BUILDING YOUR OWN LAUNCH SYSTEM AND LAUNCH PAD
Basic Requirements for Any Launch System

A rocket launcher consists of two components: (1) an electrical system, usually called the “launcher” that provides electrical current; (2) a launch pad, which holds the launch rod (or rail) and permits us to adjust the direction of the rod/rail before flight.

Any launch system must meet three basic tests: (1) it must deliver enough electrical current to start the motor. This normally means it must start the igniter, which then starts the motor; (2) it must have some means of being “safed”, so that someone cannot start the launch while another person is preparing the rocket; (3) it must guide the rocket until it has attained enough airspeed that its own guidance system (e.g. fins) are capable of safely guiding the rocket.

NAR SAFETY CODE

The National Association of Rocketry (NAR) has a Safety Code for Model Rocketry. The Safety Code has some sections that reference the launch system.  We want to be certain that our launch system meets the code requirements.  Here are the relevant sections.

Ignition System. I will launch my rockets with an electrical launch system and electrical motor igniters. My launch system will have a safety interlock in series with the launch switch, and will use a launch switch that returns to the "off" position when released.

Launch Safety. I will use a countdown before launch, and will ensure that everyone is paying attention and is a safe distance of at least 15 feet away when I launch rockets with D motors or smaller, and 30 feet when I launch larger rockets. If I am uncertain about the safety or stability of an untested rocket, I will check the stability before flight and will fly it only after warning spectators and clearing them away to a safe distance.

Launcher. I will launch my rocket from a launch rod, tower, or rail that is pointed to within 30 degrees of the vertical to ensure that the rocket flies nearly straight up, and I will use a blast deflector to prevent the motor's exhaust from hitting the ground. To prevent accidental eye injury, I will place launchers so that the end of the launch rod is above eye level or will cap the end of the rod when it is not in use.

The NAR Safety Code has been in place for over 30 years, and has resulted in a rocketry hobby that is safer than any high school sport.  It is imperative that our launch system follows the code!  Now, let’s go into more detail about each requirement, and how we can build a simple and effective launch system.

Electrical Systems for Launchers

How Does It Work?

Our launch system must deliver enough current to ignite the motor.  Now you ask: “how much current do we need?”  This is a good question.  Commercial igniters like the Estes “Solar” igniter or the Quest “Tiger Tail” need about 1.5 amperes (or “amps” for short) of current, applied for at least one full second, to reliably start a single rocket ignition.  Commercial igniters get red hot when large amounts of current are applied, because they are made of nichrome. Nichrome has two properties that make it an ideal igniter:  (1) it has a high resistance to electrical flow; (2) it does not melt until it is very hot—about 2000 degrees Fahrenheit (OF).  Nichrome doesn’t want to let electrons pass through it.  When we supply a large current, we force the electrons through the wire anyway.  The large numbers of electrons means there is a high resistance to electrical flow and this creates lots of friction, which is given off as heat energy.  The wire gets red hot!  This red hot wire then ignites the pyrogen (heat-producing compound) that coats the wire.  The pyrogen “flashes” as a small flame and starts the motor.  Actually, you can start model rocket motors with just the nichrome wire (no pyrogen). This is a handy trick if you run out of igniters—keep a few inches of nichrome in your flight box and make a substitute igniter.

Don’t forget: we need at least 1.5 amps of current to ignite one rocket motor.  But what if you want to fly a rocket with three motors?  You would need 4.5 amps of current (1.5 amps x 3 motors = 4.5 amps)!  Once we decide how many motors you might want to ignite, you are ready to create a launcher to meet our needs.  Next, we need to decide what type of power supply we need to launch our rockets.  Commercial launchers use anything from two AA batteries (3 volts) up to two R/C battery packs (14 volts), and everything in between.  Let’s discuss the importance of voltage and wiring when designing a launcher.

Voltage and Resistance

We need some theory here to understand how voltage and resistance affect our launcher (this is also good to know if you are in the 4H Electric Project).  Here is the standard formula which relates voltage, resistance, and current.

