Parents—Please Donate Materials for the CVSA Catapult Project!!!
INTRODUCTION: I am writing this letter on behalf of all of Mr. Cegielski’s 6th grade history students.  My students are currently studying about ancient Roman history.  Their main project, to be worked on AFTER Winter Break, is to build Roman catapults and medieval trebuchets of different sizes! 
LEARNING GOAL: This project will require students to make cross-curricular connections by fostering their use of historical, mathematical and scientific skills.  Hence, I will be collaborating with Mr. Floodeen and Ms. Sigman on this project.  Moreover, this project should receive a lot of positive media attention for our school!  Project completion is scheduled for the end of January, 2009.  
SAFETY WILL BE MADE PARAMOUNT ON LAUNCH DAY!!! There will be plenty of adult supervision. More details will be made available as this date approaches.
PARENTS, PLEASE READ OVER THE PROJECT REQUIREMENTS FOR THE DIFFERENT CATAPULT PLANS included in this packet….
· Obviously, we have a need for a lot of wood of different sizes, glue, nails, string and rope, weights, hammers, and other such tools.  Just read over the different plans… 
· I do not anticipate that the students will be using power saws at CVSA.  If such large pieces of wood need to be sawed, this should probably by done at home under close adult supervision.
· I would love to have the students build catapults of all different sizes, especially the 8-foot long Annihilator catapult!  But this all depends on donations from you.
Please, help make this a memorable learning experience for our students. Whatever little you can donate, from now through the 2nd week of January, will be much appreciated.  The students are really looking forward to this and they will thank you.

Sincerely, Mr. Cegielski
Catapult Plan 
http://www.stormthecastle.com/catapult/free-catapult-plan.htm
The Catapult Plan - this plan shows the layout and design of the Table Top Troll Catapult. It is an easy to make catapult that is powered by rubber bands and has a base that is twelve inches (12") in length. This is a pretty easy project to make and you can do it in a couple of hours. It is quite poweful and of course the power is dependent on the rubber bands you use. I recommend you screw and glue all the parts together for maximum strength. Of course everything is just recommended and you should feel free to modify anything you like and substitute anything for the parts you have available. 
The Catapult Plan is located on the next page:

This Catapult Plan is the plan that accompanies the tutorial on how to make a catapult. The tutorial takes you through all the steps, complete with lots of pictures, on how to make the table top troll catapult. You can find the assembly tutorial here: The Table Top Troll Catapult. (There is also a video of the table top troll catapult firing off)
About the Catapult Plan
There are a couple of things I want to point out about the plan:
· The Red Marks are screws or nails and glue. This shows how the different parts of the catapult are affixed to each other
· Dotted Lines - if you are not familiar with blueprints the dotted lines represent parts that are behind other parts. 
· The Stopping bar - There is a wooden cross piece on the catapult where the arm hits up against after you release it. This bar affects the trajectory of the projectile you fire. If you want your projectile to go in a higher arc then move this stop bar down; and of course if you want a lower trajectory on your projectile then bring the stop bar up. 
· The Pivot Bar - I used the axle from a toy car and it worked great. When installing the pivot bar insure it is high enough up so the swinging arm does not touch the table or floor. 


Here is the Catapult Plan:
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]
What do you need to build this catapult?
Parts List: You don't need a whole lot of parts or tools to make this catapult and this is just a suggested list and these are the parts I use to make the catapult in this tutorial. You can fudge and replace lots of the parts. If you are creative there is a whole host of parts and things you could use instead of these parts. As you can see though it is pretty basic and you don't need a lot to build a basic catapult. 
 
