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Kit Contents 
Tools: 


½” X 6” X 16” Building Board (a piece of ceiling tile)  
Risers (2),  
Rib Cutting/sanding board 
Single edge Razor blade (1) 
Tee Pins (2 sizes  ea 1” &  1 ¼” 
Push Pins (6 ea) 
Emery Board (Fingernail board 1 ea) 
Crayon (wax 1ea) 
Clothes Pin Clamp 1 ea 
Plans  
CD containing plans, instructions, miscellaneous articles on rubber powered flight 


Materials 
1/16” X 1/16” X 16” Balsa (16 pcs) for rotor spars, ribs and “bump posts” 
1/16” X 1/16” X 4” Balsa (7 pcs) for practice cutting & gluing 
3/16” X 1/4” X 12” Balsa (2 pcs) Motor stick 
1/8” X 1/8” X 11/16” Balsa (4 pcs) Rotor Hubs 
1/8” X 1/8” X 1 1/4” Balsa (4 pcs) Bracing posts 
1/8” X 1/8” X 6” Balsa (1 pcs) Spare material 
1/16” X 1/4” X 1” Predrilled Plywood (2pcs) thrust bearing mount 
1/32” diameter Rear Rubber Hook (2 pcs) 
Wire Rotor shaft with plastic thrust bearing (2 pcs) 
Clay ballast 
Rubber (1 pc) 1/8” X 9.5 feet 


Items needed to build helicopter 
Waxed Paper (1 piece 12” X 16”) 
Glue stick 
Masking Tape 
Thread (2 pieces approximately 2 ft long) 
Glue (acetone based, white glue, wood glue or thick CA) 
Ruler or scale 
Scissors 
Patience & Practice 


Items needed to fly the Helicopter well 
Access to a balance that can measure 2.0 and 4.0 grams. 
Rubber Winder. 
Rubber Lube (Armor All®) 
Patience & Practice 


Overview 
Two rotors (think propellers but Helicopters have rotors) will be built. Please note the 
pitch (angles of the surfaces) of the top and bottom rotors are opposite of each other. The 
top rotor will be at the end of the motor stick and spun by the rubber motor. The bottom 
rotor will be glued to the middle of the motor stick. The motor stick will have the 
plywood thrust bearing mount glued at one end with the rear rubber hook at the opposite 







end. The motor stick will be braced with two posts and a length of thread running from 
each end over the posts.  
PLEASE NOTE: When printing the .pdf files using Adobe you must set the “Page 
Scaling” to NONE or the drawings will not be full size. 
Before you start please, please, please read completely through the instructions and 
become familiar with the images. This will prevent a lot of mistakes. 
 
Step 1 Preparing the Building Board. 
Find a flat surface where you can place the building board. A kitchen table generally 
works nicely.  
Cut the rotor plan along the dashed lines to yield two pie shaped pieces. Place one piece 
on the building board with the small end near the center of the board. The center line on 
the plan should be directly over the line drawn on the board. Once you are satisfied with 
its position, tape it in place using 4 small pieces of tape. 


 







Place the other plan on the building board aligning the circles at the small end with the 
circles on the other plan and the centerline on the line drawn on the building board. Once 
it is properly positioned tape this in place. 


 
Because paper shrinks and stretches, measure the overall length of the rotor spars (not the 
centerline). They should be about 39.7 centimeters. Making the rotor slightly smaller than 
the allowable maximum is intentional. If the rotor does not turn exactly about its center, 
the diameter swept by the longer of the two “halves” can be greater than the 40.0 cm limit 
which is not good. 


 
Cover the building board with a piece of waxed paper and tape it in place. This will 
prevent the parts from becoming glued to the plans and board. Both the top and bottom 
rotors will be built using this one plan. If need be place weights on the board to flatten it 
to the table. You do not want the board to be bowed. 







 
Step 2 Risers 
Take one of the two risers and position it so the top surface of the vertical piece is 
directly over the outline of the rotor spar. The top of each riser has been covered with 
Scotch® brand gloss finish transparent tape to prevent glue from sticking to the riser. For 
added insurance you can rub the top and front edge with the supplied crayon. The wax in 
the crayon helps keep the glue from sticking to the riser. 


 
In the image above a paper wedge is use to get the top surface directly over the spar 
outline on the plan. You can either shim the bottom leg to angle the lean the vertical leg 
so the top surface is directly over the spar outline or move the riser until the top surface is 
over the outline. It is not important to have the vertical face of the riser perpendicular to 
the building board.  







Locating the upper spar for the rotor DIRECTLY over the outline is IMPORTANT. 
Align the vertical double lines on the riser to the double lines identified as Rib 1 on the 
rotor plan. There will probably be a mismatch at Rib 5 of ½ to 1 millimeter (remember 
about paper shrinking and stretching?). This mismatch will not create a problem because 
the exact location of the ribs is not that critical. 


 
 Use the Tee pins or weights to hold the risers in place. Now place the other riser on the 
opposite side and opposite end of the rotor. Align this one as you did with the first. You 
should have covered two sets of words saying the same thing and left uncovered another 
two sets of words that say “Place the riser here to build the top (or bottom) rotor”. It does 
not matter if you build the top rotor or bottom rotor first. Just remember to build one of 
each! 
 