V = I X R

Or 
I = V/R   (alternate form)

Where V = voltage in volts


I = current in amps or amperes


R = Resistance in ohms (()

Let’s plug in some numbers and see how voltage and resistance make a difference.  Let’s say we want to make a launcher that is really portable, so we want to use two AA batteries. Wired in series, they produce 3 volts.  Let’s also assume our launcher, battery clips, and wiring have a total resistance of 2 ohms.  How much current can we deliver? Using the first formula:


V         = I          X R   


3 volts = I amps x 2 ohms


3 / 2       = I 

1.5  = I



I = 1.5 amps


NOTE: in this case, the alternate form is actually simpler to use

So, with this launcher and a 3 volt power supply, the most current we can supply is 1.5 amps, just exactly enough to ignite a single rocket motor.  Well, what if we used a 6V lantern battery?


6 volts = I amps x 2 ohms


6 / 2    = I

3 = I



I = 3 amps

Moving up to a 6 volt power source now gives us the ability to reliably ignite one motor, perhaps two. Now, let’s use the battery in our car (12 volts).  How much current can it give us with this same launcher?


12 volts = I x 2 amps


12 / 2    = I

6 = I



I = 6 amps
Wow! Our car battery will ignite three motors (4.5 amps) with a little power to spare!  These examples make a point:  using the same launcher, we get twice as much current if we double the voltage.  This is why a car battery works much better than your AA batteries.  Now, we could create a 12 volt system using AA batteries, but we would need eight batteries, wired in series, to deliver the same voltage as our car battery.

The previous example used the same launcher with different batteries.  However, there is another way to deliver more current to our igniter.  What if we could create a launch system with less resistance?  Let’s pretend that we have our two AA batteries, but we have a launcher that has only one ohm of resistance.


3 volts  = I amps x 1 ohm


3 / 1      = I

3 = I



I = 3 amps
Remember, in our first example with two AA batteries, our launcher only delivered 1.5 amps. Now, with our new launcher, we can deliver 3 amps—twice as much current—with the same batteries!  So, how do we lower the resistance?  There are three ways to do it:  (1) choose materials that are better electrical conductors; (2) use larger wires, switches, and contacts; (3) shorten the length of your wires, where possible.  For example, copper is a much better electrical conductor than aluminum, so copper wires are more desirable if we want greater current.  Look at the following table.
	Wire Gauge (AWG)
	Copper Wire

Ohms per 10 feet of wire
	Aluminum Wire

Ohms per 10 feet of wire

	12
	0.01588
	0.089

	14
	0.02525
	0.138

	16
	0.04016
	0.221

	18
	0.06385
	0.350

	20
	0.1015
	0.556

	22
	0.1614
	

	24
	0.2567
	


One thing to explain first of all about the table is that wire size is measured in AWG or is just simply called “gauge” by electricians. The funny thing about gauge measurements is that the bigger the AWG number, the smaller the wire. So 12 gauge wire is much bigger than 24 gauge wire.

Notice that copper wire has about five times less resistance than the same size strand of aluminum wire.  This is because copper is a better conductor than aluminum. Also, notice that 18 gauge copper wire has 50% more resistance than the same length of 16 gauge wire (0.06385 / 0.04016).  This is because bigger gauge wires have less resistance than small gauge wires. So, if we want to deliver more current to the launcher, we would use the largest practical piece of copper wiring we could get.

The world is full of trade-offs, and launchers are no exception.  We could buy a roll of 12 gauge copper wire, but it would cost nearly $25 dollars for a 50-ft length.  In contrast, we could buy a 50 ft, 16 gauge extension cord at a superstore for about $8.  Which would you choose?  If the 16 gauge extension cord gives enough current to ignite the number of motors you need, why spend the extra?  That’s why you need to be able to determine how much current your launcher needs, and then buy what you need.

