Rotorhead Setup

The principles of rotorhead setup are much simpler than you might at first think. There is no black magic or deep dark secrets attached to the process but rather a set of simple rules, that if adhered to can give you a very true and precise rotorhead. 
Before beginning the actual process, there are a small number of tools you will need to use to achieve the level of precision your 3D machine deserves. If you do not already possess these tools I strongly advise you invest in them as they will prove very useful for other areas of helicopter set up. They are as follows:

1. A pitch gauge

2. Paddle alignment gauges

3. Set of Vernier callipers

4. A swashplate levelling tool
Photograph 1 below shows examples of these tools.
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The first rule when setting a rotorhead for 3D is to always begin the process from the centre and work your way out. To explain this in more detail, you need to think of everything that has a centre which influences the rotorhead. Everything such as, servos, control bellcranks, swashplate, (see the servo setup section for greater detail on this area), washout unit, flybar mixing arms, control rods, pitch curves and servo ATVs. 
Imagine the helicopter sitting on the bench with the collective stick on the radio in the centre or neutral position. At this point the control bellcrank, swashplate, washout unit arms, flybar mixing arms and paddle alignment should all be in the same line. Also the main rotor pitch should be zero degrees. Photograph 2 below shows this in better detail.









Incidentally, when sighting through a pitch gauge or along a paddle alignment tool you must ensure that the zero main blade pitch and the paddle alignment match the swashplate for level. You should also sight between two fixed points on either side of the head that are designed to be level, for example, the head of the main rotor bolts, the tops or bottoms of the blade grips and if you can see them, the blade grip feathering spindle retaining bolts. Alignment with simply the flybar can sometimes be misleading as, more often than not, the flybar will have a slight bend in it thus throwing out the setting. 
If set correctly, it should be possible, and will be necessary, to rotate the main rotor in 90 degree increments and confirm that the paddles and main rotor pitch are correct. Each of these settings should also be checked with the helicopter and rotorhead stationary to rule out any differences between left and right, as well as fore and aft. 
Most helicopters that are initially setup for 3D get alot of these points right, but not all. What this means is that the settings at the centre point will initially look right but when checked at the top and the bottom of travel they will be slightly out. This can lead to differences in blade angle of attack between left and right, as well as fore and aft. Have you ever put your helicopter into a fast vertical climb and noticed it roll to the side or pitch nose up or down? If so you may have set each side of the rotor disk slightly differently, i.e. not all elements are level and true at the neutral point. This may also be due to phasing issues (to be discussed in greater detail later) but very extreme pulling in one direction is largely due to poor setting up. It is also amazing how much power your helicopter will lose due to a poorly setup rotorhead. 
The solution to this problem is very simple. Set all rods in and around the head at equal lengths. It is very important that this is carried out as accurately as possible. When setting up the rotorhead I have even found that once rod lengths are set there can be very slight differences in length. The problem has often been solved be replacing a ball link with a brand new one which is obviously cutting a slightly different thread and thus solving the discrepancy. I have seen myself going through nearly a whole bag of brand new ball links to find one that suits best for one rod only! Perhaps this is a bit obsessive, but it does work. This process should be carried out on both sides of the head. If you fly the model and one blade appears to be out of track then adjust the rod accordingly to temporarily rectify the problem. However, you will have to go back to your setup on the bench and confirm the rod lengths, as they will now be unequal. This may indicate an issue with your mixing ratios and hence a number of unequal rods. It will always come back to poor rod set up. Rods on both sides of the head must be exactly the same length. Enough said!
Now to that issue of phasing that was referred to earlier. Imagine a heli that has a correctly set up rotorhead where all rods are of equal length and all appears well. But what if when flying the heli through a loop it appears to roll out to one side, or during a roll it pitches up or down, without pilot input? This scenario would seem to indicate a cyclic phasing issue. So what does this mean? 