parts in the picture: 
· 3 pieces of wood 12 inches long
· 8 pieces of wood 6 inches long ( two of these pieces have the ends cut at 45 degree angles - I will explain more about these. 
· An assortment of small screws and/or nails 
· 1 large rubber band or several smaller ones
· 2 eye hooks (to the right of the rubber band
· Some glue (optional but a good idea) 
· 1 four inch square piece of cardboard or poster board (This is the basket that your projectile sits in
· 1 metal bar at least 6 inches long, I am using the axle from an old toy car (thats the wheels) 
About the metal bar from the axle: This is what I am using but you can use almost anything similar. This is going to be the pivot point for the catapult arm so you need something thin and strong. Here are some suggested things you could use: very firm coathanger wire - the cut off blade of a screwdriver, the metal bar handle from a bucket. Take a look at the close up of the catapult arm pivot on the left. See how it is going to be installed. So think of this and find some kind of metal bar for this. If all else fails you could even use a pencil or a pen. You would just have to drill a hole large enough for it to pass through. I used the axle from a toy car which works perfectly. So you may want to scrounge through your toy box to find one. 
That's pretty much everything unless you want to paint and decorate your catapult. So lets start on the tutorial and make one ourselves!
Let's Begin building our Catapult ! 
Let's begin the assembly of our catapult
First gather all your materials and then cut the wood into the required pieces. You can use almost any size wood and I used some scraps of wood that are 1 inch by 1 half inch wide. Cut it into several pieces like this:
· Cut 3 pieces twelve inches long
· Cut 8 pieces six inches long
 
Now of the eight pieces you cut that are all six inches long cut two of them like the two in this picture. They are still six inches long but the ends are cut off at 45 degree angles. Make sure you cut the angles as shown.
 
 
 
 
 
Assemble the first side of the catapult just like this picture shows. I used glue and screws which is the best but you can improvise any way you want, nails and glue would be fine too. This is the support system for the swinging catapult arm so you want it to be sturdy enough to take a bit of a slapping of the arm against it. The line at "A" shows where the screw is. The line "B" shows the angle wood and the horizontal wood are about lined up on their ends.
Now build the other side but make it a mirror image of the first one. The two of them will look like this picture on the left. See how they mirror each other?
 
 
 
 
 
 
Now connect the two sides of the catapult together using the remaining four 6 inch pieces. The photo at left shows these four pieces. I used screws and glue to make it very strong. 
Note: The upright wood pieces (the two vertical ones) are on the insde of the catapult base. Don't build it with these on the outside. It is stronger this way and you can use a shorter piece of iron bar.
 
Okay, we are doing great and it is starting to look like a catapult:
lets continue on with the assembly 
Let's work on the catapult arm
Drill a hole in the catapult arm abou 1/2 inch from one end. . This hole should just be a little bit bigger than the metal bar you are using. 
Remember that I am using an axle from a toy car for my metal bar. I removed the bar from the wheels and the diameter of the hole I am drilling is just a little bit bigger than this axle. If you don't have a drill you could use a nail to punch a hole and gentle wiggle it until the hole is a good size. Drill your hole for whatever size bar you are using. 
Now put a hook about three inches from the other end of the arm. 
 


Now make the catapult cup by cutting and folding your 4 inch piece of posterboard or cardboard. then glue it to the end of the catapult arm. put it right up against the hook. This will close off the hook so you can squeeze the rubber band onto the hook and the cup keeps the hook closed and the band can't escape. there will be about an inch of wood sticking out past the end of the cup. This is perfect, it gives you something to press down on when firing the catapult. I used glue and a couple of thumbtacks to secure the cup to the arm. 
Now it is a real snap to assemble your catapult arm to the base. Simply push the metal bar through one upright, feed it through the catapult arm then push the bar right into the other catapult upright. This picture shows it complete. Put a dab of glue on the bar at each upright so it will hold tightly and if your catapult arm is a bit loose you may want to put a few wraps of tape on each side of the bar near the arm so it is held in the center of the bar. 
 
We are almost done building the catapult 
Let's continue and finish it up 
Here is where we are at right now. We are almost done. We just have to add another hook, put on the rubber band and then decorate it!
 
 

 


 
Put the other hook on the front of the catapult. The arrow shows where to put it. Then run a rubber band from that hook to the hook on the catapult arm. If you don't have a rubber band that is long enough you can tie multiple rubber bands together . Experiment with the length so you get some good spring action. 
Now don't forget to decorate your catapult. I painted most of it an old fashioned brown color and I painted the pivoting arm a light cream color. Of course I added the picture of the troll just for fun. And that makes it officially the "Table Top Troll Catapult!"
 
