Batteries+Bulbs 599.99 3 $299.97
Battery Ring Terminals #51/4in. Lowes 56.84 3 520.52 Drill out to 5/16"
Furniture Dolly Buffalo Tools - 1000 lbs. Home Depo $17.65 1 §17.65
Plywood 3/4" model 106128 Home Depo 539.98 1 539.98 pressure treated, gnd. Contact
lumber - 2X4 2¥4 model 106147 Home Depa 53.88 1 53.88 pressure treated, gnd. Contact
Solar Charge Contoller Epic PWRgate West Mountain Radio | 5$179.95 1 $179.95
Power Monitor (low current) PWRcheck West Mountain Radio 5184.95 1 5184.95 404 maximum
Power distribution panel RigRunner 4007U West Mountain Radio | 5$169.95 1 5169.95
Battery Trickle Charger Deltran model 021-0123 Batteries+Bulbs $31.99 1 531.99 0.75A maximum charge rate
In-line fuse holder ATC/ATO IFH-10-02 Powerwerx $2.59 1 $2.59 Low current battery output
AWGH10 red/black zip cord RM-10-50 Powerwerx 563.06 1 563.06 Solar Panel output run
AWGH12 red/black zip cord RM-12-25 Powerwerx 524.05 1 524.05 All other interconnections
Anderson Power Pole red 1327 Powerwerx 50.37 12 54.44
Anderson Power Pole black 1327G6 Powerwerx 50.37 12 54.44
Anderson Power Pale Contacts 261G2 Powerwerx 50.36 24 58.64
Total $1,360.06
COST BREAKDOWN - Renogy Rover 20A without High Current Option
ITEM Model S0URCE COST EACH | QUANTITY | TOTAL COST COMMENTS
Solar Panel Renogy RNG-100D Amazon 5136.99 2 5273.98 Monocrystalline 100w, 12V
Solar Panel connectors BougeRV MC4 6PCS Amazon $7.99 1 57.99 need twao pairs
Door hinge 3" 1/4RS SN Home Depo 52.58 2 35.16 sold as pairs
Foam tape Frost King 3/8 x 3 3/16 Home Depo 33.96 2 §7.92
Hingle hardware 55 - 6:32 bolts and nuts Lowes 12 personal stock
Lead-Acid Storage Batteries Duracell SL127MDC Batteries+Bulbs $99.99 3 $299.97
Battery Ring Terminals #51/4in. Lowes 56,84 3 520.52 Drill out to 5/16"
Furniture Dolly Buffalo Tools - 1000 lbs. Home Depo 517.65 1 517.65
Plywood 3/4" model 106128 Home Depo $39.98 1 $39.98 pressure treated, gnd. Contact
lumber - 2X4 2¥4 model 106147 Home Depo 33.88 1 53.88 pressure treated, gnd. Contact
Solar Charge Contoller Renogy Rover 20A Amazon $123.98 1 $123.98
Power distribution panel RigRunner 40070 West Mountain Radio 5169.95 1 5169.95
Battery Trickle Charger Deltran model 021-0123 Batteries+Bulbs $31.99 1 $31.99 0.75A maximum charge rate
In-line fuse holder ATC/ATO IFH-10-02 Powerwerx 52.59 1 52.59 Low current battery output
AWGH10 red/black zip cord RM-10-50 Powerwerx 563.06 1 563.06 Solar Panel output run
AWGH12 red/black zip cord RM-12-25 Powerwerx 524.05 1 524.05 All other interconnections
Anderson Power Pole red 1327 Powerwerx 30.37 12 54.44
Anderson Power Pale black 1327G6 Powerwerx 30.37 12 54.44
Anderson Power Pole Contacts 261G2 Powerwerx 50.36 24 58.64
Total $1,110.19

a
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DE WB5WTF, Ruben Fuentes

Summerfest has come and gone and it appears it was another a

successful one. | saw many of our familiar faces helping out and

I’'m grateful for that. AARC used to be formally involved in

hosting/sponsoring this event and personally I’d like to see us get involved in that level again. | will
make it a topic for discussion at some point.

September 2018 % .