Step 3 Rotor Spars 
Place a piece of 1/16” X 1/16” X 16” balsa directly on the wax paper covering the outline 
of the rotor spar. Align it so both ends of the spar extend past the outline on the plan. 
Once it is aligned, use push pins to hold it in place. You will need to use the bottom of 
the plastic head to hold the balsa stationary. The pins should not be located where the 
outlines of the ribs join the spars. Allow room to glue the ribs on the top surface of this 
spar. 







 
A gentle touch is needed when installing the pins. Do not apply so much pressure that 
you crush the wood and never push the pin through the balsa. Have 4 pieces of masking 
tape about ½” X ¾” ready. Place a piece of 1/16” X 1/16” X 16” balsa on the top of the 
risers. Again, both ends of the spar need to extend past the ends of the risers. Attach the 
spar onto the riser using two pieces of tape on each riser. Do not put tape where the ribs 
will be glued. Do not trim the ends of the spars. We will do that later. 
With a pen place a mark the sides of the spar at the center of the plan. 


 
 







Step 4 Cutting & Sanding Ribs. 
This step might take a bit of practice before you get the results you want so be patient.  
It is important to say a few words about cutting balsa. 
First: Supplied in the kit is a single edge razor blade. Razor blades are very SHARP. 
Handle them carefully and only by the reinforced edge where the metal is folded over. 
Second: Even though the razor is sharp you must slice the wood not try to chop it. As you 
apply downward pressure on the razor blade, push or pull it forward or backward to slice 
the wood. If you just push down with the razor blade, to cut the wood you might get a 
good cut once in a while but most of the time the wood will crush. 
Third: This is hard to do consistently; hold the razor perpendicular to the cutting surface. 
You want the razor cuts to be vertical to get achieve strong glue joints. This means the 
cut face of the rib must fully contact the surface of the spar. 
Use some of the short pieces to practice with. 
Now let’s look at the Rib Cutting/Sanding Board. 
At first this is confusing with all of the lines, letters and numbers.  
The wide (1/16”) solid lines are the ribs for the top rotor. You will need two of each rib; 
one for each blade of the rotor. They are marked 1T for Rib 1 Top Rotor, 2T for Rib 2 
Top Rotor and so on. The ends near the numbers and letters will be glued to the bottom 
spar. You will see each of these ends have a pair of perpendicular lines attached to a 
corner. These lines are guides for the razor blade. If you place one corner of the razor 
blade on the line and align it with the balance of the line you can get very accurate cuts.  


 
Where all the ribs stop at the edge of the board, are the ends that will attach to the upper 
spar (the one taped on the riser). These ends will be glued to the vertical face of the spar 
and will need a compound angle. While there are a number of ways to cut the ribs, I have 
a method to recommend. Place the  1/16” X 1/16” square balsa over the outline of the 
longest rib leaving a little (1/32” – 1/16”) extended over the edge of the board.  







Cut the rib to length using the lines parallel to the long edge. This cut is not critical since 
this face is not glued to anything. If the cut is bad, move the wood to the next smaller rib 
and try again.  


 
 
Once this cut is made, make the second cut using the guide line that is perpendicular to 
the first cut.  


 
While still holding the rib in place, exchange the razor blade for the nail file and sand the 
compound angle on the opposite end. Be sure not to tip or lean the nail file over the board 







as this will ruin one of the angles. The last passes of the nail file should have the face of 
file completely against the short leg of the board. 


 
Instead of using the nail file you can try to lay the razor against the short leg of the board 
and slice the end of the rib. If this method does not work for your try other sequences 
until you find one that does and stick with it to gain proficiency.  
I prefer to cut one set of ribs and glue them into place as opposed to gluing each rib as 
they are cut. The choice is yours. Just remember to make two of each number/letter. The 
solid marks are for a top rotor ribs and the outlined marks are for the bottom rotor ribs.  
Place marks (magic marker, felt tip pen) on the spars and/or ribs so you will be able to 
easily identify the top rotor from the bottom rotor and the top side of each rotor. Once 
they are removed from the building board it is easy to confuse them. 
 
Step 5 Gluing the Ribs to the Spars 
If the risers and spars are placed perfectly AND the ribs are cut and sanded perfectly 
AND I sliced the spars to exactly the right width, then everything will go together just 
right………this will not happen. Be prepared some ribs to be a bit too long or some too 
short. This is not the end of the world. I recommend placing one of the short (1”) Tee 
pins on the outside of the spar that is pinned to the building where the rib will be glued. 
Before applying any glue test fit the rib by placing one end against the pin and the other 
against the spar taped on the riser. WOW! With all that fuzz on the sanded end it is hard 
to tell where the rib ends and the hair begins. Just take the nail file and VERY LIGHTLY 
wipe the fuzz off of the edges. The pressure needed is so little that the weight of the nail 
file itself is enough to remove the fuzz.  







 
Note the “fuzz” or balsa hair on the piece on the left. 
Now with that behind you let’s check the length and fit of the rib. If the rib is too short 
move it toward the center of the rotor, if too long move away from the center. If you have 
to move the rib more than its thickness (completely outside of the double lines) it should 
be either trimmed (too long) or make a new one (too short). Do not move Rib 1 away 
from the center or the rotor will exceed the 40.0 cm diameter. 


  
This image shows an excellent fit at the joint between the upper spar and rib. Do not be 
upset if this is not the case for all of the joints. 