Here is the catapult in the ready to fire position. Notice the good tension on the rubber band. And notice how there is a little space to the left of the cup so you can put your finger and press down. 
Note: You can adjust the angle of the catapult firing by moving the horizontal stop bar either up or down. Just remove the screws and glue then move it down and the catapult will fire the projectile on a higher arc. 








The Backyard Ogre Catapult 
This is the Backyard Ogre Catapult
The base of this catapult is two feet long and the throw arm is about three feet long. It is made from 2x3's but you can make it from 2x4's also. It took me about two hours to make it.
This page is all about this catapult and how you can make one yourself.
Safety Note: This is a powerful catapult that uses a bungee cord as its power source. You must use safety precautions when building and using it! And you must absolutely wear safety glasses when firing it off. This is in case the bungee cord breaks. And never fire any type of solid object with it. I use balls of aluminum foil and it works just as well with a tennis ball. 
Tutorial and pictures on how to make this catapult coming soon. Bookmark and check back. 
 
See this catapult in action and learn more about it 
How to Build the OGRE Catapult
A Note about Safety Before Starting! Please use all safety equipment when building and using this catapult! It is very powerful. Wear Safety Glasses and follow all safety rules if you are using tools and power tools. This project should not be done by minors without the supervision of an adult. Please be safe and never fire the catapult at a person or at someones personal property. Never fire any hard projectiles from the catapult. 
 

Above is a picture showing all the parts needed to build the OGRE Catapult. I will describe them and tell you a little bit about them. Lets start at the left. You can see that there are some cut notches and some holes drilled in the wood. I will explain what these are and how to do them.
From Left to Right the wood: (All wood is 2x3) The longest one is not quite 2x3 because I used a scrap of wood that I had but you can use a 2x3. 
· 2 pieces each 7 1/2 inches long
· 3 pieces 14 inches long
· 2 pieces 24 inches long
· 1 piece 28 inches long
· 1 piece 10 1/2 inches long 
The extra stuff along the bottom:
· a cardboard cup (this holds your projectile)
· 2 large and strong eye hooks
· a bunch of long screws (you can use nails but screws are better)
· a bungee cord that is 24 inches long
· a broom handle, dowel or pipe that is about one inch thick and 12 inches long 
 
Okay, once you have these pieces of wood cut to length lets modify a few of them. This is the hardest part and once you have this done the rest of the catapult goes together very quickly and easily. We are going to cut two of the pieces of wood so we can form them into a joint like that shown below. It's not that hard. All you need is a handsaw, a chisel and some safety glasses and gloves. Making this joint is important because it will make your catapult much stronger. 

 
Okay, continue on and I will show you how to do this cut
Part 2: Let's Cut the wood to form our strong joint. 
Take one of your 24 inch long pieces and put a mark 3 1/2 inches from the end. This is your pivot hole. Drill a hole here that your broomstick or pipe will slide through. (Do this same process on both of your 24 inch pieces.)
Then make a marks at 5/1/2 inches and 8 inches. Draw the lines for this as shown in the picture. 

Now lay your saw flat on the wood and cut down at both the lines so the cuts go halfway through the 2 x3.

Now use a chisel and hammer to chisel out the excess wood. 

Repeat this process on your other 24 inch piece of wood.
Now lets do the two upright pieces. Do this process to two of the fourteen inch pieces. Only do one end of each piece! Mark a line 2 and 1/2 inches from the end and then cut down with the saw half way through the wood. Then chisel away the excess. Now this piece will fit nicely into the piece you made above. 

Now that you have cut the notch into the 24 inch piece and cut the notch into the 14 inch piece they should fit together nicely like this:

You still have one remaining 14 inch piece and that is ok. Do not cut a notch in that third one. We will custom cut that one later. 
Okay, Lets build this catapult!! 
Take your two 24 inch pieces and your two 7 1/2 inch pieces and screw them together as shown in this picture. Make sure that the notches you cut in the wood are on the outside of the assembly, not on the inside. Screw one of your big eye hooks into the end as shown. Make sure it is on the end nearest the slots and hole you cut in the long pieces. You can nail these pieces together but Screws are much better. Drill a pilot hole if you have difficulty getting the screws in. A pilot hole is a very thin hole drilled as a starter. It makes it easier for the screws to go in. 

