CSM FLYBARLESS ROTOR HEAD (25/6/07)

The CSM Flybarless System can be used on both electric and glow powered models from Micro heli's through to full blown 90 size models and above. To obtain the best from the system, the internal values must be optimised to a specific set-up. This will significantly enhance the flying qualities of any given model / set-up. Factors that dictate the fully optimised settings include model weight / design, head damping, rotor speed, blade weight, blade centre of gravity, demanded cyclic rates and pilot preference on stick feel etc. The following notes are simply based on findings whilst testing all aspects of the system on Duncan Osborne’s flybarless Synergy 90, a flybarless T-Rex 600 E and a flybarless Gazaur Mars 450 Micro heli. Testing has been somewhat limited due to poor weather. So I have little doubt that many additional lessons will be learned and aspects of the following explanations will change with experience and further testing.

WHY GO FLYBARLESS?

I am the first to admit that I was extremely sceptical of the original idea of gyro stabilised flybarless model helicopters. It was only after Wayne Osborne’s dogged enthusiasm and determination to convert one of Duncan’s Synergy’s, did I begin to see the potential of such a system. The set-up releases additional engine power as relatively heavy high-drag flybar / paddles no longer have to be driven through the air at high speed. The main benefit to perceived additional power is however in the release of the spinning flybar disc that reduces main rotor blade efficiency and reduces the models inertia in all axis. Hence the most noticeable benefit is the dramatically improved inertia / reduced drag when climbing and through complex manouvers. The model instantly adopts an effortless appearance of flight and is capable of retaining a level of inertia / momentum that the stock flybar equipped model could not dream of! This is most noted in complex stationary manouvers where heavy collective demands are required and when flying fast moving manouvers in strong winds. Add to this the ability to flip / roll much faster than any flybar equipped model and the system provides the Pilot with the ‘opportunity’ to explore new and extremely exciting manouvers and styles of flight.

WHO WOULD IT SUIT?

The CSM system is perfectly suited to many scale or specialist applications and can be adjusted to suit many flying styles. I would however envisage that the mainstay of interest would be from 3D Pilots who are dissatisfied with the limitations of a stock flybar and wish to explore new styles of flight. I feel duty bound to pre-warn any interested Pilots that this is not a ‘Plug & Play’ system. I can however fully recommend this system to anyone willing to spend a little extra time with a careful installation, optimization of mechanical aspects of the model helicopter and careful interface adjustments.

WHAT IS IT LIKE TO FLY?

I personally find the model to be just as stable as any 3-D helicopter in the hover, but with a slightly different feel when making adjustments to the models position. This simply dictates a slight change in pilot technique which is quickly adopted. For those looking for a more conventional hovering feel, this can be achieved via reduced rates and further utilisation of the internal ‘Decay’ function. Once into forward flight the model feels ‘almost’ totally conventional but with a much higher retention of inertia and a crisper cyclic feel. When adjusted correctly, the fully optimised system clearly excels in extreme 3-D aerobatics. The ability of the model to change direction / attitude with an incredible retention of inertia / lift is truly impressive!

WHAT DO THE GYROS DO?

The CSM 720 gyros basically oppose any unwanted cyclic yaw movements of the helicopter and control the demanded roll / flip rate. In this cyclic format, the gyros do not have the ability to completely nail any unwanted motions like a tail application, but work in a very similar way to a mechanical flybar. Hence the gyros allow you to control the vastly more agile tendencies of a flybarless rotor head and automattically trim out any unwanted changes to the models in attitude in fast forward flight.

WHAT IS THE MECHANICAL REQUIREMENT?

So far, all models have been tested with a minimum mechanical requirement of 10 degrees cyclic in each direction. There is the obvious potential for the gyros to function better with more cyclic range when being flown in an extreme fashion, but as the cyclic range is mechanically enhanced, the collective range is also enhanced. Whilst some additional collective pitch range is always welcomed, this dictates a loss in collective resolution. Hence, there is a natural compromise of mechanical requirements which is currently thought to be around 10-12 degrees of cyclic each way. The potential to convert any given model to flybarless operation is generally dictated by the distance of the main blade control balls from the centre of the head and the diameter of the inner control balls on the swash plate. If the specific helicopter mechanics allow for extension of the main blade control ball, then direct rods with guides to serve as a swash driver is the simplest method. On models where it is impossible to extend the main blade control ball, then mixer arms set to a ratio between 2-1 and 1.75-1 with a separate swash-driver provide the perfect solution.