Apply a small amount of glue to the end of the rib that will be attached to the lower spar 
(the one pinned to the Building Board). Place the rib on the spar and slide it against the 
1” Tee pin. Just rest the other end of the rib against the upper spar and let the joint dry. 
Continue gluing the remaining 9 ribs in this manner. Once the glue has dried raise the 
unglued end of a rib away from the spar to create a space about 1/8”. Apply a small 
amount of glue to the rib and gently push it back into contact with the spar. Do this for 
the remaining 9 ribs and allow the glue to dry. Once the glue is dry, use a piece of 
1/16”X1/16” Balsa and gently push against each ribs’ glue joints. If any are loose, glue 
the joint again. The ribs must be firmly attached to the spars or the rotor will disassemble 
while spinning and ruin your day. 
Take the 1/8” X 1/8” X 11/16” Balsa Rotor Hub and glue it between the upper spar 
(taped to the riser) and the lower spar (the one pinned to the building board) exactly in 
the center of the rotor. The marks you made earlier on the sides of the lower spar will 
help locate the center of the rotor. Use something square (a credit or ID card will work) to 
make sure the Rotor Hub is vertical. Each end should be in the center of the rotor. 


 
Note the gap at the top of the hub. While it would be nice if it was not there, this will give 
an idea how much error can be acceptable, 
 
Step 6 Removing the rotors from the Building Board 
First gently remove the 4 pieces of tape that hold the top spar to the risers. (The spar will 
most likely be glued to the riser. We’ll take care of that shortly.) 
Some of the 1” Tee Pins will be glued to the ribs and lower spar.  
DO NOT PULL THE PINS OUT!  ROTATE the 1” Tee Pins BEFORE you pull them 
out of the Building Board. Once they rotate freely then you can pull them out gently. If 
the spar lifts off the waxed paper make sure the pins rotate and hold the lower spar down 
as you remove the pins. 
Remove the push pins that held the lower spar in place. 







Remove the pins (or weights) that hold the risers in place.  
DO NOT MOVE THE ROTOR YET!. 
Slide the corner of a thin piece of stiff paper or plastic (business card, credit card, driver’s 
license) under the lower spar between any two ribs. Gently slide it to each end and center 
of each side of the rotor. This will break loose any glue that has attached the spar to the 
waxed paper. Now that the lower spar is loose you can check to see where the ribs on the 
upper spar are attached to the risers. Carefully break the glue loose from the risers until 
the rotor is free. Look at the picture below. The razor blade was inserted between ribs 2 
& 3 and is being pushed from left to right to break the glue loose at the ribs. 


 
 
Step 7 Trimming and sanding the rotors. 
No matter how careful you were attaching the ribs to the spars there will be some bumps 
and bits of glue that need to be removed before the rotor is covered with plastic film. 







 
Now is the time to trim the ends of the spars flush with the ribs. Be sure to support the 
spars as you cut the excess off. Once this is completed take the nail file and smooth any 
raised pieces and sharp corners that might tear the film. As when you sanded the ends of 
the ribs use a gentle touch. 
 
Step 8 Covering the rotor using a glue stick 
Included with this information pack is an article on how to cover with film using a spray 
adhesive such as 3M® 77. I prefer to use a glue stick because the film can be repositioned 
(correct a mistake) unlike some of the sprays.  
Cut a piece of kitchen plastic wrap about 18” long. Cut this into 4 pieces approximately 
6” X 9”. 
Take one of the pieces and smooth it out on a flat surface with one of the 6” edges at the 
edge of the flat surface. 
Before applying adhesive to the rotor, practice placing the rotor on the film and rotating it 
so the upper spar is the only piece contacting the film. Next, practice rolling or rotating 
the rotor so Rib#1 contacts the film, then the lower spar. Do this a few times because 
once the film is stuck to the wood, removing it is not fun and you stand a chance of 
breaking the rotor.  
Apply the adhesive to the top surface of the spars, rib #1 and rib #5 on one side of the 
rotor. (You marked these surfaces in Step 4 so they are now easy to identify.) 
Place the rotor onto the film so the upper spar only contacts the film. Gently press the 
back side of the spar to the film. 
Now rotate the rotor so rib #1(the first spar should still be on the flat surface) is in contact 
with the film and press this to the film. 
Rotate the rotor so the lower spar contacts the film. (The film has lifted off the table 
where it is attached to the other spar and rib #1.) Press the spar to the film. 







Lift the rotor off the table and attach the film to rib #5 by squeezing the rib between your 
finger and thumb. 
Since this is harder to describe than it is to do, there is a short video on the CD that 
shows the covering being attached to the rotor. 
Hold the rotor so the excess film falls away from a spar. Apply adhesive to the exposed 
surface and then attach the film. Do this for the other spar and ribs 1 & 5. Trim the excess 
film from the rotor using a razor blade. 
Repeat this for the other side of the rotor and the other rotor. 
 
Step 9 Attaching the Rotor Shaft to the Top Rotor. 
It is VERY IMPORTANT to take your time to get this right. 
Locate the Top Rotor and its lower spar. The lower spar should have the center marks 
you made to help locate the rotor hub. These marks will now be used to locate the rotor 
shaft. (If you use the Bottom Rotor you will need to wind the rubber in the opposite 
direction.) Take a piece of stiff paper about 2” X 2” and cut out a rectangle about ¼” X 
½” in the middle of one edge. 
Hold the top rotor turned upside down. Place the rotor shaft on the spar so the 90° bend is 
at the center mark on the spar. The bare leg should be centered in the width of the spar. 
While holding the shaft on the spar, use your other hand to place the paper along the hub 
and shaft. (The cutout in the paper will allow for clearance for the hardware.) Make the 
rotor shaft parallel to the edge of the paper. Have your other team member place a 
SMALL drop on glue on the leg of the shaft resting on the spar.  


