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Presentation Notes
Most batteries used by hams have terminal voltages that are considered safe to touch with intact, dry skin. Interrupting the current to an inductive load can produce a transient voltage spike of several hundred volts if the circuit does not include some kind of suppression circuitry.








WRONG!
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Presentation Notes
Those five remaining cells are going to be cooking. For sure, the battery will be venting hydrogen gas in quantity and spewing electrolyte, and the heat will also cause the battery case to swell, possibly cracking it and letting additional electrolyte leak out. 
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(°F)

Temp 
(°C)

ΔT
(°C)

ΔV
(mV)

VFloat
(V)

Result
(when charged at 13.5 V)

77 25 -- -- 13.3 battery fully charged as 
specified in data sheet

95 35 10 -240 13.06 overcharged – outgassing
32 0 -25 600 13.9 undercharged

Presenter
Presentation Notes
Note that AGM charging voltages are considerably lower than older lead-acid chemistries. Many of us think of 13.8 V as the nominal float voltage for an old-style flooded-cell automobile battery. Even when fast-charging the battery, Concorde recommends that you keep the voltage below 14.2 V at room temperature. In contrast, some older automobile alternators produce as much as 15 V at high engine RPM, and inexpensive automotive battery chargers may also put out a high charging voltage. If your battery charger adheres to the recommended lower charging voltage specified by Concorde, tha battery won’t be stressed. Better yet, your radio won’t run quite so hot when the battery is being charged while you are operating the radio.





Presenter
Presentation Notes
There are other excellent chargers out there, but I have had excellent experience with these two brands. I have been disappointed by some other brands. 



Presenter
Presentation Notes
The ProNautic series has an added benefit. You can switch it to become a regulated 12 V / 20 A power supply for use when a battery isn’t available. That’s a slick feature!

One disadvantage is that the 120 VAC power to the ProNautic power supply is designed to be hard-wired using Romex cable on board a boat or RV. An external fuse or circuit breaker rated at 10 A is required. I mounted a 10 A circuit breaker in a non-conductive electrical junction box in line with a 3-conductor power cord, which is strain-relieved where it is attached to the charger.




Source: batteryuniversity.com





PbO2 + HSO4
- + 3H+ + 2e− → PbSO4 + 2H2O

Pb + HSO4- → PbSO4 + H+ + 2e−

Presenter
Presentation Notes
Note what is going on here. During discharge, the solid material in both plates, lead dioxide and pure lead, is being converted to lead sulfate, which is a crystalline salt. Some of the lead sulfate dissolves in the electrolyte but most of it builds up on the surface of the plates or settles in the bottom of the battery. 

In a starting battery, the plates are thin to provide a large surface area while saving weight. The plates are substantially consumed during a deep discharge, so much so that they may be eaten away entirely in spots, effectively reducing the surface area that remains. During the charging cycle, the plates reform haphazardly, with less volume and surface area than the original plate geometry. That, in turn leads to a surplus of lead sulfate on the plates, further degrading battery performance. Each deep discharge cycle leads to further deterioration, reducing the capacity of the battery. Most of you know from experience that leaving your headlights on just a few times will kill a car battery. The old literary cliché, “you can’t go home again,” is literally true if you happen to be lead sulfate in a starting battery.

In a deep cycle battery, the plates are thick enough that the electrolyte is depleted before the plates are fully consumed. This helps to maintain the original geometry of the plates when the battery is charged. I hasten to tell you that I am not a chemist, so my explanation here is a lay person’s description of the degradation process. But from an operational point of view, I have plenty of practical experience with premature battery failure that is consistent with this explanation of what is happening inside the battery.

And here’s the crux of the matter. Most batteries that are sold today for deep-cycle applications are labeled as dual-purpose or combination batteries. These batteries invariably skimp on plate material to reduce cost and weight. The specifications tell you how much energy can be drawn from the battery to fully deplete it, but neglect to mention that each deep discharge reduces the capacity of the battery substantially. If you want to be sure you are getting a true deep cycle battery, look at the specifications for the number of cycle life. “Real” deep-cycle batteries will have detailed specifications, including a graph or table of expected cycle life versus depth of discharge. In addition, compare battery weights for a given amp-hour rating. The “real” deep-cycle battery will weigh a lot more than the fake – and the price will be higher because of the cost to manufacture and transport the battery. 







