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INTRODUCTION TO F2D
JAKARTA , 4 DECEMBER 2012

___________________________________________________________________

Combat for model planes is like a dogfight. There are two people flying planes at the same time, each attempting to cut a streamer off the tail of the other. The pilots (us!) control the planes, which makes it a lot more fun. Some people use radio control (RC Combat) and some people use control lines (CL Combat). While this website is devoted to CL Combat, there are are several sites out there for RC Combat.       

In a circle laid out over grass, two pilots fly models that have strings with paper streamers attached to the tail. The object is to cut the opponent's streamer with your propeller (while keeping your plane in the air). Points are awarded for cuts on the opponents streamer and for time in the air.
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The models are usually a bare minimum: a wing, with the motor pod on the front and a tail attached to a boom. European models tend to be made of balsa, with a foam leading edge, while most American models are made of foam, with a carbon fiber tail boom. They are at the extreme in simplicity, maneuverability and durability. Although they are strong enough to often survive ground hits at full speed, there is considerable carnage in mid-air collisions during a competition. To get through a contest, you typically have to bring about half a dozen planes, plus a few engines.     

The high rate of plane destruction leads to the other unique aspect of combat. Active flyers are pretty much forced to become mass consumers or mass producers. While some people will buy many of their models ready to fly, many people still build their own planes. The techniques used for efficient production of their planes is an interesting study in itself.

EQUIPMENTS
MODELS

Need many pictures, great and small, illustrating the variety of planes and all the important details.
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A "Ron Columbo Fast," from Mejzlik

The lastest Force, from GRS.

[image: image4.jpg]


[image: image5.jpg]



An old Monoboom, by Mike Hoffelt. Barry Baxter has a picture and plans for a 1/2A Monoboom.Here's Mike Hoffelt, building an updated 1/2A Monoboom, intended for Cyclon power.And here are Larry Driskill's latest LiteHawks, also intended for Cyclons.
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Another golden oldie, the Matador.
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Part of Charlie Johnson's collection

Mike Willcox, building a fleet of planes before the Bladder Grabber

ENGINES
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MEASURING POWER

To achieve best results (speed), we try to run our engines at the RPM that gives the highest horsepower. Typically, this is achieved by selecting a prop that allows the engine to achieve this RPM for your given airplane. But first you need to know the target RPM.

We can compare two engines on the bench by running them with the same prop (or perhaps a range of props) and measuring the RPM for each run. For example, I once tested one of my Fox Mk 6 engines, using an APC 7.8 x 6, cut down to 6.8 inches. On this particular day, it ran about 22,700 rpm. Using the same prop on a Jett 36, I observed it running about 24,000 rpm. Using the equation

P = Cp x R^3

(where P stands for Power absorbed by the prop, Cp is a coefficient dependent on the prop, and R is RPM), we can do some algebra to show that my Jett was

Cp x 24000^3   24000^3   

------------ = ------- = 1.18

Cp x 22700^3   22700^3

times as powerful (or a 18% improvement). Notice that using the same prop in both tests allows us to ignore the value of Cp. Using a second equation

T = Ct x R^2

(where T is the thrust produced by the prop), we find that the Jett (running this prop) would be producing about 1.12 times as much thrust as the Fox and, since speed varies with the square root of the thrust, we could expect about 1.057 times the speed (perhaps 119 mph for the Jett versus 113 mph for the Fox).

Of course, a single measurement doesn't tell the whole story. To fully understand the performance of an engine, we need to test the it over a range of RPMs. One approach is to use an inertial dynomometer which can do the complete test in a single run. If you don't have such a beast, you can do several runs, using a range of calibrated test props.
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A calibrated prop is simply a prop where we know D and Cp (the diameter and the coefficient of power). Given those two values, we can measure the RPM the engine gets with the prop, do a little math, and we'll have the power for that RPM (ideally, you would also pay attention to temperature, altitude, and humidity). And by using a range of calibrated test props, we'll be able to get the power over a range of RPMs.