Now screw the two upright pieces into place.

 
Now screw your 10 1/2 inch piece across the top of the two uprights. Make sure it is on the side shown. It should not be on the side nearest the metal hook.

Now take the final 14 inch piece of wood and custom cut the ends so they are at an angle then screw it directly in place like shown. 

This cut can be a little tricky but just carefully measure it by holding it up against the catapult and drawing lines on it. The piece shown here has already been cut at both ends with the right angle and just needs to be screwed in place. This piece is rathe important because it adds a lot of strength to the catapult. 
Okay, Lets build the swing arm and install it 
Now let's assemble the swing arm of this catapult and install it. We are almost done here. 

Take your 28 inch long piece and drill a hole in one end so your broomstick or pipe slides easily through it. It should be a loose fit so the swing arm will pivot freely. 
Make a small cardboard cup and staple it down to the other end. This the the cup that holds the projectile. You don't have to make a cup you could cut down a plastic cup so it is about 2 inches deep and staple that down. 
Now put your other eye hook onto the swing arm. Make sure it is nice and tight. 
Lets finish this up! Slide the broomstick through one end of the catapult, through the swing arm then through the other end of the catapult. Put a couple of screws in it to hold it firmly in place. Then attach the bungee cord and you are ready to go! 

I hope you had fun making this catapult and please be safe! Use safety goggles and never aim it anyone or anything. Remember to be conscious of the bungee cord and hooks. excessive pressure could cause them to snap. So be careful. 
Tips on making your Catapult more powerful.
The Bungee Cord is the most important thing so using different cords will change the strenghth or adding a second cord.
The crossbar is very important in that it sets the angle that your catapult fires off. You can adjust the angle of fire by lowering or raising the crossbar on the uprights. Or you can use thinner or thicker wood for the crossbar. 
The length of the swing arm also has an effect on how powerful the catapult is. Generally the longer the swing arm the more power you will get so try using a piece of wood that is longer than 28 inches. 
The pivot point (The hole in the swing arm that the broomstick goes through) is an important energy point. If it is too tight, or too loose it will absorb energy and decrease the efficiency of your catapult. Make sure it swings smoothly. And if you wanted to get real fancy you could use some kind of a bearing. I have made catapults using the axle of a bicycle for this pivot point. It really works well. 
Dr. Catapults "Annihilator"! 
This is one heck of a big catapult! 
Some Pictures of the Annihilator Catapult 
Here is a picture of "The Annihilator". It is eight feet in length and the swing arm is eight feet long. He is going to be tweaking it some more and expects to be able to launch objects up to 150 feet!. 
 
 
 
 
A side view of the Annihilator
One of the really nice things about this catapult is the wooden wheels with wooden pins. It makes it look very medieval and renaissance. Wheels also make the catapult more powerful because of the motion. 
 
 
 
 
 
A rolling pin is used as a way to avoid friction on the surgical tubes. 
 
 
 
 
 
 
 
Here is the sign that was mounted on it! 
 
 
 
 
 
 
 
 
Now it is loaded and ready for launch. 
 
 
 
 
 Some additional notes about how to make this catapult
Dimensions of the Catapult:
· Front to back the catapult measures 8ft in length
· It is 52" wide, the arm is 8ft. long and tower is almost 5ft tall.
· The wooden wheels are 18" diameter
Construction: The construction is primarily made up of 2x4 and 2x6 pieces of lumber. I also used large dowel rods for the axles and the pivot point for the arm. Additionally I did used a number of 3" long wood screws for the framing, arm, and upright structure.
The Power: It is powered by 7 heavy duty pieces of surgical tubing that are 1/2" OD diameter with 1/4" ID, and have a 1/8" wall thickness. Cut the tubing into 4ft lengths and pre-stress them when mounting them. The surgical tubing is capable of stretching over 5 x it's length which is similar to a rubber band. Bungee cords just don't stretch long enough. It is difficult to get them to stretch to double their original length. You can buy tubing I bought from Lowes, but it is small and very expensive (about $1.59 per foot) It is possible to purchase rolls of the larger tubing from medical supply companies, such as Graham-Field Health Products out of Atlanta.
The Wheels: Cut the wheels from a solid core wooden door and secure them to the axles with small wooden pins. 
The wooden rolling pin: Modify a wood rolling pin so that it rolled on a 3/8" metal bar and then created a small bracket. This rolling pin / pivot point allows the surgical tubing to stretch evenly as the arm/lever is pulled down.











