The Paper Rocket

Building rockets from scratch encourages more creativity from students.  Gathering various materials and adapting them to the plan outlined below can be challenging and fun. Allowing students the freedom to make their own design rather than using constructing kits increases learning, interest and student success.   
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There are only a couple design rules to follow to ensure success.  First, the weight must be forward.  The egg is a necessary component in this plan and the egg must be at the head of the rocket. Also, as part of the weight forward stability, the rocket needs to be fairly long.  An egg launcher less than 12 inches long is likely to make everyone jump for cover.  The second component necessary for stability is to have greater surface area at the rear of the rocket; put large fins at the back of the rocket. Similar to an arrow, the arrowhead can be heavy, and the fletching wide. The shorter the arrow is the wider the feather fletching can be.  
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Stable Design
Stable Design ?
Unstable Design
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Another stable design for chalkboard antics:


Making a body tube:

To make a wrinkle free body tube, you will need a very flat table and a straight rod.  For paper, use butcher paper, book covers, and any sort of available paper, that measures 8 ½ X 14”.  For rolling rods, use ½ inch PVC pipe, dowels, broom handles, etc.  For best results use 19mm(3/4 inch) aluminum lab support rods.  Make one tight wrap of the paper around the tube, then spread glue evenly over the rest of the paper.  Slowly roll and smooth the paper. Be sure that the paper is not glued to the rod.  Let it dry on the rod overnight.  The body tube will warp if taken off before dried.  Toilet roll tubes or paper towel roll tubes are not much use because they do not hold the engine.

Fins

The basic fin design made from a file folder is shown below.


Put the fold on the Leading Edge



Close trailing edge with a little glue 




Spread slightly on Root Edge

Make 3 or 4 fins.  Fins are one part that students can create their own personal design.  Cut closed legal sized file folders in half, length-wise, refold and rub the crease smooth with the side of a marker.  

Each student gets one creased piece of folder to make his or her fins.




File folder



Cut 1/3 up from fold

Makes three of these




To mark the outside of the rocket in equal parts for gluing fins, cut a small square piece of paper so that it just makes one circumference around the tube. Remove it from the tube and fold it into thirds like a business letter.  Mark it along the folds, wrap it back around the tube, and make marks on the body tube. 

Using four fins is much the same, just fold the paper into quarters.



Hold the body tube along a door or window molding and draw a straight line up and down through each of the marks.  


Make sure the students keep the fold for their leading edge and open the root edge a little so the fin doesn’t become floppy.







Tips on Gluing

Use only water-soluble white (Elmer’s) or carpenters glue.  Hot glue is too messy and heavy.  Apply glue sparingly on the fins.  It’s best to wipe on a tiny bit, let it dry a little, and apply a little more and let it dry a little again.  Then press the surfaces together and hold for a couple of minutes.  If it doesn’t stay, too much glue is used..  

To make gluing fins on a little easier, cut some thin strips of corrugated cardboard with a paper cutter.  Slide them into the root edge of the fin to provide more surface area for gluing.  Thin strips can be used as ribs in the fin to make it even stiffer.

Let the fin dry overnight.  Apply white glue liberally along the joint of the fin and body tube to form a fillet.  This will fill any gaps, smooth it over, and make the joint even stronger.

Engine Blocks

The most common sources of failure of the rockets happen because of a poorly secured engine. The simplest way to and most secure method of holding the engine into the bottom of the rocket is to glue it in. This may seem a little permanent, but most student rockets will fly just once.  Even if the engine is to be glued in, an engine block should be installed.  

Form an engine block by cutting a ½ in (1cm) wide strip of corrugated cardboard about 2 inches (5 cm) long.  Roll it around a pencil, and trim the length so it forms a donut that will slide up into the body tube.  Apply plenty of glue (with the end of a pencil) about 2 inches up inside the body tube, and slide the engine block up by pushing it in with an engine.  It is important that the glue is dry and the engine tight in the bottom of the rocket before launching.  Otherwise, two things may occur.  The engine will shoot up through the stationary rocket, smashing into the nosecone, spraying egg all around. If the block holds and the engine is loose, when the ejection charge explodes the engine will pop out and fail to push out the nose cone with the parachute.  This will really splash the egg all about as well. 