And how do we get a set of these calibrated props? Apparently Kavan used to sell such a thing, but you'll probably have to make your own -- which leads us back to using a dynomometer.
PROPELLORS
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Suppliers, sizes, balancing.                      A prop balancer, made by Dubro
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This is a pitch gauge. You can use it to help you accurately set the face pitch of your props at different radii. Prather builds a popular unit, but it seems generally unavailable. This one is built by Edmunds Engineering. You can buy one from Darrol Cady.
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The prop works well at any temperature, moisture and atmosphere pressure.
The prop is able to keep up to 35,000 rpm
Prop diameter - 163 mm
Weight - 8 grams
All F2D props are well balanced
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Here's a picture illustrating a problem with APC props. The shaft holes are drilled off center! Luckily, the molded hole is correct and can be used as a reference when drilling out the hole for a Nelson.

GLOW PLUGS
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The plug on the right is a standard glow plug; the one on the left is a Nelson plug. Notice they are different sizes.

· The standard plug is threaded 1/4" x 32 TPI.

· The Nelson plug is threaded 11/32" x 32 TPI.

Needs 1.2-1.5V to glow
Note also that the Nelson plug doesn't have a washer -- this is significant. The standard plug seals at the washer, allowing combustion gasses to invade the space around the threads. The Nelson plug seals at the bottom of the plug, where the little taper seats in a corresponding taper in the head. The result is more rpm, i.e., power :-) As a bonus, Nelson plugs have the reputation of being quite robust. They're also reasonably priced.

Of course, Nelson engines use Nelson plugs; but many other engines use Nelson plugs too. Furthermore, Henry will convert the head of your favorite engine for you.

GLOW DRIVERS
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Here's the glow driver Howard Rush built for Paul Walker's B-17 stunter. We don't need quite this much for combat. Indeed, for normal operations, Paul simply uses 3 D-cell alkalines, soldered together in parallel. This lasts him for an entire season of stunt flying (which is a lot of flying).
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Electrically, a glow plug is just a resistor. A Nelson HD plug seems to have a resistance of about 1/3 ohm. A McCoy #9 is a little higher - about 0.4 ohms. When we put a voltage across one, power is converted to heat. How much?

     V^2

W = -----

      R

In words, the voltage squared divided by the resistance in ohms gives the power in watts. So, applying 1 volt to a Nelson plug will produce 3 watts. Furthermore, Ohm's Law

     V

I = ---

     R

says that the plug will draw 3 amps of current (where current is traditionally represent by the letter "I").

However! The resistance of a glow plug varies with its temperature: When the plug is cold, the resistance is lower (this is true for most conductors). For example, when I squirt fuel on a glowing Nelson plug, simulating a severely flooded engine, the resistance drops to about 0.2 ohms, or even lower. This is a lucky circumstance, since it allows our plugs to draw more power (about 5 watts in my little experiment) and work to burn off the excess fuel more quickly.

Adding an ammeter in series will show you how much current the plug is drawing (expect around 3 amps, normally). It's useful because it shows when the plug is blown (the current will drop to 0), or when there's a flood (the current will rise), or when there's a short (the current will be very high and the meter will go off the scale).
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You can get a Shurite 8203Z panel meter for $13 from Allied Electronics. Beware that nitro will melt the plastic crystal, so cover it with Fascal or something similar. You may be able to do a lot better at your local surplus outlet.
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The schematic above illustrates another consideration, the battery's internal resistance. The ideal battery would have an internal resistance of zero ohms. Alkaline D-cells are on the order of 0.1 ohms, and the old Carbon-Zinc are much higher. Why do we care? Well, the internal resistance tends to limit the available current. The higher the resistance, the less current we can draw. Let's do some examples.

First, let's consider shorting the battery, so that all the voltage is dropped across the internal resistance. With an alkaline D-cell, we see 1.5 volts dropped across 0.126 ohms, implying 12 amps (and 27 watts, ouch!). Adding a glow plug with a resistance of 1/3 ohm, we'll see 1.5 volts across 0.46 ohms total, implying 3.26 amps. Measuring at the plug (across points X and Y), we'll only see 1.09 volts, which is fine (3.26A x 1.09V => 3.5W). Now let's flood the engine, lowering the resistance of the plug to (say) 0.15 ohms. The voltage across the plug drops to 0.82 volts, the current rises to 5.4 amps, and the power rises to 4.45 watts, which helps to burn off the flood.