Trebuchet Plan 
The Free Trebuchet Plan - this plan shows the layout and design of the Little Dragon Trebuchett. It is an easy to make Trebuchet with one moving part and is powered by a simple counterweight and has a base that is twelve inches (12") in length. The swinging arm is sixteen inches (16") This is a pretty easy project to make and you can do it in a couple of hours. It is quite poweful and of course the power is dependent on a few factors that you should experiment with like the length of the swing arm and how heavy the counterweight is. 
One big factor in the efficiency of the trebuchet is the location of the pivot point on the swing arm. The free plans for this project recommend you drill several holes so you can experiment with this factor. I recommend you screw and glue all the parts together for maximum strength. Of course everything is just recommended and you should feel free to modify anything you like and substitute anything for the parts you have available. 
The Free Trebuchet Plan is located at the bottom of this page:

If you came to this webpage directly from a link or a search engine: This Trebuchet plan is the plan that accompanies the tutorial on how to make a trebuchet. The tutorial takes you through all the steps, complete with lots of pictures, on how to make the Little Dragon Trebuchet. . You can find the assembly tutorial here: The Lttle Dragon Trebuchet (There is also a video of the Little Dragon firing off)
I have also put a larger version of this trebuchet plan on a clean webpage so you can easily print it out. Here
About the Trebuchet Plan
There are a couple of things I want to point out about the plan:
· The Red Marks are screws or nails and glue. This shows how the different parts of the trebuchet are affixed to each other
· Dotted Lines - if you are not familiar with blueprints the dotted lines represent parts that are behind other parts. 
· The plan points out the location of the pivot point. This is four inches (4") from the counterweight side of the swing arm. This is a location that worked well for my trebuchet but you may want to tinker with this. How heavy your counterweight is has an effect on this.
· The Pivot Point: is the axle from a toy car 
Here is the Trebuchet Plan:

Want to build a bigger, better, more powerful or fancier siege engine? There are some great books available to you. These books, available at Amazon.com, will help take your trebuchet or catapult building to new heights! Pun intended!

How To Build A Trebuchet 
Here are plans and pictures on how to build this medieval trebuchet. It is a siege engine that wreaked havoc in the middle ages and you can make this small 12 inch table top version with materials from around the house. Building this catapult-like weapon is easy and you can do it in a couple of hours. Without any tweaking or modifications this trebuchet launches a clay ball thirty feet. It is adjustable in several ways and you can build it to launch projectiles even further.   
What You Need 
The Recommended Tools for this project
	
	· Hammer
· Saw
· Screwdriver
· Pliers (needlenose)
· Wood Glue
· File 
· Scissors
· Drill and Bits 
· Sandpaper
· Cutters for metal 


Most of these tools are just recommended and you can vary the tools depending on what types of materials you use for this project. Here are some tips: Needle nose pliers are best for manipulating small parts but if you don't have any then any other type of pliers will be fine. The metal file shown in the center of the picture is recommended any time you work with metal - you should always file down cut metal so there are no sharp edges. The sandpaper shown is attached to a block; this makes sanding small parts easy and you should always sand every piece of wood you cut so there are no splinters. 