Selecting a Launch Switch

In addition to the type, gauge, and length of wire, you also need to select the right type of switch for your launcher.  The NAR Safety code requires a launch switch that returns to the “OFF” position when not pressed.  In electrical terms, it is a momentary switch. It only closes the circuit while you push it.  This gives a margin of safety, because only the action of a person will cause it to launch.   In addition to some type of momentary action, your switch must be rated to handle the amount of current that your launcher can deliver.  In some of our calculations above, we had 12 volt launchers that could deliver 6 amps.  So, we need a momentary switch capable of handling at least 6 amps.  Be careful:  some momentary switches cannot handle more than 1-2 amps!  You can find momentary switches at electronics companies and automotive stores.  In fact, some of the best switches are available at auto stores. They can handle loads of 15-30 amps at 12 volts.  These switches are more expensive (say, $10-15) but you will never launch enough rockets to wear them out.  

The Safety Key (or Safety Interlock)
Another NAR safety requirement is a “safety interlock” that is removable.  Why removable?  The person walking to the launcher can take it with them. This prevents accidental ignition of the rocket motor while the rocket is still being prepared or while everyone is not safely away (15 to 30 feet) from the launch pad.  The interlock has to be designed so that when removed, nobody can ignite a motor.  There are many ways to make a “safety key” as they are often called.  Some people use an electrical key lock.  They work well, but they have one drawback: if you lose the key, you have to go back to the vendor to replace it.   My favorite safety key is made from a ¼ inch phono jack and matching connector. If I lose the key, I can buy one at any audio store and make another in a few minutes.  The diagram below shows how to wire up the phono plug so it behaves like a switch. Once the wires are connected, slip the barrel over the wire and screw it down and you are done!  There are lots of electrical connectors that could be made into safety switches (e.g. Molex, RCA, banana plugs). Just so long as it is a removable component that interrupts flow of electrical current when it is not in place and meets the voltage/amperage requirements of your system.
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Wiring a phono switch to use it as a safety interlock

Launch Wire Length

We have discussed the way that wire gauge affects the amount of current that reaches a rocket, so now we need to answer the question, “how long does our wire need to be?”  Remember, the Safety Code requires a length from the nearest person to the rocket of at least 15 feet for motors up to D, and at least 30 feet for motors larger than a D.  If you use an external battery (for example, car battery) you will also need a length of wire that will stretch from the launcher to the battery.  For maximum flexibility, figure on 50 feet of wire to go from battery to launcher, and from launcher to pad.   One of the best wires (and least expensive) are the “medium duty” extension cords at most stores (Wal-Mart, Home Depot, Lowe’s).  These cords have 16 gauge wires and are less expensive than buying a 50 foot length of 18 gauge “zip wire”.  Cut the cord where needed, add clips, and you have a set of wires that deliver large amounts of current at the least cost to your pocket.

Electrical Clips

To connect the wires from the launch system to your igniter, user either: (1) small paper clips—yes, they will work; or (2) small alligator clips.  Most people use alligator clips.  If you can find them, the best clips are either stainless steel or cadmium-coated steel (cost $2-3 per pair).  Copper clips are the least desirable.  These clips get covered with residue from the rocket motors, which is very corrosive.  To preserve the life of your alligator clips, clean them after each use with steel wool or sandpaper, then spray with a light oil, such as WD-40 or sewing machine oil.  Even at that, expect to replace them every 2-3 years. To replace, just cut them off and attach a new pair.
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Sample Alligator Clips for Igniters

(Mueller Electronics)

To connect your battery to the launcher, use a set of large automotive battery clips.  They are available at Wal-Mart, Radio Shack, and automotive stores, and cost $1.50-$4.00 for a pair.  Since these don’t get coated with rocket exhaust, an occasional covering of WD-40 will keep them from corroding between uses.  These clips should last 10+ years even under heavy use.
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Sample Large Clips for Battery Connections

Sample Schematics for Launchers

We are now to the heart of the matter: designing a launch system that will deliver enough power to light one or more motors.  In addition to a system that launches a rocket, many people like to add other features, like a “power” light, or a continuity light to indicate that the igniter is connected and passing current.  Since everyone has their own preference, we will diagram the basic launcher, then show extra features.