Now let's consider a NiCad. A NiCad cell has a lower voltage (1.2 volts) but a much lower internal resistance (perhaps 0.01 ohms). If we short it, we'll see something like 120 amps, implying 172 watts (double ouch). Adding our plug, we'll see 1.17 volts across the plug, 3.5 amps of current, implying 4 watts. When we flood the engine, the voltage across the plug drops a little, to 1.125 volts, the current rises to 7.5 amps, and the power goes up to 8.4 watts. So! Even though NiCads nominally have a lower voltage, they're better for our application (driving a low resistance plug) because of their very low internal resistance.
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Of course, the wires connecting the battery to the plug contribute a little more resistance to the circuit. For best results, we'd prefer those wire be short and heavy, which is why the little orange clip-on drivers work so well for ordinary applications. For combat though, we need the wires to be fairly long. These sorts of considerations led to the development of the Electronic NiCad.

As a final example, consider the GloBee Fireplug (no longer manufactured). This was a compact little package incorporating a 2-volt battery, an ammeter, and dropping resistor. The battery was a sealed lead-acid X-cell, with astonishing low internal resistance (0.0035 ohms, which implies a kilowatt of power if shorted). They can be charged quickly and easily, and they will retain their charge for a long time. In other words, great batteries all around and deservedly popular. But what about that dropping resistor? This is simply a resistor that appears in series with the glow plug to drop the voltage so the plug doesn't melt (2 volts across 1/3 ohm would be 12 watts). Some people use a 0.22 ohm resistor here. Let's see how it works.

If the dropping resistor is 0.22 ohms and the plug is 1/3 ohms, the voltage across the plug will be 1.2 volts and the current will be 3.6 amps. The plug will emit 4.4 watts, which is fine, and the dropping resistor will emit another 2.9 watts. Now let's flood the engine. The plug's resistance drops to 0.15 ohms, the voltage across the plug drops to .81 volts, the current rises to 5.4 amps, and the power drops to 4.37 watts. Hmmmm! It's particularly ironic to see people using this approach with 10-gauge wires and a battery the size of a beer can. To be fair, they're able to handle floods by using some sort of variable resistor -- when the engine floods, they turn the resistance down.

Of course, all my numbers are approximate, since individual glow plugs, batteries, and wires will vary. Indeed, there may be mistakes in the arithmetic. Nevertheless, the conclusion is accurate:

Strive for very low resistance for all parts of the circuit outside the plug.
And if you see the competition using a big battery with a dropping resistor, congratulate them on their foresight. You might even ask them where they bought their battery. Don't snicker!

GLOW CLIPS
In most classes of combat, points are given for airtime; therefore, it becomes important to get the engine started and the plane in the air as quickly as possible. Typically, one of pit crew will hold the plane while the other starts it (and the pilot must wait patiently in the center of the circle). Before the start of the match, the crew will have set the needle valve, perhaps while demonstrating the shutoff, and topped off the fuel. During the countdown, the glow driver will be attached to the plug. At the horn, the engine is started in a single flip (hopefully!), the glow clip is removed, and the plane is released.

Because of the time pressure, using an ordinary RC-style, snap-on NiCad driver is a bad idea. You don't want to put your fingers near the prop and you don't want any delay. So an old-fashion clip is required. Here are some ideas.
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The clip shown above is made by Sullivan. By reversing one of the metal bits, it will fit a 1/2-A engine. Notice the rubber band to ensure a good grip and the broken plastic body.
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Here's another commercial unit, called the "Magnum." This one apparently works well, though it needs a few modifications. 
Pat Willcox suggests:

1. Start with stock Magnum clip, part #237448 from Hobbypeople.

2. Cut off the bottom to approx 1/4" (so it will not accidentally go up the exhaust port and ruin your piston or liner).

3. Recut the "V" shape. I use a Dremel with a large "cut-off" disc to do these first two steps.

4. Before grinding down the Brass cap, I use a 3/32" drill (approx) and make a "cavity" where I want the top of the plug to fit in securely. You sort of have to put the clip on the engine and then duplicate the natural angle the brass cap is fitting on the top of the plug. Only have to drill a small amount.

5. Now I use a sanding disc or a grinder and grind the brass cap to approx 1/16" remaining. BTW, I have several clips where I have not thinned the brass and they work plenty good.

TANKS

Introduction

For Fast, FAI and ½-A Combat, and many forms of Super Slow Combat (indeed, wherever they are allowed), bladder fuel systems are used almost exclusively. They are cheap, simple, reliable and rugged. They will also feed fuel in the most violent of maneuvers.

However, not much has been written of them. Once in a while, one comes across an article in a magazine that explains how one goes about making a bladder fuel tank, but for the most part beginners are shown by example.