VOLTAGE AT BATTERY TERMINALS11.5 V

RADIO MINIMUM OPERATING VOLTAGE 11.0 V

BATTERY FULLY DEPLETED 10.5 V

BATTERY FULLY CHARGED13.5 V

WIRING 
VOLTAGE DROP

0.5 V)

USABLE BATTERY 
CAPACITY

0.5 V ÷ 25 A  =  20 mΩ
0.5 V × 25 A  =  12.5 W (wasted power)

UNUSED BATTERY 
CAPACITY



VOLTAGE AT BATTERY TERMINALS11.2 V
RADIO MINIMUM OPERATING VOLTAGE 11.0 V

BATTERY FULLY DEPLETED 10.5 V

BATTERY FULLY CHARGED13.5 V

USABLE BATTERY 
CAPACITY

UNUSED BATTERY 
CAPACITY

Presenter
Presentation Notes
If you increase the wire size to reduce the voltage drop, you can use significantly more of the battery’s capacity. 

There are a few other things you can do to make better use of the full capacity of the battery. One is to purchase a battery booster that maintains its output voltage at whatever voltage you want to run your equipment at as the battery voltage drops. This allows you to keep operating until the battery is fully depleted at 10.5 V. That’s going to reduce the battery life somewhat, and it adds an expensive piece of equipment which is  one more thing to fail. But it is an option, and in an emergency, sacrificing a bit of battery life to gain additional operating time might be worth it. Examples include the MFJ-4418 and -4418 as well as a unit designed by N8XJK. Google the call sign to find vendors who carry the product.
The second thing you can do is to install a supercapacitor close to the radio. This is especially useful on HF radios running single-sideband, since maximum current is drawn from the battery in short bursts during voice peaks. With a supercapacitor in the circuit, most of that peak current is drawn from the supercapacitor, which is replenished by the battery in between the peaks. This reduces voltage drop in the battery cable. MFJ sells a battery conditioner, Model MFJ-4403, that has a supercapacitor bank with over 4 farads of capacitance. Similar units are also sold for high-end automotive sound systems.

I have no personal experience with either battery boosters or supercapacitor-based battery accessories.
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Presentation Notes
In my home station and go-kit, I use the SunXtender brand battery, Model PVX-840T, made by Concorde Batteries in the U. S. Concorde is the premier supplier of aircraft batteries, which tells you something. This model is rated at 84 Ah. A larger battery would be too heavy for portable use. I wouldn’t be able to lift it into the trunk of my car by myself.  In the MAIPN van, we use the 105 Ah version of this battery (actually, two in parallel for a total capacity of 210 Ah) since they are permanently installed and we are powering lighting, computers, and network equipment in addition to several radios.

This battery is approaching 10 years old. Other batteries I have used over the years have failed between two and five years. So despite the higher initial cost (about double), it breaks even or saves you money in the long run, while providing better performance. 

Note that there is a dual fuse block bolted directly to the positive terminal of the battery. I have a short 12 AWG cable terminated in a PP30 connector that plugs into my battery charger, protected by a 30A fuse. And I have a 6 AWG cable terminated in a PP75 connector that goes to my 12V distribution block, protected by a 75A fuse. Since the charger connects directly to the battery terminals, the battery acts as a filter to keep any switching noise from the charger from coupling into the radios. In practice, I have never had a problem with RF interference from the switchmode charger in my setup.

Once the lid is on the battery box, there is virtually no possible way to short-circuit this battery that won’t blow a fuse. If you were to have inline fuses in the battery cable at a distance from the battery terminals, there is the possibility that a short-circuit could occur before the fuse. 

Replacing one of these fuses would be labor-intensive. Circuit breakers would be more convenient, but they cost a lot more, and add resistance to the circuit. Fortunately, each of my equipment circuits has an inline fuse or circuit breaker (or two). And all my equipment is connectorized, so I never have to fool around with attaching bare wires to live screw terminals out in the field, which is a recipe for disaster. So I have never blown one of these main fuses.