· Variation #1:  A basic 12V launch system
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This is the simplest launch system that meets Safety Code requirements. Using a 12 volt battery, it will give you quick, reliable ignition.  If 14-16 gauge wiring is used throughout, it is also capable of handling clusters of 2-4 motors.  The momentary switch can be any switch that returns to “OFF” when you stop pushing on it.  The key switch can be a real key switch, or use the “phono plug” approach we discussed earlier and make your own.

· Variation #2:  Adding a Continuity Indicator

	
[image: image7.wmf]+

-

Momentary

switch

To Battery

To

Launch

Pad

Safety

switch

500-1000 ohm

Resistor

LED

alternate

path for

wire

typical path

for wire




On the diagram above, notice that we are focusing strictly on the launch box—the rest of the launcher is the same as the simple one shown in the Variation #1 diagram.  
Notice the resistor and LED (light emitting diode) side circuit.  This added circuit lets a very small amount of current go around the launch switch and through the LED, making it light up when there is a current flowing through the igniter clips and the igniter. The amount of current that flows is no more than 20mA: enough to light the LED, but not enough to ignite the motor.  The idea of the side circuit (your continuity indicator) is to be used as a pre-check to ensure all the electrical components are hooked up properly and in good working order before you ever attempt a launch.  If the light is OFF, you will never get a good launch because your continuity indicator is telling you no current is being delivered. No current means you have an interruption in your circuit, usually caused by one of the igniter clips not being properly connected or being too dirty. If the LED is ON, you usually will get a good launch. The light is telling you that you have an uninterrupted circuit path. 
Remember, an igniter can occasionally burn through without igniting the motor. Also if the igniter clips touch one another, you will get a good continuity check but the igniter will probably not fire. If you have a cluster of motors, it will light if any one of the igniters is connected (but not necessarily all), so be careful with clusters!

You can buy LEDs at electronic stores like Radio Shack.  They are priced from 10 cents to $4 each, depending on your need.  The amount of light they produce, luminosity, is rated in milli-candles (mcd).  More mcd means a brighter light. You buy LEDs with at least 500-5,000 mcd, since the launcher is used in daylight, and the sun makes it hard to see a dim LED.   The resistor is added to reduce the amount of electrical current flowing through the LED. Most LEDs cannot handle more than 20 mA (that’s 0.020 amps) of current. If we did not slow down the current with the resistor, one of two things would happen: (1) we would burn out the LED; (2) we would pass enough current to light the motor!  Almost any ¼ or ½ watt resistor will work, if it is somewhere between 500 – 1,000 ohms.  You can buy resistors anywhere you buy LEDs, and they cost perhaps 10 cents each.

The continuity indicator, as wired in the Variation #2 diagram, will not work unless the Safety Key is put into the launcher.  If you want to be able to test continuity without inserting the safety key, change the wiring: on the diagram: move the side circuit wire on the right side of the momentary switch farther down to the right side of the safety switch (see dashed line in the diagram).  This allows current to flow through the LED without a safety switch.

NOTE ON LEDs:  A basic launcher does not care which wire is positive or negative—the igniter gets hot either way.  However, an LED is a diode—it only lights if the current flows the right way.  The first time you install the LED and test it, it may not work because it is turned the wrong way.  Turn it around and do your test again.  Also, you need to make sure you hook up your wiring the same way each time, so the LED will work correctly.  Label your battery connections and you should not have a problem.

· Variation #3: Launcher with Continuity and Power Indicator
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A power indicator is just one more special feature to tell you whether your battery still has charge. Adding a power indicator is like the continuity indicator except where you place the wires.  The power indicator is wired so it will light if the positive and negative wires have current.  It is not affected by anything happening at the launch pad. Use the same type of LED and resistor.  It is a good idea to label the LEDs or use different colors, so you can tell them apart on the launch field.

Launch Pads

Purpose of a Launch Pad

The launch pad has three major tasks to perform: (1) it permits us to choose the starting direction of the flight, aiming the rocket; (2) it protects the ground from the hot blast of flame as the rocket leaves the pad, preventing us from starting a grass fire; (3) it directs the rocket’s flight until it is moving fast enough that the rocket’s guidance system, the fins, can keep the rocket on its flight path.