In the US, bladder tanks have traditionally been made out of pen bladders. These were used in old style fountain pens, and, as you can imagine, are pretty much nonexistent in this day and age (but see The Pen Sac Company, suppliers) In Europe, the "pacifier" tank was used (though before 1974 or so, everyone flew diesels and used metal tanks). The pacifier tank was, indeed, a baby pacifier with fuel tubing coming out at one end. I remember, when I first started flying Combat, combing the various drugstores and department stores, looking for cheap baby pacifiers. And when you could find them inexpensively, you had to take them apart, which for obvious reasons was not very easy. So, modern-day versions of the "pacifier" were not pacifiers at all, but were 1 or 2 cc latex pipette bulbs, which you had to get through a scientific supply house.

The pacifier tank and the pen bladders had one advantage - they are relatively "low pressure" systems, which makes setting needles relatively easy. However, they do have a tendency to burst, especially when they have been in use for a while.
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An old-fashioned pen bladder
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Bladder tubing

The modern-day equivalent to the pen bladder is latex tubing. Latex tubing comes in a large variety of diameters and wall thicknesses. It is inexpensive, and is comparatively durable (though burst bladders do occur now and then).

½-A bladders are naturally smaller than Fast bladders, so buy the appropriate size of latex tubing. The inside diameter determines the free inflated diameter, and the wall thickness determines the operating pressure. For Fast Combat, most people prefer tubing with a ¼" i.d. and a 1/16" wall. This is the typical high pressure bladder. Some people prefer a thinner walled bladder (usually ¼"x1/32" wall, or 3/16"x 1/32" wall), which puts out less pressure. This makes setting the needle a little easier. Thin walled bladders tend not to last very long, however, and do tend to break much more often.

1/8"x 1/32", or 3/16"x1/32" tubing is normally used for ½-A bladders.

Shelf life concerns

Rubber tends to deteriorate over time. Sunlight and fuel, and even ozone in the air are enemies of rubber, and latex is particularly vulnerable, since it is unvulcanized (or lightly vulcanized). The amber colored stuff is particularly hurt by UV radiation in sunlight. Black latex is better protected, but is apparently less resilient in general (I remember quite a few people using black latex tubing having problems with bursting bladders). The new, colored latex tubing is better protected against UV and does not have the problems with bursting that plagued the black tubing.

Assembling a bladder tank

A bladder tank is made up of 6 parts - the fuel tubing, something inside the fuel tubing to prevent it from collapsing, the bladder tubing, an end plug and a couple rubber bands (see diagram).
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Use appropriate fuel tubing. Good fuel tubing will have a small enough diameter to tightly grip the needle valve, be stiff enough to be easily put on the needle valve, and flexible enough to be easily pinched off.

Some of the best tubing I've found was the thin-walled neoprene that Bear Manufacturing used to sell. It was soft enough to pinch off with your fingers, and would last practically forever. I keep reusing the same lengths again and again, after removing the bladder tube and washing in water and detergent. Unfortunately its not available anymore. Most neoprene tubing you find in hobby shops is way too thick-walled for this use. You can use silicone tubing, but it is very prone to tearing. If you have a burr on any metal tubing, or the fuel fitting, you'll likely end up with broken tubing.

I used to use brass or aluminum tubing inside the fuel tubing to keep it from collapsing when the bladder is assembled. These days I use aluminum pop rivets (remove the sharp "spike", though). If you can get them, ¼" to 1/8" tubing adapters can be found. The bladder fits into one end, and the fuel tubing into the other. I've seen them in auto parts stores, and Core House sells them. Pop rivets are a lot cheaper, though.
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For the end plug, a lot of people use fired .22 LR shell casings. Unfortunately, brass tends to react with nitromethane and will turn green. It then releases lots of verdigris, which can do nasty things to your needle valve settings. Chromed shells (like those you get with CCI Stingers) might be better, or better yet, the aluminum CCI Blazer cases used for, oh, .25 ACP. Bud Bodzioch uses plugs made out of pieces of very large O-rings. Some people simply tie a knot in the end of the bladder, but that works best with small tubing sizes (such as used with ½-A) and wastes tubing. Perhaps the best end plugs would be aluminum aircraft flush rivets, but I haven't been able to find a good source of these. In the picture above, we're using a .22 pellet.