 
Do not get glue on the black glass bead, the Teflon washer, the white nylon thrust bearing 
or your fingers. Allow the glue to dry while holding the shaft in position. Once the glue is 







dry recheck to ensure it is parallel to the hub. Once satisfied with the alignment apply a 
coating of glue along the length of the bare wire on the spar and allow it to dry. 
Hold the rotor by the white plastic thrust bearing and you will notice one blade always 
goes to the bottom. The rotor is out of balance and the bottom blade is heavier than the 
top blade. Cut a piece of masking tape about 2” long. Press the adhesive side to your shirt 
or pants to reduce the strength of the adhesive. You want this to just barely stick to the 
top blade. Hopefully this amount of tape will make the rotor rotate and the blade with the 
tape is now on the bottom. If it does not rotate add another piece of tape. If it rotates with 
the first piece of tape, use scissors and start to cut off small pieces of tape until it rotates 
again. Do not be surprised if it only rotates 90 degrees and is horizontal. Cut a new piece 
of tape the size of the one that rotated the blade. Attach it to rib #1 on the light blade. 
Fold the tape over so it is on both sides on the blade. If more than one piece of tape was 
needed, use a scale to get the weight of the tape. Depending on how much weight is 
needed you can glue a small piece of ballast (wood, plastic, wire or etc.)  to the inside of 
rib #1.  
If you wish to test fly the helicopter in a low ceiling room it is wise to add a “Bump 
Stick”. This is a piece of 1/16” X 1/16” X 3”-4” balsa glued to the top rotor hub. The 
stick will hit the ceiling before the rotor and keep the rotors from breaking. 
If the blade remains horizontal you can experiment with adding weight to the top corners 
where the spars join the #1 ribs. Do not bother with this until you have made some test 
flights as this direction of balance is not as critical as the previous one. 
 
Step 10 Assembling the Motor Stick 
Locate the 3/16” X 1/4” X 12” stick the 1/16” X 1/4” X 1” Predrilled Plywood Thrust 
bearing mount and the rear rubber hook. 
The thrust bearing mount is glued to one end of the motor stick. Place a Tee pin through 
the small hole in the mount. Hold the pin on the 3/16” wide side of the stick. 
Apply a drop of glue to the end of the stick and glue the mount to the stick.  


 







 
On the opposite end of the stick press the short leg into the same side of the stick you 
rested the pin on. This will position the circular wire loop on the same side of the stick as 
the large hole in the thrust mount. Apply glue to the wire where it contacts the stick. 
Locate the two 1/8” X 1/8” X 1 ¼” bracing posts. Look at the plans and glue them on the 
proper side and locations. Place a little glue on the tops of both bracing posts so the 
thread will not cut into them. It is more important that they are vertical and in line with 
each other than where they are located.  
Tie a piece of thread to the rear rubber hook and glue it to the end of the stick. Once the 
glue is dry, pass the end of the thread through the small hole in the thrust bearing mount. 
Set the thread on the tops of both bracing posts and pull it taught enough that the motor 
stick just barely begins to bend. Make a couple of loops around the thrust bearing mount 
and glue the thread to the thrust bearing mount while keeping tension on it. Once the glue 
is dry, apply glue to the tops of both bracing posts. This thread will counteract the force 
of the rubber motor. Without it the motor stick will break from the force of the rubber.  


 
 
Step 11 Attaching the Bottom Rotor 
If you look at the plans you will see the bottom rotor is in the center of the motor stick 
between the stick and the bracing thread. Its exact position is not as important as its 
alignment. That said attaching the bottom rotor to the motor stick is an ideal application 
for the use of acetone based glues like Duco and Ambriod. The bond formed by these 
glues can be softened with acetone making repositioning of the bottom rotor very easy 
compared to using other adhesives. 
Mark the area on the stick where you plan to place the rotor. Again this should be on the 
surface directly under the thread between the two bracing posts. Orient the bottom rotor 
so you have the film on the upper surface. The rotor will be glued to the stick with the 
film on the side nearest the thrust bearing mount. Test fit the rotor to the motor stick. Use 







the clothes pin clamp to hold the hub to the motor stick. The rotor needs to be glued at 
right angles to the stick. Before trying to glue it in place determine how you will align it 
and make certain you are happy with the result.  
Apply glue to the rotor hub and slide the rotor under the thread into position. Clamp the 
hub to the motor stick and allow it to completely dry. 
 
Step 12 Final adjustments 
Insert the top rotor into the thrust bearing mount by carefully threading the wire rotor 
shaft through the hole.  
The top rotor should spin freely and perpendicular to the motor stick. If it is not 
perpendicular due to the bend in the rotor shaft adjust the bend by holding the spar and 
wire between your fingers with one hand and the white thrust bearing in the other hand. 
VERY CAREFULLY bend it in the direction required. Small pliers can also be used but 
hold both legs of the wire. If you don’t hold both while trying to bend the wire, either the 
spar or thrust bearing mount will break. 
Place the completed assembly on a scale that you know is accurate. (If you are in doubt 
ask some one to help you calibrate the scale with a set of test weights.) Ideally the 
assembled helicopter WITHOUT the motor will be just less than 4.0 grams.  