Miscellaneous items needed to Make the Trebuchet 
	
	· Heavy object (three different ones are shown on the far left) only 1 needed
· Small screws
· Small Nails
· 2 eyehooks
· wire or bread ties
· Electrical tape (or masking)
· 3 feet of string
· piece of cloth - 6 inches.
· Paints (optional) 
· 1 sheet of cardpaper -similar to cereal box (shown under the paints) 


About the miscellaneous materials: The counterweight is very important and you should find something as heavy as possible. You can use a chinese healing ball or other  items found around the house like batteries taped together, penny rolls taped together, a lump of heavy clay or even a rock. Special Note: You will also need a metal bar for the cross piece, which will be discussed later.
Wood Needed for the Project 
	
	· 1 16 inch piece
· 2 12 inch pieces
· 2 10 inch pieces
· 3 5 inch pieces
· 1 square piece of flat wood about 5-6 inches 


About the wood: The wood I used is about one inch by one half inch thick. You can be very flexible with this and use almost anything similar. You can cut strips of wood if you need to. The sheet of wood shown is important for strength and it is about one quarter inch thick but thinner would be ok. 
Okay! This is everything you need to make this table top Medieval Siege Weapon. Let's start with the building instructions. 
One of the common questions is about my counterweight. Seeing as I use a solid metal Chinese Healing Ball it makes quite a difference and not everybody has these. So to get an idea of how much one of these balls weighs I made up a little scale and weighed the ball with pennies. It comes out to 147 pennies. This gives you a good idea of what to shoot for with your counter weight. If you use three rolls of pennies your weight is about the same as mine. 
 
	Let's cut all the wood for our Trebuchet first.
Using your long pieces of wood cut these lengths:
· 1 - 16 inch piece; This is the swing arm
· 2 12 inch pieces; These are the long base pieces
· 2 10 inch pieces; These are the uprights
3 5 inch pieces these are the cross pieces that complete the base

	 
	 

	Now cut the triangle support pieces. This is easily done by cutting a piece of wood to a square about 5-6 inches on each side. Then draw a line from one corner to the other and cut across this line. It gives you two identical triangles. Shown in the picture at right is the square with the line drawn on it before cutting. 
	

	 
	 

	Build these two parts of the frame first. You should make these parts first because it will be much easier to assemble later on. Lay out one 12 inch piece of wood horizontally. Mark a line on it 3 inches from the left end. Place the ten inch piece of wood vertically at this mark. 
	

	 
	 

	Now carefully place the triangular piece on this structure and glue it in place. Put nails or screws in it to make it stronger. 
	

	 
	 

	Do this again for the other side of the trebuchet but.... You have to do the other side of the Trebuchet but it is a mirror image. Mark off 3 inches from the other side (the right end) of the 12 inch wood and this is where you put the upright ten inch piece and the triangle wood.
	

	 
	 

	Lets continue on to the next part Trebuchet build page 3 



	Assemble the Base and main frame of the Trebuchet Assemble the Base and the main frame of the Trebuchet. 
Here you add some crosspieces to the sides you already built. This easily transforms your pieces into something that actually looks like a trebuchet. If you use glue in this portion you can set it aside to dry while you are working on the swing arm.
  

	Take the two side pieces you just made and stand them up with the triangle pieces on the outside. Then glue and nail or screw the five inch cross pieces onto them (all three of them). It will look like the picture at the right. 
	

	 
	 

	Look at your new structure. You can see at the very top of the uprights, in this picture there are black dots. Each upright will need a hole drilled in it at this dot. They are one inch from the top. You don't know yet what size hole to drill.. You will be inserting a metal piece across here and through these holes. When you find the metal piece you want then you drill the holes about the same size. 
	

	 
	 

	Find a piece of metal bar that is at least five inches long. It has to be fairly strong to support the counterweight and the swinging action. Suggestions: A coat hanger might be ok, but some coathangers are too weak, make sure you have a very sturdy one. Or use the metal handle from a pail. You can even cut the blade off a long screwdriver and use that. Look around for something. 
	Do not insert the metal bar yet. You still have to make the swinging arm of the trebuchet. 

	Need a metal bar for your trebuchet? The axle from a toy car is perfect for this. Dig through the toybox and see if you can find something like this. 
	

