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Software History AC-3X:

SW Version Changes

N
1

first officially released version

optimized sensor calibration to prevent servo dgl
on ground

optimized tail algorithm

parameter switching for different flight conditions
Gain Lock function

USB-Port activated

simplified setup of gyro sense and the direction of
axis rotation
servo output directly after power up (Savox and A
servos are now supported)

synchronic swash plate rotation for all swash@erv

=

5 (HW 2) -

Optimized swashplate control algorythm with
"Adaptive Stability Control”

Optimized tail algorythm “Smart Stop”
Battery Monitor

Menu Autoexit

Sum-Signal-Receiver

USB permanently activ
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1. Introduction

AC-3X is a synonym for Acro Control 3-Axis, a statketloe art flight control stabilization for
radio controlled helicopters. The goal of the developntgnAC-3X was to create a flight
control stabilization for flybarless helicopters aiensures a flight performance far beyond a
normal Bell Hiller rotor head, reachable with a mmom of adjustment effort. Beside this, the
flight stability and neutrality of a good conventionatar head should have been kept. The
system should be small an light enough to be installesimall electric helicopters and the
setup of the system should be possible without any athjeipment but helicopter and
transmitter.

AC-3X is using intelligent Pl-control algorithms on #ifee axis which are fed by the signals
of three SMM-Gyros and an three axis linear acceterasensor to control the helicopter
motion. During the design of the control algorithms sgefticus was set on the stopping
behavior from fast rotations. Without knowledge of Ehgenfrequencies of the helicopter the
AC-3X algorithms are able to stop the helicopter fromwation without any oscillation
tendency. The integrated tail gyro has an intelligead florward control to reduce torque
effects.

A highlight of AC-3X is the calibrated and uncoupled sensat. Every individual AC-3X
runs through a calibration process which ensures tbathtiee axis (elevator, aileron and tail)
are perfectly uncoupled and thus e.g. rolling figures aneanwithout any corrective steering
inputs on elevator. The same is with pirouettes, therraisc stays very stable while
pirouetting. Beside this the sensors are also temperatumpensated so that even at very
high temperature changes no drift effects are noticeablag flights.

As a result the AC-3X user obtains a high agility an@atral and also very stable flight with
one single setup. Thus an AC-3X controlled helicopter mamused for 3D aerobatics and
smooth F3C-like flying without any modification on thelibopter.

AC-3X includes an universal 3-servo swash plate mixethab no additional mixing in the
transmitter is needed. As swash plate servos any seétivd.5 ms neutral pulse length can be
used. The swash plate servo framerate can be varedioe range from 50Hz to 200Hz.

The tail gyro supports all of the state of the art @grwith 1.5ms neutral pulse width
(standard digital servos), 960us pulse length (Logitech) and 7@taba S9251/S9256 or
BLS 251). The framerate for the gyro servo can be tegleto be 165Hz or 330 Hz. The
power concept of AC-3X ensures a save function even uUadevoltage conditions below
3V. AC-3X was developed with special regard on low elecagmatic emissivity so that AC-
3X can be combined with any kind of RC-equipment withoytiaifuencing.

Sensors and controller of AC-3X are integrated in angles aluminum housing, no extra
volume is needed for a processor unit. The user inteda@eC-3X is realized with a blue

OLED-display and three pushbuttons. The brightness oflifmday assures sufficient contrast
even under bright daylight conditions. Via the integratgdagithe user can overview many
important status informations like stick positions o# th-battery voltage with a single look.
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The programming is very intuitive. After reading this nr@nonce, you should be able to
setup AC-3X without any further help.
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Technical Data AC-3X:

Weight app. 20g without wiring
Size (LxXWxH ) 31lmmx26mmx15,5mm
Supply voltage 3-9 Volt (including 2S Lipo
current ( typ.) 60 mA

Resolution of ADC for sensors 12 Bit

CPU 32 Bit 72MHz RISC
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2. Overview Setup menu AC-3X