 
Add clay ballast to the bottom of the motor stick until you reach 4.04 grams. 
It will be very difficult to wind the rubber motor with the propeller. I really suggest using 
a rubber winder. 
Many articles have been written about winding rubber motors so I will not address that 
topic with these instructions. With the CD are a couple of articles on winding rubber and 
adjusting motors. 







 
Step 13 Flying 
Before you transport you helicopter outside you will need a box of some type in which to 
carry it. If it is windy or raining outside the helicopter can be ruined by the elements in 
seconds. A pizza box with raised side and a lid can do the job. 
When you pack the helicopter to go to a flying sight also pack a tool/repair kit. This 
should contain a couple of pieces of wood, plastic covering, glue, tape, clay ballast, a 
couple of paper towels and any other items you might need to perform a “field repair” so 
you can keep flying. Along with this tool/repair kit you should have your winder, rubber 
lubricant, spare rubber motors, flight log and pen or pencil. Make a check list for these 
items so you can be sure you have everything you need. 
Once the motor is wound and attached to the rotor shaft and rear rubber hook you are 
ready to launch your helicopter. DO NOT THROW IT INTO THE AIR! 
Hold the top rotor with one hand and the bottom of the motor stick with the other. 
Release the top rotor and allow it to start spinning. After a second or two the top rotor 
will reach its maximum rotation speed and you can release the motor stick. 
 
Trimming 
With this design there are only a few options for trimming.  
This design does not provide a means to adjust the pitch (angle of attack) of the rotor 
blades. This was determined when it was built. To obtain different pitch blades new 
rotors will need to be made. The same plan can be used with different height risers. The 
length of the ribs would need to be adjusted also. For those who want to experiment the 
original AutoCAD® .dwg file is included with the CD and a like to free CAD software 
that can be used to edit the drawing is included. I do not recommend this approach. I 
believe the designs that will soon be available will be a better investment of time.  
The main method to optimize flight times will be through adjusting the length of the 
rubber motor. Ideally the helicopter should land just as the rubber completely unwinds. If 
there are still turns left the motor can be shortened. If it runs out of turns while still at 
altitude the length can be increased. Just remember not to exceed the 2.0 gram maximum 
for the motor. 
It is also important to lubricate the motor. Armor All is a favorite. Spray it on the motor 
before you wind it.  
 
We anticipate commercially produced kits will soon be available from a number of 
sources. 
Additional sources for information.  
www.indoorduration.com 
http://www.indoorfreeflight.com/ 
http://freeflight.org/Community/links.htm 
http://www.aeroaces.com/ 
http://www.3ds.com/products/draftsight/#vid1 free software to edit the .dwg drawing 
 
More information will soon be posted on the Maryland Science Olympiad web site so 
please take a look at it periodically. 








Indoor Motor Adjusting  
 
by  
Jack McGillivray  
From a photocopy given to me by Nick Leonard Sr.  


 
The object is to utilize the maximum number of turns wound into the rubber motor during 
an efficient flight. It should land upon the floor, just as all the turns are used up. The 
following are the methods of achieving this:  
 
Problem #1: Model runs out of turns above the floor (Overpowered)  
 
Solutions: A: Use another motor with a smaller cross-section, maintaining or increasing 
it's overall length.  
B: Use another motor with the same cross-section, but with increased length.  
C: Increase the propeller pitch, and/or prop diameter.  
D: If the motor is new, the problem will diminish somewhat on the next flight.  
 
Problem #2: The model lands upon the floor with unused turns left in the motor 
(Underpowered)  
 
Solutions: A: Shorten the existing motor.  
B: Use another motor with a larger cross-section, maintaining or shortening it's overall 
length.  
C: Decrease propeller pitch, and/or propeller diameter.  
 
Other factors:  
If possible, the motor should exceed the airframe weight, but should not exceed double 
the airframe weight. On many models, though, motors this heavy cannot be utilized 
because of the high wing loadings. When the motor length exceeds the motorstick length 
by more than 2.5 times, vibration or rubber bunching can occur, spoiling the flight due to 
CG shift, and/or prop stoppage.  
 
With each successive windup of the motor, power output will fall, particularly when 
maximum turns are applied, and insufficient rest periods are allowed between windings. 
  








RUBBER TESTING - Indoor News Issue 21, Feb 1993 by Bernard Hunt (GB) At the US 
Nats last year I broke all my favourite Pirelli in the hot conditions so I borrowed some 
Tan FAI from Jack McGillivray and as I liked it set out to acquire more and test it against 
Pirelli.  
 
My old method of testing involved winding/unwinding F1D sized motors and noting 
turns-torque using an accurately calibrated torque meter. This works OK but it is time 
consuming and frustrating as you have to wind to the limit to get meaningful results and 
so blow many motors.  
 