I use rubber bands to hold the bladder together, and there are quite a few who use wire. Some people use small cable ties, but I've never been able to get those to work.
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Bladder pinch-offs

It is of supreme importance that there be a means to shut off fuel flow when the motor isn't running, or when you need to turn off the motor in a hurry. Over the years I've seen this accomplished in many ways. Some people use hemostats, bulldog clips and other means to squeeze the fuel line shut. This has drawbacks - the needed tool may not be within easy reach when you need it most, they tend to get lost, etc. etc. There is also the danger that the tool may slip and end up in a running prop, with disastrous consequences.

[image: image39.jpg]ez
\\\\\\\\\\\\\\\\\\\ \\\\\\\\\\\\\\\m\\\\\\\\\\\\\\\ [ \\n m\\nn‘uu‘\m\m\‘nupuy‘nuwn/nwqu,
54





Small clamps that stay attached to the airplane or on the tubing are a lot safer and handier. Simplest to obtain is the large size Perfect line clip (the dumbell-shaped variety). Thread the fuel tubing through one of the big round ends. To pinch off the line, slide the clip over the tubing so that the narrow part of the clip holds the tubing shut. Some actually cut off half the clip (you only need one half of it) or bend the unused portion at a right angle to the other half to get better leverage.
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A similar clip can be made out of a cotter pin glued to the engine mounting lugs.

I have personally been using polycarbonate IV tubing clamps. Not only can they be used to shut off fuel flow when the motor isn't running, they can also be used to shut off fuel momentarily during the starting process.
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Bladder housings

Bladders have to be attached or housed in the model somewhere. The traditional method was to use a "rocket tube". "Rocket tubes" are lengths of cardboard tube embedded inside the leading edge of (usually) the outboard wing. The most common tube used was the Estes BT-55 (1.134" o.d.) for Fast Combat and BT-50 (0.959" o.d.) for ½-A. Estes charges way too much for these, but there are alternative sources. Usually, you paint the inside of the tubes with polyurethane, then sand it when dry. Then the end caps (usually 1/8" balsa) are glued on. This is a real pain, so alternative bladder housings are often used.

The simplest is an oval hole cut into the foam wing, coated on the inside with silicone caulk, and covered with plastic. The plastic covering is usually held on with a bead of epoxy. After trying this for a while, I noticed two things. First, its often hard to get the covering to stay attached. Second, some bladders tend to develop aneurysms when used in this kind of housing. Bladders last longer when constrained to somewhat less than their full, free expanded diameters.

Ed Bryzs uses the so called "Bryzs Bladder" method. The bladder has a wire loop on the fuel tube end and a large rubber band attached to the plug end. The wire is tied to an anchor (usually Ed uses a motor mount lug, as he uses a radial mount for his motors) and the rubber band is stretched to attach to a peg near the rear of the wing. The bladder is completely exposed to the elements. While this works very well, a burst bladder can mean a lot of fuel sprayed all over the place.

Some people use golf tubes. Though relatively inexpensive and light, they are somewhat smaller in diameter compared to the rocket tubes and require a longer length to accommodate the same amount of fuel. The end caps are the ends of Kodak film canisters welded to the tube using a soldering iron.

Lately, I've been using tubes made out of drafting mylar. Roll the mylar (acetate would actually be cheaper, and better, perhaps) on a form - a 1 ¼" dowel, perhaps (I use Aerotech 29mm high-power rocket motor mount tubing, which yields a tube with an o.d. of about 1.25"). About 2 layers is adequate. Use some thin cyanoacrylate under the last inch or so of mylar to seal the edge. Then wrap some filament tape around the tube in a spiral. This will keep the tube from coming apart if the glue fails. Remove the tube from the form, and use thin CyA to seal the inside edge. The caps are then glued on (I use square scraps of 1/8" balsa, applied to the ends using liberal amounts of CyA. After the glue sets, I trim the cap to shape with a knife and a sanding block). I make the hole through which the bladder fits using a conical grinding stone on my Dremel. The smaller drain hole (underneath, towards the far end) is made with a smaller grinding tool, again on the Dremel.