Cyclic phasing is the point of rotorhead rotation at which a particular cyclic movement at the swashplate is translated to the appropriate movement of the main blades and flybar. To try and simplify this explanation try this example. You move the ailerons to the left and watch the swashplate also go to the left, no problem there. The swashplate in turn lowers the angle of attack of the blades on the left side and increases the angle of attack on the right side of the rotordisk, thus rolling the heli to the left. But say the swashplate and rotorhead are out of phase. This may mean that the action of the swashplate is coming in too soon, i.e. giving a left input when the blades are still in the elevator cyclic axis. If too soon this means that before a blade enters the left side of the rotor disk it is already lowering its angle of attack and before entering the right side it is already raising its angle of attack to give the rolling motion. But the input has begun in the elevator cyclic portion of the rotordisk and so a portion of the input will be translated into an elevator motion, in this example nose down. 
There are two ways to tackle this issue. Firstly, if your rotor head is phase adjustable, i.e. the prongs that stop the washout set from spinning can be moved independently to the head itself, than a certain amount of this problem can be adjusted out. Try flying your machine and then moving the phasing very slightly in one direction and see if the problem is reduced.  If not go the other way, again by a very small amount and try flying the heli. Very small increments of movement are required when working with the phasing as the movement is considerably greater by the time it gets to the head. It will involve a bit of trial and error. If your machine has a fixed phasing system I would strongly recommend  upgrading it to a phase adjustable version, as many are now very well priced and readily available. Do not be fooled by that all metal head upgrade deal that is cheaper than it really should be, chances are the head is not phase adjustable and hence the reduced cost. No body wants them!
The other way to tackle this issue is to set mixes in your radio to try to mask over the problem electronically. The mixes should be centred on the cyclic controls, where a touch of elevator will be mixed with an aileron motion and vice versa until the problem is minimised. This should eliminate a lot of the phasing issues your machine may exhibit. 
Another important feature of setting a rotorhead for 3D is how stiff you set the head damping at the feathering spindle. Put simply the harder the head damping the faster and crisper the head response will be. This can be as hard as you like but I urge caution in going too hard. Setting hard can lead to a very twitchy machine which will be harder to hold in the hover position, whilst giving a head response so hard and aggressive that you will never use it to its limit anyway, so there is therefore no advantage. The only example I know of involving extremely stiff head damping is a well known Japanese 3D pilot who replaces his standard rubber dampers with aluminium ones! Undoubtedly this machine suffers severely in the hover position, making the pilot work very hard indeed. 
A heli with less head damping will give a much softer response and when taken to extremes will be sloppy. I once had the rather unpleasant experience of flying a friend’s helicopter with particularly soft head damping. The damping was so soft that the whole heli would sit and wobble like a jelly when in the hover position! 
Therefore a balance must be struck which will suit your individual flying style. My personal preference is for damping on the harder side and where I can hold each blade grip and still move the head slightly up and down on the feathering spindle. It should be noted that the head damping will soften with prolonged use, and so will therefore need renewing at regular intervals. I personally renew the head damping on my competition machines every five or six months depending on how much I have flown them and how hard my flying has been. Experiment with your own setup as many manufacturers offer a number of different stiffnesses of dampers or ways of adjusting the damping that is relatively in expensive. 

It should be noted that stiff head damping will also reduce the risk of boom strikes which can occur with extreme 3D. Trying to perform manoeuvres such as tick tocks with soft damping can invite disaster! When a carbon blade meets a helicopters boom the result will never be good.
Probably the most influential part in the rotorhead setup for flying performance is the paddle selection. This is an area you should consider carefully as it can be finely and easily tuned to suit you needs, and is the key to achieving a suitable flip and roll rate. Basically large heavy paddles will give a slow flip and roll rate and a steady and predictable hover. Smaller lighter paddles will give a faster and snappier response but at the expense of a steady hover. Most 3D kits will supply a paddle that sits in the middle of this band and so will be a compromise for all aspect of flight characteristics. But this does not have to be the case. 

The solution to this is a paddle that is light but also has a large surface area. There are many paddles available on the market at the moment that possess both of these characteristics. What you need to look for is either a light and large carbon paddle or a large and hollow plastic paddle. I prefer the latter as they have provision for adding weights directly to the paddles themselves instead of on the flybar where you are adding more drag. 
On the subject of flybar weights, if you feel it necessary invest in a set as they allow you to experiment and find the response that is best suited to you. If you are going down this road start with the weights as far out as possible and then gradually move them in until the correct feel is achieved. 
Another aspect to remember when purchasing paddles is the profile of the paddle. A paddle with a rounded leading edge will give a steady and predictable response and will exhibit a steady forward flight characteristic. A paddle with a sharp leading edge will have an aggressive bite when flipping and rolling and may exhibit a very pitchy feeling in fast forward flight, i.e. the heli may want to pull the nose up or down or be very sensitive to stick movements at high speed. 
I recommend a rounded leading edge paddle, but if you already have paddles with sharp leading edges you can file or sand the sharp edge off to improve the fast forward flight characteristic. Plastic paddles with a moulding seam along the leading edge should have this edge removed before use for the same reasons as given above.

When entering into 3D flying some consideration should be given to a suitable head speed. If beginning to learn inverted flight this is not a major issue as the stresses and strains on the heli are virtually the same as in the normal hover. However when entering into aggressive and sustained 3D manoeuvres the head will continually be severely loaded and the last thing you want is for your engine to drop out at that crucial moment due to overloading. Therefore the engine must be run well into its powerband, or the rev range which will yield the greatest usable torque when loaded. Unfortunately this will change from one engine manufacturer to the other, however it will generally be discussed in the engines instruction booklet which will prove useful for calculating the suitable head speed. Take this example; a particular engine will give its peak power at approximately 16500 rpm. The helicopter it is fitted into has an engine to head ratio of 8.45 – 1 (for every 8.45 turns of the engine the rotorhead will turn once) which will calculate out at a head speed of around 1950rpm. This should therefore be the head speed to use for aggressive 3D flying. 
Beyond the optimum setting of head speed based on available engine power, there may be a personal preference for head speed based on helicopter control response. The higher the head speed on a heli, the sharper the control response will be. If too high you may find the heli too twitchy to be comfortable and if too low the engine will drop out of the powerband. Once again a compromise should be found through experimentation with different head speeds.

My own personal preference is to set the head speed slightly higher, so when the head becomes loaded the engine will still remain within comfortably in the powerband. I chose to tame down the aggressiveness of the head via the paddle and throws setup. 
If you have any questions on this or other topics in the 3D Setup Tips section mail me at info@3dheliireland.com and I will endeavour to answer your question.
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Photograph 1 showing some useful setting up tools.
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All of these elements of the rotorhead should be in the same line at every position of the rotorhead when it is rotated through 360o





Photograph 2 showing all the points on the rotorhead that should be level with each other 