I read an article by the regular rubber tester, Fred Pearce, in the 1990 NFFS Symposium 
where he describes the stretch method for testing F1B sized motors. This involves 
breaking in by stretching a motor to a predetermined stress (load per cross section) and 
then testing by stretching to the limit and measuring the load- extension on relaxation to 
get the energy characteristics of the rubber. The assumption is that stretch testing and 
winding give comparable results. I have adapted this method to indoor rubber sizes and 
found it to be very quick and reproducible and the energy figures were in pretty good 
agreement with the winding method. To do stretch tests you need a kitchen scale, 
preferably an electronic one with a maximum load of 2 kg or more, a 2 kg weight (a lump 
of lead) with a smooth hook fitted and a wall with 2in (5cm) divisions marked up to 72in 
(180cm) high (ruler or tape measure better). Make up an 8 in (20cm) loop of rubber ( just 
like a motor) of 0.3 - 0.4 grammes but accurately weighed (W). Lube the rubber, zero the 
scale, and place the 2-kg weight on the scale. This gives the zero load reading (F1). Now 
hook the rubber onto the weight and stretch the rubber upwards using a pencil or nail, the 
reading on the scale falls as you do so. Keep lifting the nail until the rubber is solid, note 
the scale and ruler reading, and hold the position for 2 min. (this breaks in the rubber). 
Lower the nail and relax the rubber and repeat the process for the 2nd break-in.  
 
Now we are ready for the test proper. Repeat the stretch until the rubber is solid (or better 
to a calculated stress of 7000 psi = 5. 5 kg/mm2 at 8 or so times stretch - remember the 
section is for 2 strand), don't hold the position but note the scale reading (F2) and ruler 
(L2), now relax the rubber in 2in (5cm) steps noting the scale readings (F) and the ruler 
readings (L), repeating this until the rubber is back to its original unstretched length (L1).  
 
We can now plot a graph of load (F1-F) in grammes versus extension (L-L1) converted to 
centimeters. The area under this graph divided by the rubber weight (W) in grammes is 
the specific energy of the rubber.  
 
My own preference is to calculate a normalised [i.e. standard weight (X) and maximum 
extension (Y)] version of the load versus extension plot which enables the shape of the 
curve and the 'cruise' load (= torque) to be seen regardless of the size of the piece of 
rubber tested or its hardness/softness. The load=torque at 50% of max stretch is probably 
the most useful figure.  
 
Now for the important bit - the actual results. In the nice warm conditions (75 °F ) of my 
tests, 1991 Tan FAI (ex Mike Woodhouse or direct from FAI) proved excellent - fully 







equal to my best Pirelli with an energy of 115,000 - 125,000 cm. 1989 Tan FAI was also 
equally good but two different identities of 1990 Tan were poor with energies of 93000 - 
95000 cm. Tan FAI handles well in indoor use it tends to break at the knot (so can be re-
tied) although it is rather tricky to re-tie after lubing. I have had no problems with 
whiskering.  
 
I have flown EZB, Penny Planes and FlD on hot days at Cardington with Tan FAI during 
Aug/Sept 1991 and I have to admit that I like the stuff a lot. I have done my best times 
ever in Novice Penny Plane (14'30 ) and US rules EZB (25'06 and an amazing 26'38 ) 
and won the FlD Team Trials to boot! I have only flown once on a cold day and Pirelli 
climbed better than Tan. It will be interesting to see how Tan copes with icy Wigan in 
February.  
 
It looks like you need to use about 10% thicker and l0% shorter motors using Tan to get 
the same turns as Pirelli and you fly with much less back off.  
 
Well there it is! I've tried to describe my stretch testing method for indoor rubber and I 
hope it is clear enough for people to try but if anyone has a problem write to me at 4 
Ashfield Ave, Skelmanthorpe, HUDDERSFIELD HDO 9BW, UK.  
 
Footnote:  
 
Normalised load = ( F1 - F ) * ( L2 - L1 ) / Y * X / W 
Normalised extension = ( L - L1 ) * Y / (L2 - L1 )  
 
I use X = 1 qramme and Y = 100 inches (say 200 cm) for easy plotting. Replace load by 
torque and extension by turns in these formulae to normalise torque/turns tests.  
 
I always use a computer programme to calculate the normalised data and energy. A copy 
of the listing written for Sharp PC1450 or similar is shown below.  
 
5000: "Z" REM "ENERGY CALC" 
5010: CLEAR 
5011: USING 
5012: INPUT "LPRINT (Y/N)" ; P$ 
5015: INPUT "RUBBER TYPE = " ; T$ 
5019: INPUT "TEMP = " ; TE 
5030: INPUT "WT = " ; W 
5040: INPUT "MAX LENGTH = " ; L2 
5050: INPUT "ORIG LENGTH = " ; Ll 
5060: INPUT "ORIG BAL READING = "; Fl 
5061: IF P$<>"Y" THEN GOTO 5070 
5062: LPRINT D$ 
5063: CURSOR 0: LPRINT "R TYP= " ; T$ 
5064: LPRINT "WT = "; W;" * " ; Ll; " IN T = " ; TE 
5065: LPRINT " LEN READ NEXT NFORCE " 







5066: LPRINT "*10in GM * 10in GM" 
5067: LPRINT 
5070: INPUT "LENGTH = " ; L 
5080: INPUT "BAL READING = "; F 
5081: USING "#####" ; 
5082: PRINT "NORM EXTEN = " ; ( L - L1 ) * 100 / ( L2 - L1 ) 
5084: PRINT "NORM FORCE = " ; (F1 - F ) * ( L2 - L1 ) / ( 100 * W ) 
5085: IF P$ <> "Y" THEN GOTO 5090 
5086: LPRINT 10 * L; F; 10 * ( ( L - L1 ) * 100 / ( L2 - L1 ) ); " " ; 
( Fl - F) * ( L2 - L1 ) / (100 * W ) 5090: IF L < L2 THEN LET E = E + ( Fl - F + X ) * ( 
Y - ( L - L1 ) ) / 2 
5100: X = F1 - F: Y = L - L1 
5110: IF L - L1 > 0 THEN GOTO 5070 
5115: IF P$<>"Y" THEN GOTO 5120 
5116: USING "#######": LPRINT "ENERGY = "; E / W * 2.54 
5120: USING "#######" 
5130: PRINT "ENERGY = "; E / W *2.54 


 


 








CHILTON'S CORNER from INAV  
By Stan Chilton  
 
PACKING IN THE TURNS  


 
After you've built and tested your model the final moment of truth is when you wind the 
rubber motor before making your first official flights. If you don't get maximum turns in 
the motor, the other flyer who does may very well beat you assuming everything else is 
equal, torque, proper rubber size, rubber lube, etc.  
 