[image: image42.jpg]



To cut the hole in the wing core (my tubes actually go behind the spar rather than in front of it) I use a tool made from a length of drainpipe. They sell sections of pipe meant to fit under a sink. They are 1 ¼" o.d. Sharpen the inside edge, using a grinding stone on a Dremel tool. If you keep the edge sharp, it will cut better. Some time ago I made a jig (its got two pieces of wood maybe 2 inches apart, with 1 ¼" holes the appropriate height off the surface) to guide the tool. Wipe some talcum powder on and inside the drainpipe tool, and you'll find it cuts much easier and straighter, with less effort. Push it in with a twisting motion.

If the plug of foam does not want to come free when you pull the tool out, use a hobby knife to cut through the outside of the wing in the appropriate place to release it.

How to use bladder tanks

The first step is filling the bladder. Most of us use 2 ounce syringes. You can get these from SIG at inflated prices, from a friendly neighborhood large animal vet, or from a Farm and Fleet. Phil Cartier sells special tips that fit at the end of the syringe that makes inserting the tip into the fuel tubing easier. Alternatively, you can press-fit lengths of 3/32" brass tube into the tips (this works best with "Monoject" brand syringes).
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Notice the little sheet-metal screw inserted above. This will prevent the plunger from coming out of the end. This can save lots of time when fumbling through a pit stop with fuel-covered fingers. It could also save your eyes.
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The end of the syringe is a male Luer connector. In this case, it has a locking ring. The little adapter tip is a female Luer to 1/8" barb adapter. You can get Luer parts in nylon from Small Parts.

Bladders have to be "trained" to fill from the far end. The easiest way is to fill the bladder with air, gripping around it with your fingers, except for the last inch or so near the far end. The bladder will inflate in this section. Clamp off the fuel tubing, and leave the bladder inflated like this for about 2-3 minutes. A well-trained bladder and proper filling techniques can make all the difference between having 4 ounces of fuel on board or 2.
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Wear safety goggles, or glasses. With bladders, there is always the danger of squirting fuel.
Insert the bladder as far as it will go into the rocket tube. The end of the bladder should be within a half inch of the end of the rocket tube. This sometimes means that almost the entire length of the fuel tubing will disappear inside the airplane. That's OK, because the bladder will grow in length as you fill it and the fuel tubing will reemerge. Attach a filled syringe to the fuel tubing. Start by sucking out what air is in the bladder. This will eliminate air bubbles. Fill the bladder with one syringeful of fuel. Clamp off the tubing. Fill another syringe, and insert the tip into the fuel tubing. Be ready - the fuel will try to force the tubing off the tip, and the plunger out the back of the syringe. If either happens, expect to get drenched with fuel, which can be a messy, if not excruciatingly painful experience. Unclip the fuel line, and depress the plunger to add additional fuel. Do not overfill the bladder - overfilling causes "false pressure". Your engine will go lean once some fuel is used up and the false pressure is gone. You can more or less learn to sense false pressure through the force exerted on the plunger.

Clamp off the fuel line, remove the syringe and attach the end to the needle valve. If you do not already have a needle setting, do the dribble test. Hold the plane slightly nose-down and unclamp the fuel line. Watch the fuel coming out of the venturi. Adjust the needle valve so that the right amount comes out. This, of course, varies with the size of the motor. A .36 Combat Special will require the fuel to fall from the venturi in an unbroken stream for about 2 inches. After a while you will get good at this. Clamp the fuel line off again.

Prime the motor. Attach the glow-clip. Remove the fuel clamp, but squeeze off fuel flow using thumb and finger. Crank the motor, and when it runs on the prime, stop pinching off the fuel. The motor should keep running if the needle is set fairly close. If the motor runs very rich and is in danger of quitting, pinch off the fuel several times momentarily as you adjust the needle valve. If the motor runs lean, open the needle valve. You will find that the needle valve will be a lot more sensitive than when suction tanks are used. Usually, only 3-4 clicks separate a too-lean from a too-rich setting.

The right needle setting on the ground isn't always the optimum setting in the air - many motors will unload in the air, causing a perfect needle setting on the ground to be too lean in the air. When I first started flying Combat (around 1984 or so) everyone was setting motors very rich. These days most people will launch with a very slightly rich needle. Perhaps it was the props in general use at the time. In any case, the degree of the problem will depend on the motor, the fuel, the propeller and the model.

If the motor quits (the model crashes, the plug blows, whatever) shut off the fuel flow unless you want a massively flooded engine.