President’s Corner %

A few short months ago, we had considered hosting a kit building booth, but there wasn’t enough
time to put it together in terms of planning and acquiring supplies and volunteers ahead of time. |
think that should be up for consideration for next year.

We've finally made headway in selling off the extra emergency communications trailer that AARC
bought earlier this year. There’ll be a full report on this issue at our next meeting, Tuesday,
September 4th.

As we enter September, | realize we have less than 3 months before our annual Christmas party,
which is held in lieu if our December meeting. Last year was fun and attracted 75 people. I'm looking
forward to another successful one this year. This success relies on help from you, the membership. If
you’re interested in helping this year, please let me or Jeff or Lori Schmidt know. We’d appreciate it.

73 DE Ruben (WB5WTF)

Y,

S

\

This Space Reserved...
/\ for Informational,
* $‘“\\‘“ Technical, Entertaining,
/ Funny or Inspiring
ham-related articles!

ONGOING CALL FOR ARTICLES )

Do you have something you’d like to share with our amateur radio p o »‘"{;z,;ff?"j
community? You don’t have to be a Hemingway or looking to win a / @/@\
Pulitzer. That’s where an Editor comes in. Share your words of wisdom, | & |
wit, or just a web link you found interesting. X Susid”
Don’t delay! Send it today to: editor@austinhams.org and become o
published! YV
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Over the WiWWeaves...

Budget Cuts to Turn Off WWYV / DE Rick (K5FNI)

For those of you who might listen to shortwave radio between the top of the a.m. broadcast band and 30
MHz, this is very bad news. The stations have been a mainstay of calibrating receivers and just a check on
how the ionosphere is doing for me since 1959.
http://www.arrl.org/news/nist-fy-2019-budget-would-eliminate-wwv-and-wwvh

ICOM AH-4 Modification / DE Rick (K5FNI)

This is a really good article with instructions to modify the popular ICOM AH-4 80-6m antenna tuner for fixed
or portable operation. The photos were very useful.

http://www.gsl.net/v73ns/AH4.html

There’s Gold In Them Thar Parts! / DE Rick (K5FNI)

Through an online discussion, | just found out about

http://www.danssmallpartsandkits.net/

For builders and folks who repair radios, it is a real gold mine of parts at QUITE reasonable prices. | haven't
used the service...yet. But, | did see folks extolling the virtues of it. V

o
»

a

IN THE NEWS... (AGAIN/STILL)

Amateur Radio Parity Act...

| feel like I’'m on a roller coaster with this issue. It got whacked from the National
Defense Authorization Act. Now, Advocacy Committee Chair Mike Lisenco states
that the Financial Services & Government Appropriations bill, which funds the FCC,
contains the Parity Act language. Reports are that it is getting a push through Con-
gress and finally bypass objections from Democrat Bill Nelson of Florida who oppos-
es it due to ties to his state’s homeowners’ associations. Politico, an online source for politics and policy,
cited a spokesperson for the US House sponsor of the Parity Act, Representative Adam Kinzinger (R-IL), who
told the journal that Kinzinger is “hopeful that Senator Nelson will see its value.”

There’s no clear idea how the Act will fare in the US Senate, though
there are some who think that the

Senate should follow the lead of the House in the matter. While ARRL /\
General Counsel Chris Imlay, W3KD, states that the Parity Act “does
entitle each and every Amateur Radio operator living in a deed re-
stricted community to erect an effective outdoor antenna,” it’s still
unclear exactly how the FCC will word the final ruling. HOAs will still
have a LOT of power in what can or cannot be erected.

VV_Q

REMINDER
The Austin Amateur Radio Club offers annual scholarships to licensees living
in Travis, Williamson, Bastrop, Hays, Blanco, Caldwell and Burnet counties.
Please see http://austinhams.org/scholarships for more information. V

»
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Austin UHF Network — Update

The image on the next page (sic) shows the current Austin UHF network. You will see BARC1 (442.7) shown

in the lower right area of the image.

