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1. Designs, constructions and propeller arrangements


Most flying multirotor systems are equipped with four propellers. But there are other designs with fewer or more rotors. In order to remain general, however, they are no longer called quadcopters, but rather multicopters. The former have the number 'four' in their name. The multicopters have different advantages and disadvantages compared to the quadcopters. Discussing these and also their propeller arrangement is the purpose of this chapter


1.1 Tricopters


If one were to ask how many speed-controlled propellers are actually needed to keep a multi-rotor system stable in the air, the answer would be three.
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Figure 1: Tricopter with aluminum frame, photo: Karl-Heinz Wolf.





When using an odd number of propellers however, the same number of left- and right-rotating propellers can’t be used. Thus, the yaw torque must be compensated in a different way. The tricopter constructors usually use from the beginning only right-turning propellers. Since these belong to the standard range in model construction, they are present in much greater choice in the market. One is then not forced to choose a propeller that has a right- and left-turning design.
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Figure 2: Pivoting boom, photo: Karl-Heinz Wolf.





The consequence is that a drive must be pivotally designed. In this way, a compensation of yaw torque or, if desired, a rotation around the yaw axis can be achieved. The tricopter in figures 1 and 2 was built with an aluminum frame.


The control of the angle Ф in the nick and roll axis is a bit more complicated. The two axes are no longer decoupled. Imagine that the pivoting boom of the model is ‘rear’. Then the other two booms are ‘front’ (actually, front-right and front-left). In order to steer the nick axis, both front drives need to act together, whereas in the rear there is only the ‘rear’ drive. To control the roll axis, the drives ‘front-left’ and ‘front-right’ operate.


The two front booms therefore have a double function: They must simultaneously stabilize the nick and the roll axis. To control the nick axis they both produce at the same time more or less thrust, whilst to control the roll axis one drive produces more thrust and the other less. Of course, with a programmable electronic control system this can be easily implemented.
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Figure 3: Tricopter with carbon booms, photo: William Thielicke.
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Figure 4: pivoting boom, photo: William Thielicke.





Figures 3 and 4 show a further tricopter with a pivoting boom. The frame and the boom were realized very beautifully and shaped with carbon.


Advantages of tricopters:




	They need only three motors, propellers, booms and brushless controllers, which means a corresponding reduction in price.


	You can use right-turning propellers, of which there is a much greater choice in the market.
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