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WATTS UP
by Paul Riseborough
BATTERY ADVANCEMENTS

The new Li-poly (Lithium Polymer) batteries are now appearing in a number of stores. Lithium cell technology is going to revolutionise electric flight endurance and performance, but they have a number of important differences from the NiCd and NiMH cells most modellers are used to.

On the topic of safety, the latest Li-poly cells are much safer than their Li-ion hard cased predecessors which were known to explode or catch fire if overcharged. However all high current cells should be treated with respect because a short circuit can start a fire regardless of the chemistry.

How are Li-poly cells superior to NiMH or NiCd? A Li-poly battery pack will deliver 3 times the capacity of an equivalent weight NiMH pack and about 6 times the capacity of an equivalent weight NiCd pack. A Li-poly battery keeps its charge for over twelve months so it can be kept charged until you need to use it.

How are Li-poly cells inferior to NiMH or NiCd? They take an hour to charge and currently cost nearly twice as much although prices are coming down as more manufacturer tool up to make them.

Are Li-poly cells the same as the Li-ion? Li-poly cells still use a Lithium ion chemistry. The main difference is that the electrolyte is contained in a polymer gel and this polymer with the electrode film on both sides is wound (or stacked with some smaller cells) to form the cell. Because of this construction no hard case is required and this combined with the gel electrolyte makes them much safer than early Li-ion cells with hard cases that were known to explode and/or spontaneously combust if over charged. When the latest Li-poly cells are abused, the metallised plastic film wrapper expands due to the generation of gas and you have an expensive silver ball. They will eventually deflate, but usually there is so little capacity left that the cell can only be thrown away.

How do you equate Li-poly and NiCd or NiMH cells? Li-poly cells deliver 3 times the voltage so each Li-poly cell is equivalent to 3 NiCd or NiMH cells

How do you charge Li-poly cells? Li-poly cells must never exceed 4.3 volts per cell during charging. It is the excess voltage that damages them more than the current. For this reason they must never be charged using a charger that hasn’t been designed specifically for Li-ion or Li-poly cells. Some of the early Li-ion cells used a slightly different chemistry and could only be charged to 4.2 volts, so if you purchase a cell, make sure you know what the maximum charge voltage is. The recommended way to charge them is to apply a constant 1C current (eg 1.2 Amps for a 1.2 Ah cell) until the cell voltage reaches the maximum. The voltage should then be held constant until the charge current has dropped to a trickle. This is the same way a lead-acid battery is charged and for this reason they can’t be fast charged and take 1 hour to reach 90% charge.

I know one electric flyer who is charging his E-Tech brand Li-poly cells at an initial 2C rate before reaching the voltage limit which speeds up the charge, but it’s too early to tell what effect this will have on their life.

What about Discharging Li-poly cells? Li-poly cells should not be discharged below 3V per cell for best service life. They can go as low as 2.3 V per cell without permanent damage for a single cycle, but if you do this to them on a regular basis, the cell life will be reduced. If the voltage drops too low, the cell can become chemically inert with the result that it can’t be reactivated. This means that the 5V motor low voltage cutoff on many speed controllers can only be used with a 2 cell pack. There are some new model speed controllers such as those made by Castle Creations in the US which allow the cutoff voltage to be adjusted to suit the requirements of 3 or 4 cell Li-poly batteries.

What’s the maximum discharge current? This depends on the make of the cell. The latest E-Tech Li-poly cells have been tested at discharge rates of up to 10C (That’s 12 amps for a 1.2 Ah cell) without any excess heating. The Kokam cells (this is the brand that is appearing in Australia stores) on the other hand are only good for 4C (4.8 Amps for a 1.2 Ah cell).

How many cycles do they last? Li-poly cells should provide at least 300 cycles provided current and voltage limits aren't exceeded.
Where do you buy Li-poly cells? The Kokam cells are now available through local retailers, but E-Tech cells are the ones to get and are available by mail order from http://www.aircraft-world.com/

Where do you buy Li-poly compatible chargers? A number of hobby shops are now selling a combo that includes a 2-cell charger and 2-cell pack for around $70. This is the cheapest charger available but is very limited as the current is not adjustable and it can only charge 2 cells.

The manufacturers of the popular SuperNova charger have just released a new model specifically aimed at flyers of small electric models. Called the Swallow this programmable unit will charge, discharge and cycle 1 – 10 NiCd / NiMH, 1 - 3 Li-poly/ion or 2 – 12V lead-acid batteries at charge currents up to 3 Amps and discharge currents up to 0.5 Amps. At $165 RRP it isn’t cheap, but if you are looking for a good charger for small electric’s this is the one to have.

SAFETY TIP

Don’t leave batteries charging in your car unsupervised. One flyer in the US was using Li-ion batteries and accidentally set the wrong peak voltage on his charger before leaving the charger and batteries in the car to charge overnight. The resulting fire burnt out his car and one corner of his house.
HOW MUCH POWER IS ENOUGH?