Here are the frequencies and tones needed to use these machines:

444.2 (+ offset) — 107.2 tone

Located on KVUE tower in Westlake. This is a wide
area repeater and can be heard and worked in some
areas of San Marcos. The receiver of this repeater is
using a shared antenna with KVUE TV UHF radio
system. The receive antenna is at the 1000 foot level
of this tower and the receiver in the ‘birdhouse’ at
the top of the tower. There is very short feedline to
the antenna. This repeater hears everything but
sometimes will not be heard by the user because of
the asymmetric antenna arrangement. The transmit
antenna is at the 470 foot level. This TX antenna
shares a feedline with 146.94 and 224.8 repeaters
that are also on this tower.

443.075 (+ offset) — 123.0 tone
Located at Tom’s (K5TRA) house. Limited coverage in
the Bee Caves, SW Austin area.

444.875 (+ offset) — 100.0 tone
Located at Round Rock, St David’s Surgical Hospital

444.500 (+ offset) — 110.9 tone
Located in SW Austin/Bee Caves area

224.360 (-1.6 offset) — 100.0 tone
Located at Round Rock, St David’s Surgical Hospital

442.7 (+ offset) — 123.0 tone
BARC1 — Texas State Campus

Load these repeaters in your mobile radio and use them when in the Austin and Round Rock areas.

73 / Regards,
Roy Walker, WA5YZD

(See next page for image. —Ed.)

This space available for tidbits. Got some?
Send ‘em to editor @austinhams.org

AARCOVER : 09-2018

Page 34



Austin UHF Network — Update (cont.)

MNode 45593 70cm
WDEEMS Round Rock, T
30.477689 -87.620370

MNode 45780 W
WDEEMS Round Rock, T
30477503 -97.620368

MNode 45692 1.25m
WDEEMS Round Rock, TX
30.4775889 -87.620370

Mode 43928 444.500
KETERA Bee Cave, T
S0.292737 -98.019154

Node 434585 443.075
EETRA Austin, T
00.242828 -97.898998

Mode 47092 444.200 (+)
WARYZD Austin, Texas
30.322224 -97.803506

Node 45715 442,700
KETRA San Marcos, TX
29.85805941 -97.547171

Node 48398 UHF AUX
EETERA Austin, T
30.242828 -07.895995

Allstar Link [surrounding node 47092] status of 06/25/18 10:50:23 GMT

Y,
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Just Fm* Fun...

WORD SEBARCGH Solution to Last Month’s Puzzle
. . . . HOKMMCPRGRHRSDN
Can you find all the words listed below in this UOSRXNARESEXCRDO
puzzle? Can you also find them in the text of the \s/ E g g (Z) va Ic:’ % E ; g 8 é g _f_
newsletter? The words are taken from articles, WTTTYIMASGEYYEN
. . JvVQDLTTAWSISHTEFE
news, events, or anywhere in this newsletter. LK I PDEOFENTAPWYV
I EMNRKAWRTNMLTN
ELSZIMRKWWFMPWS CAYIQPCINNXMMYO
EBGROTAREPOLHOC
SNTRWYENWLRASTIH NMCWVOLTAGECFOG
XTIVAHLVOLFUIFO SOEUXZNSHYNHZPR
ERZVOAMOHAWMQTT
JQZLWMLZFCNDVEFR EXKPYNHDXZATXPR
MIDJLDOTOSIUCST TLXFBATTERTIESSYV
IPKCBARRHSHLEXMW Hetion on the dirwaves
SAFETYTIPFOITIXA There’s no end in sight for the summer heat. Don’t worry!
KPSRAYNSVHRLRSYV Here are a few of the cool special events during September.
R F L P G E O K Y E O G A A E 39th Annual Trek to Ghost Town of Paradise
Sep 1-Sep 3, 18002-1800Z, K7RDG, Sierra Vista, AZ. Cochise Ama-
OZMRSQCBTRTUIJRM teur Radio Association. 28.355 21.215 14.315 7.230. Certificate.
Cochise Amateur Radio Assoc. K7RDG, P.O. Box 1855, Sierra Vista,
WGENERATORCISRL AZ 85636. http://www.k7rdg.org/
TNNOITATSXLODAWM vard I
Brickyard 400 Special Event
E Y Y D K B Q V T X I K N Y G Sep 3-Sep 10, 2200Z-0400Z, WIOIMS, Indianapolis, IN. Indianapolis
N Z O L J G E P E I W B C O P Motor Speedway ARC. 21.350 14.245 7.245 3.840. Certificate & QSL.
Indianapolis Motor Speedway Amateur Radio Club, P.O. Box 30954,
XM J K ABL C NYWTYXM Indianapolis, IN 46230. See website for information on getting QSL
cards and certificates. https://www.qrz.com/db/w9ims
New York City Memorial Station
AMORPHOUS GENERATOR SILICON Sep 7-Sep 12, 0000Z-0300Z, WA2NYC, Staten Island, NY. Wireless
ARRAY MONOCRYSTALLINE SOLAR Association of New York City. 21.350 14.265 7.200 D-STAR REF020C.
BATTERIES NETWORK STATION QSL. Wireless Association of New York City, 233 Wolverine Street,
CONTROLLER SAFETY SUNSHINE Staten Island, NY 10306. This station will commemorate the 17th
ENERGY SHORTWAVE WWV anniversary of the attack on the World Trade Center in New York
V City. We remember the over twenty nine hundred people that lost