FUEL SHUT-OFF
In the US, recent AMA rules require that planes used in combat have fuel shutoffs (if they fly faster than 75 miles per hour). The shutoff must kill the engine if the lines are cut. These new rules have inspired a rush of innovation as builders sought to develop cheap, reliable, and robust shutoffs.
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These pictures were taken by Howard Rush at Riverside. They're a couple of interesting homebrew designs, both relying on line tension to keep the fuel line open.
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The picture above is a home-built design by Mel Lyne. Simple enough? Below is a similar approach by Mike Rule.
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The picture below shows a particularly engaging combination of a swing-arm shutoff (with the swing arm removed) and a line-pull shutoff.

Notice that neither shutoff is functioning!

PIT BOXES
Here are pictures of a wide variety of field boxes seen at the most recent Bladder Grabber. In addition, be sure to check out these examples of European pit boxes. Tres bien, oui?
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Additional 

Successful combat has a large logistical component. Most people use checklists to help remember everything they need for a contest (or even for a fun day of sport flying). When preparing your own, it might make sense to have several lists, for different purposes. For example, here's a list for a pit box:

· Spare engine, with prop already mounted

· glow-plug wrench

· glow plugs

· finger shield, chicken stick

· spare NVA

· CyA (super glue or hotstuff)

· hot stuff accelerator

· microballoons

· syringes

· bladders

· hemostat

· X-Acto knife

· spare prop nut and washer

· wrench for prop nut

· props (reamed to fit shaft, balanced)

· 3/32" Allen wrench (for 4-40 bolts)

· spare shutoff, maybe

· spare stab, maybe

And this list might be used for a larger box of support gear:

· 4-40 hardware, all sizes

· line clips, lines, handles

· fascal (sticky-backed covering material)

· glow plugs

· head shims

· log book, pen

· tail weight

· tip weight

· needle nose pliers

· screwdrivers

· nut drivers

· bladder-making supplies

· fuel line, fuel filters

· epoxies

· spare glow clip

And this list might include everything else you might want to bring along:

· earplugs

· sunblock

· aspirin

· sun glasses

· first-aid kit

· hat

· after-run oil

· tach

· thermometer

· paper towels, windex

· trash bag

· fuel

· chair

· tent

· water

· ground cloth

· planes
FINGER SHIELDS
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Pat Willcox adapts a work glove, with duct tape and popsicle sticks for extra protection.

Buzz Wilson uses a special-purpose glove.
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Here's how you wear it.

Buzz uses different sizes of shield for different sizes of engine. There's a version for lefties too.
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STOOGES
Sometimes we can't even find a buddy to fly with, much less practice combat, so we need a device, a stooge, to hold the plane while we run out to the handle, then release it on demand.

Here's an example by Mike Brandt. Notice the little slots and drawers to hold various launching paraphernalia.
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These are pictures of Buzz Wilson's stooge.
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It's built from the "shuck" leftover from the wing core.
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The stooge holds the plane firmly while it is started and the pilot runs out to his handle. To launch, the pilot pulls the plane towards him by the lines.
The cord leading away from the outboard wing to the ground anchors the stooge against the initial pull during launch.
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PLANE RACKS

Here's a plane storage rack I put together recently, copied from a design by Howard Rush.
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This one holds eight planes, but can obviously adapted for most any number.

Howard build his with more ground clearance, so there would be room for a tool box underneath. Mine's relatively short, so that the rack (with planes) will fit in my little station wagon.
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On Howard's version, the vertical members (between the wings) were a lot shorter. Luckily, none of this is too critical. These views illustrate the parts more clearly. There are only 3 kinds of parts, all available from Home Depot.

1. the PVC pipe,

2. the press-fit T-connectors, and

3. some insulating foam.

I simply pressed mine together. For a sturdier assembly, the PVC parts should be glued.

[image: image87.jpg]SBLI0 WSS "¢




[image: image88.jpg]



Here are two more examples by a famous combat flyer who's been dabbling in the dark arts.

He deliberately makes the lower braces at least 16" long so that he can suspend a rack full of planes from a couple of hooks in the wall.
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Here are 2 views of an elaborate rack that Howard Rush uses to store planes up between the floor joists at the top of his basement. It can be unhooked and lowered for more convenient access.
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Mark Rudner recently moved to a new apartment and had to reorganize. He picked up this rack (orginally intended as a rolling double clothes-hanging rack) from a local hardware store.

HANDLES
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STREAMERS

                                PLASTIC



   ( CREPE PAPER – 9TO 95 gr )
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