In the last several years I have read about crystallization of the rubber motors, maybe 
caused by excessive stretching (or winding.) However, I have not been convinced enough 
to change my style of winding, because the bottom line is simply to get as many turns in 
the rubber motor as it will possibly take. I have experimented with numerous types of 
lubricant to facilitate not only getting the winds in but unwinding these same turns with 
the most efficiency. And I do know something is happening to Tan II more so than other 
batches of rubber and it very well may be crystallization, as it may break while winding, 
or on the model 35 minutes later. But don't lose sight of the goal, and that is to get the 
maximum turns consistently every flight. And every official flight is always wound to 
max turns regardless of how many are backed off to get the desired torque level.  
 
It seems that every indoor modeler has their own particular method of trying to get the 
maximum number of turns into any given rubber motor. And it also seems that whatever 
method one uses, it is seldom talked about.  
 
The situation is really very simple: If you can get 10% more turns into your motor you 
have a 10% advantage over your competitor. There ate many different ways to wind up a 
rubber motor. I will tell you how I do it although it may be technically flawed. For 
instance Jim Clem doesn't stretch out the motor as far as I do. He feels that max 
stretching causes crystallization of the atomic links of the rubber. Yet i've seen him crank 
in over 5000 turns on a Federation ROG!  
 
Following is how I wind a motor that I want to put in absolute maximum turns, under 
these assumptions:  
1) The motor has previously been fairly well broken in or stretched to 90% length for 5 
minutes and  
2) the motor has been lubed with a proven rubber lubricant, preferably with silicon in it.  
3) Calculate from a winds chart how many turns this particular motor should take. (For 
our illustration here we will assume 2000 turns max.)  
4) It is helpful to install a brake on your winder so you can hold the winder in your one 
hand without the danger of free wheeling and losing turns, especially under higher turns 
and torque.  
5) Create some sort of winder-torque meter set up where you can establish a model's 
hook to hook distance between the winder and the torque motor. The set up must allow 
the winder to be latched or held firmly at the hook to hook distance but at the same time 
be easily removable for winding and transfer to the model.  







 
Now for the actual winding. Stretch the rubber loop as far as it can be stretched just short 
of breaking it. For Tan II this stretched length is close to 10 times the original motor 
length. Of course the anchored end of the motor is hooked to the torque meter. Do this by 
holding the winder with motor hooked to it in your right hand and feeling the rubber 
tension with your left hand.  
 
Now start winding slowly. At about 40 turns (the 2nd winder turn) start coming in as you 
continue to wind. Keep the rubber slack enough that it doesn't tighten up and break. Put 
in 500 turns and stop.  
 
A - With your right hand holding the winder again and left hand feeling the rubber, back 
out (stretch) the motor and again to the max, just short of breaking.  
 
B - Then start winding slowly and coming in at the same time. Put in 300 more turns. 
Start watching the torque closely now and come in just enough while winding to keep the 
torque from increasing.  
 
Repeat paragraph A and once again put in 300 turns in the manner described in paragraph 
B.  
At this point while alternating winding, relaxing and stretching drop the turns put in in 
each cycle to 100.  
As you approach 1800 to 1900 turns you will notice the torque increasing in spite of 
coming in. The torque will increase dramatically as you stretch the motor back out as far 
as it will go.  
 
The last 100 turns may be put on in 2 cycles of 50. If the motor now appears to be able to 
take more turns than your chart shows to be the estimated max turns put additional turns 
on as you think you can get away with, but never more than 100 at a time.  
 
When you feel absolute max turns has been reached your rubber motor length should be 
at the model hook to hook distance. The motor tension at this point should be fairly tight 
at the hook to hook distance.  
Back off the required turns to your desired torque immediately upon reaching max winds.  
The winder may now be placed in its stand, or jig with its unwind brake on and the 
wound motor in place between the winder and torque meter ready for transference to the 
model.  
 
As you are winding you occasionally notice two things: 1) Knots grapevining out 
perpendicular to the motor, (Dick Hardcastle calls it "zinging out the side") and 2) 
Locations along the motor where there will be knots on knots where a heretofore even 
row of knots bunches up in clumps. Both of those situations occur mostly when you are 
coming in while winding or nearing max turns.  
 
Here again hold the winder in your right hand and I knead, separate & massage the 
rubber motor knots with your left hand so you end up with as evenly wound motor 







possible. I feel that the rubber gets overstressed and is more likely to break at the knot on 
knot areas.  
 
Some motors of equal size, length and weight will grapevine and knot on knot much 
easier than others. Discard these motors when making a serious flight. Causes for the 
unevenness may be a varying density of the rubber or a varying width or thickness of the 
strands.  
 