their lives on that day. wa2nyc @ yahoo.com

This Month In Hj_story* 2018 Route 66 On The Air

Sep 8-Sep 16, 00012-2359Z, W6JBT, San Bernardino, CA. Citrus Belt

09-29-1915 - 1st transcontinental radio telephone Amateur Radio Club. 28.466 14.266 7.266 3.866. Certificate & QSL.
message is sent Citrus Belt Amateur Radio Club, P.O. Box 3788, San Bernardino, CA
09-15-1921 - WBZ-AM in Boston MA begins radio 92413. Come celebrate the history of this great highway that help

build America and join the clubs across the nation participating in

transmissions this event using the call signs of W6A - W6U. See the host website

09-17-1922 - Radio Moscow begins transmitting of www.w6ibt.org for more on the rules, frequencies, certificate and
(12 KWs-most powerful station) QSL routes for each club participating. Hope to hear you on the air!

http://www.w6jbt.org/

*Unverified. [Sorry... | wasn’t around for all of these events. —Ed]
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Minutes of the Regular Membership Meeting of August 6, 2018
The Austin Amateur Radio Club (AARC)

Meeting held at the Applied Research Laboratories, 10000 Research Blvd., Austin TX

The Meeting was called to order at 7:00 p.m., by club President, Ruben Fuentes (WB5WTF).

The other club officers present were: VP Lew Thompson (W5SIFQ); Interim Treasurer Mark Jenkins (W5MPJ), and Secre-
tary Carston Buehler (KG5PAL).

There were 24 members in attendance.

Ham of the Month: Bob Morgan (W50TV) nominated ‘All Field Day 2018 Volunteers’ as Ham of the Month. StuartR
(K5KVH) seconded it. The motion carried.

Old Business

¢+ Ruben Fuentes (WB5WTF) awarded the first 20 Field Day 2018 volunteers their pins.

+ Mike S. (K5MSK) requested materials for publishing in the club’s newsletter. Materials can be submitted by email
to: editor @ austinhams.org.

¢ Joe Canfield (NSHOC) nominated Mark Jenkins (W5MPJ) to be permanent Treasurer. Kevin Dunlevy (N5KOD)
seconded the motion. The motion carried.

¢ Kerby Spruiell (KG5DLD) provided updated on ARES. See him for more information.

+ Joe Canfield (N5SHOC) provided updated on Dell Seton Medical Center comms.

+ Stuart R (K5KVH) reported on the status of the finalist student recipients for scholarships granted by the AARC.

Disbursement of $19,000 was made to 8 kids. January 31, is the deadline each year for applications.

New Business

+ Kerby Spruiell (KG5DLD) and Lew Thompson (W5IFQ) provided updated on ARMY MARS.
¢ Ruben Fuentes (WB5WTF) provided update on the 2018 Christmas party. Same location as last year, Buffet Palace
on Tuesday, December 4th.
Roy Walker (WA5YZD) provided update on Austin UHF repeater. 146.94, 146.88
Emergency Comm Trailer update by Lew T (W5IFQ).
Jeff Schmidt (NSMNW) provided update on Field Day 2018.
Supplemental
¢ Solar Weather Update was presented by Lew T (W5IFQ) in modified form.
¢ Jeff Schmidt (NSMNW) made a motion to adjourn the meeting. Joe Canfield (NSHOC) seconded the motion and it

carried.