DELTA OFFSET:

Currently, all models tested have been set to zero delta offset. There may be some advantage in running small amounts of negative offset to help keep the disc in check with the model better, but time has not allowed for any tests.

WHAT IS THE ELECTRONIC REQUIREMENT?

CSM 720 gyros can not be used with non-digital servos, but can be used with non-digital servos when being used in conjunction with the CSM Cycloc mixer. I have tested JR 8900G servos (0.05 speed) on cyclic and saw no clearly definable improvement when compared to JR 8301 digital servos (0.19 speed). I have also tested Hitec HS 56 servos in non-digital mode (via Cycloc) and they worked fine. From these tests, it is generally safe to assume that any good quality cyclic servo will function perfectly. One reason why servo choice / speed is not as critical as tail operation, is simply due to the cyclic gyros internal values. In cyclic operation, much higher internal values of ‘heading lock gain’ are used in comparison to ‘conventional gain’ which relies on very fast servos to operate effectively. The only other requirement is for a TX with ‘Dual Rate’ to allow control over the cyclic rotation rates and a spare channel to control the Gain of the 2 gyros via a Y-Lead.

THE ROLL FUNCTION:

The roll function does not suffer as many problems as the elevator function due to much lower inertia / pendulum effect. This dictates that the roll function has the ability to rotate faster and stop much cleaner than the elevator function. As such it is by far the simpler of the 2 cyclic functions to optimise and requires little in the way of adjustments. The main adjustments are to optimise the internal gains and adjust the ‘direct coupling’ function. The internal gain is predominantly ‘heading lock’ with 3-10% conventional gain. Anything higher than 10-15% conventional gain is likely to induce a fast wag on the rotor disc through manouvers when running optimal TX gain.

THE ELEVATOR FUNCTION:

The elevator function is the bug-bear of the system and tends to dictate the maximum speed / response of the cyclic. This is mainly due to the large chunk of model / tail boom hanging under the rotor disc that has to be encouraged to follow the disc as cleanly as possible. The stiffer the blade grips, head-damping, blades and mast, the more potential there is to release agility. Hence the models natural pendulum stability has a vast effect on the system and models with high centre of gravity’s are better suited to flybarless operation. When adjusting the elevator gyro to keep the pendulum effect under control, this usually dictates a much closer relationship of values between ‘heading lock gain’ and ‘conventional gain’. The more conventional gain you run, the better the gyro can keep the models pendulum effect in check when asking for sudden start / stop demands, but conventional gain will not retain trim in forward flight. We have tested all the way down to just 12% heading lock gain on a Synergy 90, but when considering forward flight and decaying rotor speed in Autos, the advised value is 40% upwards.
ROTOR HEAD SPEED:

All tests have shown the system works significantly better at high rotor speeds. The natural limit is obviously engine gearing and the integrity of the mechanics / chosen main blades and careful consideration should be given to all safety aspects!

CYCLOC SET-UP:

Cycloc should be set-up as advised in the manual with the full mechanical cyclic range, which can then be reduced via the gyro travel limits if required. Whilst the gyros certainly contribute to the accuracy of flight, the gyros are not capable of overcoming a badly set-up model with cyclic / collective interactions. Hence it is extremely advisable to pay great attention to eliminating as much interaction as possible via the Cycloc interaction trimmers on the bench set-up, prior to connection of the gyros.

CSM 720 GYRO QUICK SET-UP ROUTINE:

Both the roll and elevator gyros require the reverse, filter and travel limits to be set as per normal tail operation. The only real difference is that it is best to ensure an accurate setting of 10 degrees cyclic each way from centre using a commercially available pitch gauge.