	 
Let's Make the Swinging arm of the Trebuchet 


 

	Assemble the swinging arm 
  
	

	 
	 

	Take your sixteen inch piece of wood and insert a hoop hook in one end then make three marks. One three inches from the end, one four inches, and one five inches. Drill these as holes. Drill these holes just a little bit bigger than the metal bar you are using. You should be able to easily insert the metal bar and swing the wood around it smoothly.
	

	 
	 

	In the other end of the sixteen inch piece insert another hook loop as shown and also insert a nail into the end of the piece. It should be at a slight angle. After inserting the nail cut the head off or file it down. You will make a loop that has to slide easily off this so if it ihas a head it might get stuck. 
	

	 
	 

	Run your metal bar through one upright of the trebuchet then run it through your swing arm and finally run it right into the other side of the trebuchet. Important: The hookloop at the far end of the arm (yu cant see it here) should be on the bottom of the arm. Insure the trebuchet arm swings easily with no wobble and very little friction. It should swing nice and free. 
	

	 
	 

	Make your counterweight
Tape up your counterweight. You can use almost anything heavy but not too big, AA batteries, a stone or some other item.like rolls of pennies. If you are having trouble with this you can always just wrap a bunch of metal objects or coins in a plastic bag- it will work just fine. Keep the overall size of the counterweight to about the size of a tennis ball or smaller. Now just tape your twist ties or wire to your counterweight and then loop it through the loop in the swing arm and the counterweight is ready. You can make a twist tie loop and attach it to the ball. Then using a second twist tie, run it though that and then though the loop on the swing arm then twist it firmly, 
	

	 
	 

	 
	 

	We are almost done Now finish it up 
	 

	 
	






	Assemble the string and pouch 
  
	

	Cut two pieces of string at least 18 inches. You will trim this down later. Fold your cloth in half then tie each end with a string so it forms a nice little pouch. Take your time with this. It will come out fine. At the end of one of the strings attach a loop. More on this in next step. Shown here is a soft little clay ball for the projectile. Grapes work great and are safer. 
	

	 
	 

	I made my loop out of the metal from a spiral bound notebook, its simply one revolution, You can use wire or anything else that is thin yet strong. 
	

	 
	 

	Now attach your pouch to the arm of the trebuchet. It should be about 12 inches from the hoop shown here. The top loop will slide right off as the arm goes forward. This will allow the pouch to open and release the projectile. 
	

	 
	. 

	This string and pouch will rest right under the trebuchet so you need a little runway for it to ride on. I made a runway out of posterboard. Just fold up each side about one inch and then glue the runway right into the trebuchet. 
	

	Ok We are done! Now we can fire it off! Continue 



Let's Fire off the Little Dragon Trebuchet! 
  
Put the projectile in the pouch and lower the arm of the trebuchet Run the strings and pouch along the bottom of the runway they should stretch out nice and flat. When you release your finger the arm will swing around and the ball will be thrown forward.     . 

Some Tips on making your Little Dragon Trebuchet launch even further
· Put a heavier counterweight
· Move the pivot pin in the swing arm closer to the counterweight. Remember you drilled three holes in the swing arm? This change in location has a big impact on arm swing speed.
· Change the length of the string pouch. The longer the string the faster the projectile will go
· Important: Change the angle of the nail on the end of the swing arm. This angle determines when in the swing the pouch is released. The sharper the angle the later in the swing the pouch is released. So if your projectile is going too high toward the ceiling make the angle of the nail sharper. If your projectle is going toward the ground too soon lessen the angle of the nail 
· Make the trebuchet swing arm skinnier and lighter by shaving it or using a thinner piece of wood 
Remember to Paint your Trebuchet! It makes a big difference! 
Some More Tips on Making it better:
· The optimal weight ratio for counterweight and projectile is 133 to 1 so try to make your counterweight 133 times heavier than your projectile.
· Optimum distance is reached if the projectile releases between 40 and 45 degrees
· A lighter projectile will go faster but not as far
· Adjusting the hook forward will release later and cause it to go faster but not as far
· Adding wheels will add more power! The wheels add more power because as the counterweight falls the whole machine moves forward slightly to "meet" the fall thus giving you a more vertical drop leading to more energy being transferred to the throwing arm. 
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