The meeting was adjourned at 20:40 Hours.

Y

1
>

<
«

This space available for tidbits. Got some? Send ‘em to editor @ austinhams.org
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AARC Meeting Info
Tuesday, September 4, 2018 / 7:00pm to 9:00pm

Location: Applied Research Labs
10000 Burnet Road, Austin TX 78758

Meeting Topic:
NVIS Antenna Theory and Practice
and Solar WX Summary by Lew, W5IFQ

Officers normally meet from 6:00 to 7:00p.m. prior
to regular club meetings and is open to all.
Contact an officer for more information.

2018 - Calendar of Events

Upcoming Amateur Exams

ARRL VEC
Sep. 8th & Oct. 13
9 am at Bethany United Methodist Church.

Room 203/204. $15 fee. For more info, contact:

Joe Makeever, W5HS (512-345-0800)

W5YI VEC
Sep. 15th & Oct. 20th
2 p.m. in Room 118, Fleck Hall,
St. Edwards University. $14 fee.
Contact Craig
AC5KW @ ARRL.net
for more info. $14 fee.

Sep 8 - Highland Lakes ARC Exam Session

Marble Falls EMS Building, 609 Industrial Ave.,

Marble Falls TX 78654. From 10:00am to 4:00pm.

$15.00 exam fee to cover expenses. If upgrading, please bring
your current Amateur Radio License. Walk-ins welcome!
HLARC anticipates testing about every 60 days. Future dates
TBD. Please see http://hlarc.org/ for details.

Michael KCOTA mirobinson1953 @ gmail.com

Rick NG5V, ng5v @ arrl.net

Sep 21-22 - W4DXCC DX and Contest Convention
Mainstay Hotel and Conference Center, Pigeon Forge, IN
http://www.w4dxcc.com/

Dave K4SV, email: Dave @ w4dxcc.com

Sep 22 - Ham-In-A-Day, Technician License

NW Houston. Not a class. It's Seven 45-minute guided FCC
question pool study periods, with hourly breaks and lunch. An
FCC authorized Ham Radio test session immediately follows the
study session. Questions: alfred @ alfredjperez.com or
832-481-2999. You must pre-register. No walk-ins.

Register for the 9/22/2018 Ham-In-A-Day here:
https://goo.gl/forms/WH803AmMfAA3P4EQ02

Oct 5-6 - HamEXPO! Fall

Bell County Expo Center, Belton TX

Admission fee $5.00 per person, includes one free raffle ticket
($2.00 value). Children under 12 free.
http://www.tarc.org/hamexpo

Oct 6-7 - MS 150 San Antonio-New Braunfels & back bike ride
Need about 35-40 operators to fully staff our needs both days.
We can also use a few volunteers who are not licensed ham
operators. Contact Charlie KC5NKK charlesdland @ gmail.com

Oct 26-27 - Texoma Hamarama
Ardmore Convention Center, 2401 N Rockford Rd, Ardmore OK
http://www.texomahamarama.org/

More details & events listed in the SWAPNET Newsletter!
Visit http://austinhams.org/swapnet

Upcoming Meetings...

Sep Oct Austin Meetings/Happenings Time Address

4 2 AARC Meeting @ Applied Research Lab 7:00 p.m. 10000 Burnet Rd
25 23 Travis County A.R.E.S. @ Applied Rsrch Lab  7:00 p.m. 10000 Burnet Rd
27 25 CERT Meeting @ TBD (see Link / Contact) 7:00 p.m. TBD

24 22 CTDXCC Meeting @ Old Quarry Library 6:30 p.m. 7051 Village Ctr Dr

If your club is listed here and has incorrect time or dates, please let us know! editor @ austinhams.org

Visit our website at http://austinhams.org/
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http://www.austintexas.gov/AustinCERT
http://www.austintexas.gov/email/nelsonandrade
http://austinhams.org/
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http://www.texomahamarama.org/
http://cdn.austinhams.org/SwapnetNews.pdf
http://austinhams.org/swapnet