THE CSM 720 INTERFACE:

Please note that no specific cyclic interface is available and all adjustments are made via a stock CSM 720 interface.

‘GENERAL’:

Mid stick Pulse length: This is the servos neutral which is tested by the gyro within the Quick Set-Up Routine

Throw Limit-1: This is the servo travel from centre to one full throw direction

Throw Limit-2: This is the servo travel from centre to the opposing full throw direction

Quick-trim Offset: This function can be activated in the hover to trim the mechanical centre of the servo to the models true neutral position. Values under 10 are generally acceptable, whilst values above 10 indicate that mechanical adjustment is required

Servo Speed: This function tells the gyro the speed of the servos in use. In cyclic operation, we have retained an advised fast setting of 0.05. Further tests are required to assess if any benefit can be gained from adjusting the value.

‘STOP TRACKING’

Left Stop Gain: Adjusts the firmness of the final stop after a demanded stick input for one direction. In cyclic operation, this function appears to be tolerant and limited tests indicate values of 100 to 130 to be acceptable.

Right Stop gain: Adjusts the firmness of the final stop after a demanded stick input for the opposite direction. In cyclic operation, this function appears to be tolerant and limited tests indicate values of 100 to 130 to be acceptable.

‘OPTIONS’

Servo Centre Pulse: 1520us (normal): To be used for all normal servos 760us (short): Only to be used with specific Futaba tail servos

Gyro Sense: Normal / Reversed: shows the gyro sensing direction selected in the ‘quick set-up routine’

Servo Frame Rate: 250 FPS / 285FPS / 333FPS: Selects the servo frame rate. For all normal / digital Cyclic servos select 250FPS

Vibration Filter: Shows if vibration filter was selected in ‘quick set-up routine’. Generally run no vibration filter

‘MODE-0 / MODE-1’

(Fully adjustable flight-modes that can be selected via the TX gain switch and can be linked to flight mode switching where possible)

Stick Dead Band: Allows personal adjustment of the dead-band at centre stick. Values of 20-40% are advisable for cyclic operation and can be increased to overcome pilot stick errors

Linear Stick Sensitivity: Controls the feel of the stick from just past centre to around half stick. Advised values are in the 25-35 range. Note that this function does have an effect on the overall flip / roll rate of the model. Thus any adjustments made to this value may dictate that the TX dual rate values have to be adjusted to compensate.

Exp. Stick sensitivity: Controls the feel of the stick from around half to full stick. Advised values are in the 25-35 range and this function also has an effect on the overall flip / roll rate and TX adjustments to dual rate may be required.

Pirouette Start Rate: This controls how fast the gyro attempts to create motion of the model. Too high a value and the gyros are attempting to make the model accelerate into a manouver faster than it is capable of. This can create a slight wobble through aggressive applications of cyclic. Hence this adjustment is invaluable for taming down the gyros to suit less than perfect donor models. The more flexible the rotor head / blades / higher the pendulum effect, the lower this value should be to help compensate. Values are advised at around 4500 for mechanically sound 90 size models down to 3000 for less than ideal mechanical set-ups.

Pirouette Stop Rate: This controls how fast the gyro attempts to halt the motion of the model. Too high a value and the gyros are attempting to make the model decelerate faster than it is capable of. This tends to create a slightly delayed effect when performing metronomes etc and can also induce a wobble as the rotor head is trying to catch up. Hence this adjustment is also invaluable for taming down the gyros to suit less than perfect donor models. The more flexible the rotor head / blades / higher the pendulum effect, the lower this value should be to help compensate. Current tests indicate slightly lower stop values are advisable in comparison to start values. 4200 for mechanically sound 90 size models down to 2500 for less than ideal mechanical set-ups.