It’s not shown here, but the temperature sensor from the battery charger also bolts onto the negative terminal of the battery. In my current setup, the temperature sensor cable looks like a silver satin telephone cord with an RJ-11 plug, so I cut the cable close to the battery box and installed an inline RJ-11 coupler, making it easy to disconnect the battery and remove it without using tools.






Block diagram of power supply 
for 100-W HF station

ProNautic
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Presentation Notes
Here is a block diagram of my setup. The fuse block is made by a company called Blue Sea Systems. Most boating supply stores carry the Blue Sea line. I  usually order from West Marine. They used to have a local store in Rockville that carried a complete line of 12V hardware, but now you have to drive to Alexandria or Annapolis if you want to touch the stuff before you buy it.









https://www.powertechsystems.eu/home/tech-corner/lithium-ion-state-of-charge-soc-measurement/

Presenter
Presentation Notes
This graph shows the discharge curve for a lithium-ion battery, but a LiFePo discharge curve has the almost identical shape.

https://www.powertechsystems.eu/home/tech-corner/lithium-ion-state-of-charge-soc-measurement/
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Presentation Notes
Alkaline batteries vent a small quantity of hydrogen gas during normal discharge. Normally, this is vented harmlessly to the atmosphere, but in a sealed enclosure, the hydrogen can build up and be ignited by a spark.




Mobile Power Wiring Safety
• Car batteries hold lots of energy – shorting a 

battery could cause a fire.
• Special requirements for safe car wiring:

– Fuse both positive and negative leads.
– Connect radio’s negative lead to negative terminal or engine block 

ground strap.
– Use grommets or protective sleeves to protect wires.
– Don’t assume all metal in the car is grounded; modern cars are as much 

plastic as metal.

Presenter
Presentation Notes
The concept of fusing both the negative and positive leads of the equipment in a car installation might take some explanation.  The vehicle manufacturer may have specific recommendations in a service bulletin – check with the dealer or an audio/radio installation shop.
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Presentation Notes
Let’s look at this. Here’s a typical mobile transceiver installation. You run a 12 V power cord directly from the battery terminals to the transceiver’s DC power connector, but you install in in-line fuse close to the battery positive terminal to protect the wiring and the radio from any short-circuit that might develop. You also run a coaxial cable feedline from the antenna jack on the transceiver to the antenna, which is typically a short whip antenna mounted somewhere on the skin of the car, typically the roof or trunk lid. At the base of the antenna, the center conductor of the coax is connected to the whip, and the outer shield of the coax is connected to the surrounding metal. So far, so good.
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Presentation Notes
But what else is connected to the battery? Everything! – the ignition system, headlights and taillights, and the starter motor. Actually, the positive terminal of the battery is connected through a fat red wire to the under-hood fuse box, where all the different circuits branch out. The negative terminal battery is connected through a fat black wire to the body of the car (and the engine block). The headlights, taillights, and everything else has its negative terminal connected to the body of the car at the nearest convenient point, and the current flows through the body of the car to complete the circuit to the battery.

How much current does the starter motor draw from the battery when you start the car? A lot! Say, 200 A on a cold morning -- maybe more. 
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Now imagine that that fat black wire becomes dislodged from the negative battery terminal, perhaps due to improper tightening or corrosion. 
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Now the circuit looks like this. The radio still works, but the current flowing through everything else, including the starter motor, has lost its return path back to the battery.

Or has it? Actually, the starter motor is still connected to ground. There is a path through the car body to your radio antenna, then though the antenna feedline to the chassis of your radio, and then through the radio’s power cord back to the battery. So now the starter’s 200 A of current is flowing through your radio’s wiring, which isn’t nearly robust enough to carry 200 A. At best, you have just destroyed your radio and antenna feedline. At worst, your car is now on fire.
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What’s the solution? Fuse both sides of the cable that delivers power to the radio. The fuse should be larger than the current drawn by the radio, but low enough that it will blow if the main battery cable becomes dislodged.
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If you have inline fuses in all your equipment cables, you can use inexpensive Powerpole distribution blocks like this in your equipment racks. I used these when I wired up the equipment racks in the MAIPN van.
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Presentation Notes
… but I have also made my own, very inexpensively. After soldering all the connections, I file down any sharp edges and wrap the assembly with multiple layers of good-quality electrical tape: Scotch Super 33+ electrical tape..
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• Put inline fuse in positive lead