Parachutes

Here’s a quick method for making a small ‘chute.  Grasp the side of a brightly colored plastic bag and pull it out.  Cut the part that is pulled out to create a rough circle.  Open and smooth it flat.  Then refold the plastic bag into eight parts.  Use sharp scissors to cut it straight.  Open it again and you have an octagon.  Wrap four turns of kite string around outstretched hands held about two feet apart.  Cut the strings into equal lengths.  Make a loop on each end and tape the loop to the corners of the parachute shroud. Use regular cellophane tape for best results.


Grasp the top again.  Pull the strings to equal lengths, and tie off the parachute with a figure eight knot.  Tie the parachute to the nose cone with a half dozen rubber bands.  Don’t attach the parachute to the rocket body.  The rocket body should be unstable without the nose cone and tumble back softly to the ground.

Just before launching, pull the parachute out of the rocket, rumple it up and stuff it back into the rocket.  Tightly folded and wound up parachutes do not open well.  A little talcum powder helps to keep the plastic from sticking together. For effect, add a couple of tablespoons of powdered Tempura paint to the parachute before inserting it into the rocket.

Launch Lug

Tape two one-inch pieces of plastic straw to the body.  One near the fins and one about 2/3 the way up.

Nosecone

Judge students as to how much direction they require.  It’s most fun if the students come up with their own designs.  Students have encased their egg in Jell-O.  (Interesting idea, bad results.)  Old shampoo, mineral water, or soft drink bottles perform pretty well.  

The real challenge comes on how to fasten the nosecone to the body tube.  Here are some ideas that work most of the time.  (After all, it’s no fun if all the eggs survive.)  

Find some plastic Easter eggs or buy two of the larger “gum ball” containers for the two hemispheres.  Next, attach the cork.  Wine corks are usually a little large and must be tediously sanded down to fit into the ¾ inch body tube.   Make a deep slit in one end of the cork with an Exacto knife, squirt in a little white glue, and insert a paper clip.  Hot glue the other end to the bottom of the plastic Easter egg or “gum ball” container.  Pad with cotton, bubble wrap, or other cushioning material, especially on the bottom.  The egg is more likely to break on the way up than the way down, so pad the bottom well.


Plastic Easter Egg
Hot Glue      Cork    Paper Clip                       Rubber Bands


Tips for Success

KISS.  Keep It Simple Silly/Stupid.  Students often want to make wild and amazing rockets.  Calculations using the VCP and wRasp program require straightforward rocket designs.  Weird stuff is hard to analyze. Lead students away from making large nose cones that may change the center of pressure and make the rocket unstable.  If students make a larger nosecone, encourage them to balance it with large fins or a longer rocket body. 

Dark colored, gold, or silver paint work best.  Gold and silver work well because they cover easily and dry quickly. Roll up a piece of paper into a tight cone and stuff it into one end to hold the rocket for painting. 

Bring tape to the launch pad. Tape loose fins; launch lugs, and even nosecones back on with cellophane tape.

Have students decorate their “eggonaut.”  Put it in for measurements but keep it in the refrigerator until the launch.  Occasionally someone will try to slip in a hard-boiled egg. 

Take special care not to break the wire on the ignitors.  Insert them just before putting the rocket on the launcher.  

Here are some photos that may help with your questions:
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The basics for making a parachute and nose cone.  Discard the bottoms of the gumball containers.   Attach the cork with looped rubber bands to the parachute
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Here are a few veteran fliers.  The little blue rocket at the top has lifted a dozen eggs over the past several years. Note the placement of the launch lugs. 
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