Acceleration Gain: Whilst most set-ups appear not to require any value, values of 10-20% on the elevator function appear to help models that are mechanically less than perfect or possibly where non digital servos are used

Conventional Gain: This is the internal value of conventional gain. Roll typically runs 3-10%, whilst Elevator typically runs 35-50%

Heading lock Gain: This is the internal value of heading lock: Both Roll and Elevator typically run 40-60%

Direct Coupling: This is a very important function in cyclic operation that must be optimised to release the full potential of the system. This is especially true in an all Heading lock / No decay Mode. The advantage of obtaining the correct value is that the integral 'Heading lock Gain' and 'Direct Coupling' functions will be in harmony and greatly improve accuracy of flight etc. Note that too low a value can have the slight effect of making the model feel like it is skating on ice when making sharp inputs / corrections if flying in an all heading lock / no decay mode. Too high a value and the model will handle much better, but step back slightly after completing control inputs. The ideal value of 'Direct Coupling' is dependant on Rotor speed, Rotor blade length / weight / length-wise Centre of Gravity, Dual-Rate value (Flip / Roll Rate) and Integral gain values etc. There are 3 different ways to test the correct value but the first step is to decide on the desired Dual Rate (flip / roll rate) as this has a large effect on the value:

1-The first (most basic method) is to study the flip / roll rates at high TX gain and then carefully test the flip / roll rates on Low TX gain.  When the 'Direct Coupling' value is close to correct, the flip / roll rates will be close to identical regardless of TX gain.

2-The second method is to set the all of the internal Gyro Mode-0 and Mode-1 values to be identical. Then select a '1 sec Delay' on one of the modes. When the value of 'Direct Coupling' is correct, the flip / roll rate will be close to identical between Mode-0 and Mode-1. If the value is too low, then the roll / flip rate will be slower in the mode with '1-Sec Decay'. If the value is too high, then the roll / flip rate will be faster in the mode with '1-Sec Decay'.

3-The final test is to enable you to fine tune the value to perfection. Note that the effect of too high a value is most prominent in the roll function due to the higher % of integral 'Heading Lock Gain'. If the value of 'Direct Coupling' is too high, the model will step back after completing a flip / roll. If this is noted, then reduce the value in steps of 5-10 until the model stops perfectly. Note that if the value of Direct Coupling is slightly low, it is difficult to see any ill effects. If however the value of direct coupling is very low, you will note the model carry’s on slightly after completing a flip / roll. If this is noted in flight, then initially adjust the value upwards in a few steps of 20 and then go to steps of 10 and then 5. Values appear to range from 140 for less agile models up to 254 (full) for the most agile aggressive set-ups.

Heading Lock Range: This is simply left at the maximum value of 45.1

H/L Decay: This function allows the servos (swash-plate) to slowly decay back to its servo neutral position after a cyclic demand has been made. Decay tends to soften out the stick feel, reduce the harsher tendencies of the ‘Heading Lock Term’ and reduce the importance of obtaining the optimised ‘Direct Coupling Value’. In tests, there is potentially more accuracy in some aspects of flight if a zero decay value is selected and potentially improved accuracy in other areas of flight when decay is activated. Running ‘decay’ does however tend to enable the system to feel much more like a conventional fly-bar equipped model and the model is certainly easier to fly. We have only currently experimented with a ‘1-Sec Decay value’ and when activated, it is important to trim the model mechanically or via ‘Quick Trim’ if changing between a non decay and decay mode. Note that TX trims can be used if both modes run ‘decay’.

Elevator:

Mid Stick pulse length   1510

Throw Limit  (1)  147 (2)  151

Servo Speed       0.050

Stop tracking gains  100

Stick dead band       40

Linear S/S            37  

Exp     S/S           28  

Piro Start Rate      3600

Piro Stop Rate       3400

Acc. Gain             0

Conv. Gain           45

H/L gain             35

Direct Coupling      210

H/L range            45

Decay                1

Aileron

Mid Stick pulse length  `1517

Throw Limit  (1) 147  (2) 148

Servo Speed            0.050

Stop Tracking gains      100

Stick dead band           40

Linear S/S                37

Exp     S/S               28

Piro Start Rate           3600

Piro Stop Rate            3400

Acc. Gain                  0

Conv. Gain                 2

H/L Gain                  38

Direct Coupling           150

H/L Range                 45

Decay                     1
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