Let's look at how to calculate how much power a given electric model will require to provide the required performance and finish with a simple design example for a speed 400/480 size aerobatic model. The number of Watts of electrical power per Kg of total weight is the simplest way to determine how much power is required. This is known as 'power loading' and is expressed as W/Kg. How many W/Kg you require is determined by the level of performance? Watts of electrical power is simply equal to the product of voltage and current. For example an electric motor running on 8 volts and drawing 9 Amps is using 8x9 = 72 Watts of power. The required power loading can be determined by the following rough guidelines.

Power Loading

Typical Performance

50 W/Kg


Indoor model, low performance park flyer, gentle self-launch glider

100 W/Kg


3D indoor models and aerobatic park flyers

200 W/Kg


Lively aerobatics but not unlimited vertical

300 W/Kg


Prop hangs outdoors and vertical climbs become possible

400+ W/Kg


Unlimited vertical performance

STEP 1) Multiply the weight of airframe, with radio, etc by 2 to get the flying weight. The total weight of motor, gearbox, speed controller and batteries should be about half the total flying weight. For example if your airframe + radio + prop etc weighs 0.25 Kg, then the total model weight should be 0.5Kg.

STEP 2) Multiply the power loading by the weight. For example a 0.5 Kg model requiring lively aerobatics would need 200* 0.5 = 100 Watts of power.

STEP 3) Select a motor that can handle the required number of Watts. For example a speed 480 motor would be well within its limits at 100 Watts.

STEP 4) Divide the required Watts by the number of cells the motor can handle (Most cells produce about 1 volt under heavy load). For example, a speed 480 motor would run on eight cells with a current draw of 100/8 = 12.5 Amps.

STEP 5) Dividing the current by 15 gives a typical minimum sized battery capacity expressed in Ah. For example dividing 12.5 Amps by 15 gives a minimum battery capacity of 0.833 Ah or 833 mAh. A good cell for this application would be the AE size KAN 950 mAh NiMH cells which can handle up to 20 Amps.

STEP 6) Add up the weight of the power system and check against the weight allowance assumed in STEP 1) For example:

Speed 480 Motor with gearbox
100g

8 KAN 950 NiMH cells

168g

Speed controller


10g

Wiring and connectors

10g

Airframe



250g

TOTAL



538g

This is 38 g heavier than the budgeted weight so in this example, increasing the motor current draw to 13.5 Amps would restore the power loading back to 200W/Kg which is still within the limit of both the motor and cells.

Geared vs Direct Drive

One of the more frequently asked questions is when to use a reduction gear between the motor and propeller. Gearing enables a larger diameter propeller to be used, which normally results in increased thrust, but it also adds the weight of a gearbox and larger prop, increases cost and for power planes can require a longer and heavier undercarriage. Confusing the issue still further is the availability of ‘outrunner’ brushless motors which can directly drive large diameter props.

So why does a larger prop produce more thrust? 

The reason is that propellers produce thrust by adding energy to the air passing through the propeller area. This energy in turn causes the air passing through the prop to accelerate. The thrust produced by the propeller is proportional to the amount of air passing through it each second and the change in velocity. However the amount of power required is also proportional to the change in velocity squared.

The upshot of all of this is that the most efficient way to produce thrust is to change the velocity of a large volume of air by a small amount, which is equivalent to a large diameter propeller. The indoor free-flight competition aircraft are examples of this with very large (relatively speaking) diameter propellers turning at slow speed. The least efficient way to produce thrust is to accelerate a small volume of air by a very large amount which is what ducted fan and gas turbine jet models do. 

So how do we compare different motor and gearbox combinations? 

The answer lies in comparing the voltage constant (normally designated as Kv) at the propeller shaft. Lets compare a hot wind high RPM motor of 5000 RPM/volt with an ‘outrunner’ brushless motor of 1000 RPM/volt running off 10 cells (12 volts).

Without a load, the hot wind motor will turn at 5000*12 = 60000 RPM and because most motors turn at about ¾ RPM under max load, this equates to 45000 RPM loaded. This is much too high for any prop.

The ‘outrunner’ motor will turn at 1000*12 = 12000 RPM unloaded and under max load this will become 9000 RPM which is perfect for turning a large prop for aerobatics.

However if we add a 5:1 reduction gearbox to the hot wind motor then the voltage constant measured at the prop will be 5000 / 5 = 1000 RPM/volt which is identical to the ‘outrunner’ motor. Provided this motor is rated to the same current as the ‘outrunner’ motor it will then provide very similar performance.

What limits the size of prop?
The undercarriage length is the main limiting factor for most power planes, but maximum propeller pitch is another limiting factor. 

Take the example of an aerobatic aircraft with our 5000 RPM/volt hot wind 10 cell electric motor driving a prop through a gearbox. On the premise that ’more is better’ we fit a 10:1 gearbox to the motor and end up with 4500 RPM at the prop under load. The model needs to fly at 30 m/sec to fly clean manoeuvres, but as our prop is only turning at 75 revs/sec it means that we would need a propeller pitch of 1.33 * 30 / 75 = 0.53 m or 53 cm.  A much more practical gear ratio would be 5:1, which would require a propeller pitch of 26 cm.
