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1. Multicopters, which have unique aerodynamic characteristics, are becoming popular for a variety of commercial and hobby related applications. 

2. Multicopters are small aerial vehicles with multiple rotors, as opposed to traditional helicopters with one main rotor. A traditional helicopter rotor has variable pitch, which enables the pilot to control lift and steering. 

3. However, multicopters rely on fixed pitch rotors; some rotate clockwise, and some rotate counter-clockwise.  Flight is controlled by varying the speed of one or more rotors. 

4. For example, in this hexacopter, all of the propellers operate at the same speed. This produces the same thrust for it to hover. 

5. The hexacopter can be controlled about the pitch axis by increasing the speed of the propellers on one side of the pitch axis, and decreasing the speed of the ones on the other side. 

6. This creates a thrust differential between the two sides. If thrust is increased in the rear propellers and decreased in the forward propellers, the hexacopter pitches forward. 

7. Similarly, the hexacopter can be controlled about the roll axis in the same way. This causes side to side movement. This is done by increasing the speed of the propellers on one side, and decreasing the speed of the propellers on the other side. 

8. Yaw control, which changes the heading angle, is achieved by balancing the clockwise propeller rotational torques with the counter-clockwise propeller rotational torques.  

9. By spinning the counter-clockwise propellers faster than the clockwise propellers, the opposite net reaction induces a clockwise rotation about the yaw axis. 

10. We can calculate the thrust and torque of each propeller unit using the equations shown, where T is the thrust generated, C-T is the thrust coefficient, tau is the torque, C-Q is the torque coefficient, and omega is the rotational speed in RPMs.

11. Both the electrical power input and the mechanical power output can be calculated using the following equations.  The electrical and mechanical power are then used to determine the efficiency of the propeller motor. 

12. The two coefficients, along with the electrical and mechanical power, are calculated using data acquired from experiments. 

13. In this lab, we will demonstrate how to calculate aerodynamic and thrust forces on a hexacopter using a load cell mounted on a test stand. [1] Then, we will characterize and analyze lift and drag over a range of airspeeds using a wind tunnel. [2]
1. Use shot: 2.3.1. and 2.3.2. (Talent inputs parameters and runs program with hexacopter mounted on a static mount)
2. Use shot: 3.1.1. (talent brings copter to wind tunnel and begins to set it up inside) and 3.4.2 (talent initializes wind tunnel and sets wind speed) 
Learning Objectives: 
In this section, we list 5 important questions (eg, What is transformation?) that the students should be able to answer at the end of each lab. Complete this after the finalization of the script and storyboard. Do NOT worry about filling in this box in your first version. 



Take-Homes: 
In this section, we list 5 important take-home messages from the lab. Usually, these are answers to the 5 questions in learning objectives. Complete this after the finalization of the script and storyboard. Do NOT worry about filling in this box in your first version. 