When making an official flight, I always try to have at least 3 identical motors broken in 
and ready to wind. This allows you to continue to get a flight in spite of a broken first 
motor.  
 
My technique of winding is similar to that described by R.W. New in the 1989 Free 
Flight Forum of the Model Engineers Exhibition, London, England. He described his 
winding technique as the "relaxation method, " but he does not stretch the rubber as much 
as I. He holds the stretch to not more than 5 to 6 times the motor length, similar to Jim 
Clem's winding. But he did not have Tan II rubber.  
 
There are two more points to point out in order to get maximum turns.  
The first point is to make sure your torque meter's shaft and indicator needle is free and 
does not bind or drag. I have ball bearings in my torque meter but they are not absolutely 
necessary.  
 
Once I was breaking motors almost every wind up, sometimes not even close to max 
turns. I noticed my indicator needle was dragging on the plexiglass face and causing it to 
jerk erratically. When I freed up the torque meter, I stopped breaking motors.  
 
The second point is 100% mental concentration. Before beginning to wind the motor be 
sure you have no questions lingering in your mind about your model's adjustments.  
 
When commencing winding, the only thing in the world to think about is your winder, 
the rubber motor and the torque meter. Focus and concentrate on the winding of the 
rubber motor.  
 
It requires extra concentration if you have a talkative timekeeper, especially one who 
likes to tell jokes to other spectators just a few feet from where you're trying to get max 
turns on a motor!  
 
If someone walks up and asks me questions while I'm winding I invariably will quickly 
break the motor. So to get max turns shut out every thought except that of winding the 
rubber. Do not hurry, the rubber motor isn't going anywhere. But it does take effort to 
coax maximum turns into the rubber motor, not physical effort, but total focusing of one's 
concentration toward getting the most turns in the motor. Always remember if you never 
break a motor going for maximum winds you are probably underwinding. (Or you have 
some super rubber, in which case call me collect.)  








Below are the breaking turns and breaking torque in ounces for 1/8, 3/16 and 1/4 
inch rubber. Simply multiply the turns per inch by the length of your rubber motor 
in inches or find the torque for the number of stands you are using. The calculations 
below were made using L. Shermans 1994 equations. This is very good information 


for the rubber flier. While these figures are no substitute for breaking your own 
rubber to know the exact characteristics of the rubber you have, it does give you 
good starting and basic information on what tan II rubber can take. Shermans 


actual equations follow at the bottom of this page. 


Breaking Turns Per Inch For 1/8 Inch Tan II Rubber 


Strands of Rubber..........Turns Per Inch 
2.....................................106 
4......................................75 
6......................................61 
8......................................53 
10.....................................47 
12.....................................43 
14.....................................40 
16...................................37.5 
18.....................................35 
20...................................33.5 
22.....................................32 
24...................................30.5 
26.....................................29 
28.....................................28 


< 30.....................................21 
 


Breaking Torque In Ounces For 1/8 Inch Tan II Rubber 


Strands of Rubber..........Torque Ounces 
2......................................2 
4......................................7 
6.....................................12 
8.....................................19 
10....................................25 
12....................................33 
14....................................41 
16....................................46 
18....................................58 
20....................................62 
22....................................76 
24....................................86 
26....................................96 
28...................................106 







30...................................117 
 


 


Breaking Turns Per Inch For 3/16 Inch Tan II Rubber 


Strands of Rubber..........Turns Per Inch 
2....................................102 
4...................................72.5 
6.....................................59 
8.....................................51 
10..................................45.5 
12..................................41.5 
14..................................38.5 
16....................................36 
18....................................34 
20....................................32 
22..................................30.5 
24..................................29.5 


 


Breaking Torque In Ounces for 3/16 Inch Tan II Rubber 


Strands of Rubber..........Torque Ounces 
2.......................................3 
4.......................................9 
6......................................16 
8......................................24 
10.....................................33 
12.....................................52 
16.....................................63 
18.....................................74 
20.....................................86 
22.....................................98 
24....................................111 


 


Breaking Turns Per Inch For 1/4 Inch Tan II Rubber 


Strands Of Rubber..........Turns Per Inch 
2......................................99 
4......................................70 
6......................................57 
8......................................49 
10.....................................44 
12.....................................40 







14.....................................37 
16.....................................35 
18.....................................33 
20.....................................31 


 


Breaking Torque In Ounces For 1/4 Inch Tan II Rubber 


Strands Of Rubber..........Torque Ounces 
2.....................................4 
4....................................11 
6....................................20 
8....................................30 
10...................................40 
12...................................52 
14...................................64 
16...................................78 
18...................................91 
20..................................106 


 


Below are Shermans equations for both figuring turns per inch and breaking 
torque.  


Breaking turns per inch = 80 x (2 - W) / square root of N  


Where "W" is the width of the rubber and "N" is the number of strands.  


Example: For 1/4 inch rubber and 16 strands - Breaking turns = 80 x (2 - 1/4 or .25) 
/ square root of 16 or 80 x 1.75 / 4 = 35 turns per inch  


Shermans equation for figuring breaking torque in ounces = {.45 + (5 x W)} x N to 
the 1.38 power - With same factors as above.  


The example for this using the same parameters would be Torque = {.45 + (5 x .25)} 
x 16 to the 1.38 power  


Torque = .45 + 2.5 x 16 to the 1.38 power or Torque = 1.70 x 45.89 or 78 ounces  


 





