The Flying Car

My question was simple.  I wanted to make a plane that could be controlled by the same radio as a micro car.  I did some research on the motor that I would be using.  I intended on using the motor that came in the car, which is equivalent to a pager motor.  I used the same gear box that came in the car.  It was a twelve to one gear ratio.  Even with the high gear ratio, the motor was not capable of outputting sufficient power.  Many indoor flying models I researched weighed under an ounce.  I found out that the pager motor and gear combination wasn’t powerful enough to fly the 1oz. plane.  I researched more on motors.  I found that the N-20 was capable of flying a little over a one ounce aircraft.  After I determined that 1oz. would be my goal, I found the weight of the motor and radio system.  This gave me some figures to determine the size and weight of my battery.  I knew that lithium polymer batteries were the most efficient and lightest batteries that you could buy.  I searched the web and found one that would meet my exact specs.  Come to find out, it was also one of the highest amperage outputting batteries made in this category.  I knew that I could buy the motor from online sources, but I found a toy from Wal-Mart that I thought would suffice. Although the propeller was a little bit smaller, it had a good gear box.  I was skeptical if could produce enough thrust.  The plane that I got the motor from weighed a lot less than an ounce.  
I found the combined weight of the motor, battery, and receiver and subtracted it from one ounce which told me the amount of weight I had left to build an airframe.  Many indoor planes are covered with Mylar.  I figured that I could simulate almost the same thing with cellophane.  I found a model design by David Roblin that would fit my goals. He made his plane remote controlled and under an ounce, so I knew I could build the same plane under an ounce. It became my first attempt.  His design ended up being very fragile and hard to handle.  It was also very hard to trim and establish a glide.  I figured that I could redesign a plane more specifically for this system.  
It seemed as if the wing wasn’t large enough to carry the weight.  So my design had a little larger wing with a longer rib.  I also had a wing shape that I knew would create more lift at the sacrifice of drag, thus making it fly slower.  Because the fuselage of the first plane was very weak and fragile, I chose a solid piece of balsa wood for mine.  I knew there would be no weight sacrificed. I mounted the radio system on the bottom side under the wing so there was no way for me to connect the actuator to the rudder because it would have to go through the wing.  So instead, I put the rudder hanging from bottom.  I took the actuator from the car and mounted it on a hinging system in between the two magnets.  When the coils were not electrified, the rudder would be free to move about.  The car used a very small wire as a centering devise.  I engineered a similar system using an aluminum can.  I controlled the rudder with a pull-pull system connected to the actuator. For this, I assumed thread would be strong and light enough.  
The thing I was most concerned about was the fact that the car used a 1.5 volt cell to operate itself.  Because I was using the N-20, it would have to use a 3.7 volt cell to supply enough watts to fly.  The higher voltage multiplied by the max amperage of the motor would supply much more watts then the lower voltage. Also, the lithium polymer’s nominal voltage was 3.7 volts.  I knew the voltage wouldn’t hurt the circuit, but I was concerned that the motor would pull too much amperage across the circuit board.  I could bypass this problem by inserting a relay, but I was 90 percent certain that high amperage would not fry the circuit board.   
The second thing I was most concerned about was the fact that the transmitter would not transmit far enough.  I decided I could compensate this problem by taking copper wire from an old motor winding and extend the antenna.  I took the original length of the antenna and multiplied it by two.  

The final construction weighed under an ounce.  

By using the system from the micro car, I was sacrificing control ability.  I only have control of the rudder and motor.  The rudder can only be left, right, or centered, but nothing in between and the only control of the motor I have is on or off.  Altitude is controlled by how much thrust the motor provides. 

This problem brought me to my next question: How can I alter the range of thrust produced by the motor?  About this time I found a new radio system and had already built another plane to conduct these experiments on.  When flying the plane, I found that I had to pulse the motor on and off to simulate a half thrust.  When the motor was totally on, the plane would climb.  If I turned the motor off, the plane would fall into a stall.  To keep this from happening, I would have to slowly pulse the throttle slowly on and off until it would transition out of the stall safely.  I decided that I could make an electronic circuit that would do this for me. I knew I could make it to where it would pulse at any rate I wanted.  

I researched on the 555 timer and found that it was a suitable match.  Many people used this integrated circuit to control the cooling fan of their computer.  This process was called pulse width modulation.  By using different amounts of resistance and capacitance you can make the circuit a pulse a relay at any frequency.  Single channel transmitters from the nineteen fifties often pulsed at 30 beats per second.  By changing the resistance with the potentiometer you can control the frequency.  I calculated the proper amounts of resistance and capacitance to pulse from 30 to zero beats per second.  Many problems developed such as duty cycle.  The circuit would not allow me to turn the motor completely on or completely off.  Also, because the circuit could only handle a maximum of 200 milliamps, I had to use a relay. 
Because I was using the transmitter to pulse the throttle, I would put the circuit on the transmitter side. If added the circuit to the plane it would add weight so I connected the relay to the contact points in the transmitter that controlled the motor. 
Once the circuit was finished and connected to the transmitter, I tested its performance.  The variable pulses definitely control the motor, but not exactly as I had planned.  The faster the pulse, the closer it would simulate the motor being fully turned on.  When it would pulse slower, it would simulate the motor being turned off.  Because of the way the circuit was designed and how the electronic components functioned, the duty cycle altered exact performance.  When the pulse got closer to zero beats per second, the duty cycle got closer to 100 percent, doing the opposite of what was intended.  Because the duty cycle rose as the beats per second fell, this design did not work as well as intended.  A more advanced circuit could be made to clean up the duty cycle problem but would use more advanced circuitry.  Looking at what I had designed, I decided that I could use this as a trim setting for a cruising speed.  When the pulser was engaged, it would automatically connect the contacts of the transmitter, simulating half throttle which I could trim using the potentiometer.  When you manually pushed the contacts together, it would obviously bypass the pulser because the contact was manually being made.  This provoked the next problem.

When I wanted to land, the motors would still be pulsing.  I needed a way to cut the pulser off so that the motors wouldn’t be spinning when they were touching the ground.  I engineered a switch which would break the contact to the battery controlling the pulser when you pulled the down on the throttle stick.
Now with the circuit installed, I have added one more control point.  This control system would electronically prevent stalls.  When I turn the motor switch off the pulser automatically pulse the motor out of a stall.  It will also maintain a constant altitude, whereas before I would have to pulse it myself.  
By taking a radio system from a Micro car and engineering it to have a more controllable input then just on and off, I was able to create a plane whose flight characteristics were comparable to those of a professional system.   The total cost of the car, motor, and battery was $43.97.  All parts were bought at Wal-Mart and radio shack except for the battery because of how specialized it is.  I made a 1oz. plane fly for nine and a half minutes out of Wal-Mart toys.  The ingenuity of the pulsing circuit and harnessing of the car’s actuator made this an inexpensive project.  The radio equipment actually designed for this purpose ranges anywhere from $150.00 to $200.00.  