A launch pad consists of: (1) a base to hold everything, and aim the rocket; (2) a blast deflector to protect the ground and prevent ground fires; (3) a launch rod or rail to start the rocket on its flight path until the fins can guide the flight.  Let’s address each of these components:

Pad Base
The launch pad base can be made from wood, plastic, metal, or anything else for that matter.  As a rule, the heavier the rocket, the heavier the pad.  You want a pad that will not tip over as the rocket leaves the rod (or rail).  You also need some place for the blast deflector to rest.  You can buy commercial pads anywhere from $10 to $500 (or more), but for model rockets you can build a sturdy pad for $10 or less.  PVC pipe is easy to cut and makes nice launch pads. Put a 4-way connector in the center, and add 4 legs. If you want it off the ground, add an elbow and a short piece of pipe, and you have a good launcher for less than $10. It can be assembled in less than an hour.  You can find the plans for such a launcher, called the “plumber’s delight”, on rocketry web sites.  Another sturdy launcher can be made from a pine 2x4, cut to form a large letter “T”.  Use wood screws to screw the boards together and you’re finished.  To adjust the flight path of a simple launcher like these, put a board or a brick or a rock under 1-2 of the legs.  
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Simple Launch Pad

This entire pad is made from one 4ft length of 2x4, cut at 30

inches from one end.  Add a steel or brass launch rod, a ceramic

flowerpot base or electrical outlet cover for a blast deflector, and

you can create this launcher is less than 1 hour, for less than $10


If you want to build a “fancy” launcher with the ability to tilt the launch rod, get creative: how about drilling several holes, at different angles, into the launcher.  Place the launch rod or rail in the hole with the proper angle.  If you have access to a welder, you can design launchers with swivel heads. One clever launcher uses a launch rod in a billiard ball, wedged inside a wood “clamp”.  Build a launcher base to suit your preferences!

Blast Deflector
The blast deflector prevents fires by deflecting the exhaust away from the ground.  Anything that does the job will work: large food can lids, saw blades, electrical box covers, grinding stones, ceramic tiles, flower pots and even “mold your own from Plaster of Paris” have all been used.  Just drill a hole near the center for the launch rod/rail to pass through and you’re in business.  The ideal blast deflector is 5-12 inches across.  Large glazed ceramic tiles (if drilled with a tile/glass bit) are great, and cost less than $1 each.  You can even cut a tin can in half, fold the halves, and make a great deflector.  The ultimate deflector would be a large stainless steel plate, but be prepared to pay $15-25 at a machine shop or hardware store for such an item.

Before the launch, coat the deflector with a lightweight oil like WD-40 and the exhaust debris will not stick to the deflector. After the launch, clean the deflector and coat it with oil if it is metal.

Launch Rod/Rail
The launch rod keeps the rocket going straight until the fins can guide the rocket (at about 30+ feet per second).  Model rockets use a 1/8” rod, usually 3 feet in length.  Heavier rockets (4-8 ounces) use a 3/16” x 3 or 4 ft rod, and large model rockets (8 ounces to 3 lbs) use a ¼” x 6 ft rod.  When building your own pad, it’s a good idea to build it for the 1/8” and 3/16” rods.  The easiest way to do this is drill two holes—one for each size of rod.  To buy inexpensive rods, go to a hardware store.  You can buy steel rods or brass welding rods for $1-5 dollars.  If you want the best, get a stainless steel rod, as they are the most corrosion-resistant.

Launch rails are much heavier than rods and are often shaped like a letter “C”. They do a better job, but they cost a lot more, $50 and up.  However, rails handle rockets that weigh 5 to 200 lbs.  You attach, handle, and clean a rail just like a launch rod.  Rockets built for rails use rail buttons, which slide up through the C-shape in the rail during launch.

After each launch, clean the launch rod/rail with steel wool and give it a light coat of WD-40 or any other oil to prevent corrosion while stored. Wipe off the oil before launching, as it gets sticky during storage.

To prevent accidental eye injury, it is best if you have a removable plastic cap to place on the end of the rod while it is being transported and while in storage.
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