In this chapter the user interface of AC-3X is describEhe structure of the setup menu is
shown in the flowchart in Figure 1.
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Figure 1: Flowchart AC-3X setup menu.
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2.1. Navigation in the setup menu

There are two possibilities to enter the setup menerW&C-3X is powered up one can press
any of the three pushbuttons while the AC-3X Logo issshand AC-3X will enter into setup
menu. When AC-3X is already in operational mode the uaer press on the uppermost
button for at least one second and AC-3X will also do setup mode. The structure of the
setup menu is shown on the flow chart on the page before

Figure 2: AC-3X navigation pushbuttons

The navigation through the menu is done with the upperamelr Ipushbuttons: Pressing the
upper button leads to the next item in the menu, predsinfpiver button to the item before.
To enter in the underlying menu structure one has to phessiddle button. In case one is
already on the lowest layer of the menu where thenpetexs are changed, the middle button
is used to select a parameter to modify it. When a pemanis selected, it is displayed in
larger size and it's value can be increased by pushingigper button or decreased by
pushing the lower one. To safe the changes one hagse fhre middle button again and the
changed value of the parameter is stored to the eeprdthammbove lying menu is displayed.
Every layer of the menu has one exit element (Higivel) which leads to the layer above. To
select it, the user also has to press the middle buittven you are already on the highest
level of the setup menu, the "High. Level'-Button leanlghte active flight state of AC-3X
where the control loops are active.

At this point one important note: please always take care thayou never try to fly in
setup mode. The control loops are inactivated in setup mode durhus the helicopter is
not controllable!

After describing the use of the setup menu, | will desctlie different menu items. Menu
items marked with (A/B)* will appear twice when paramesritching is activated in the
tools menu. The menu is structured in:
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2.2. Reqg.-Setup (Reqgulator Setup)

In this menu the parameters for the PIl-controllersthef swash plate and the tail are
summarized. It consists of two separate submenus, olelimy the swash plate parameters
and the other including the tail rotor parameters.

2.2.1. Reg.-Setup SWASH
The parameters for the swash plate are.

Proportional Gain:

Proportional Gain produces an regulative action on thaslswlate which is proportional to
the measured rate error on the swash plate and thus poopbgain makes the aileron and
elevator rate follow the rate commanded on the swtsks. A to high proportional gain can
cause a oscillating tendency on elevator in fast fodwiight and also a bad stopping
behavior on elevator rate changes. Abrupt stops of dipsuld be free of high frequency
shaking. If this is not the case the proportional gato ihigh!

To setup proportional gain one should increase it untilsaes a wiggling tendency in fast
forward flight. From this value one should decrease prapwit gain by a quarter. Normally
the default value of 50 is a good compromise which woniseascillations even with slow
servos on the swash plate. With fast servos on splaghone can increase proportional gain.

Integral Gain:

Integral gain is responsible that the helicopter keepsditection under all circumstances.
When wind forces the helicopter out of its directidme tntegral gain is correcting this. Fast
forward flight is also stabilized by the integral gdintegral gain must be setup so that the
helicopter stable during load changes on swash plate. \Wtegral gain is set to high, the
stopping behavior on swash plate is influenced negatitiedyhelicopter gets a tendency to
slowly drift back after a hard stop. A to high integrainghas also bad influence on fast
forward flight: The elevator control feeling becomesugloy and in extreme situations even
slow oscillations (approx. 1 Hz) can appear. Thus oneldhsiart the first fights with the
default value of 60 for the integral gain which is workingre with very slow servos. With
fast swash servos integral gain can be increased tatefirst flights in order to get more
flight stability.

Look Ahead Gain: Look Ahead gains a parameter that determines the aiogttol of the
swash plate. One should use a value which leads to 5-f® aygle on the rotor head on full
cyclic stick travel with inactivated proportional andegral gain (P=0, 1=0). When this is the
case, the helicopter can approximately follow thekstwithout any assistance of proportional
gain or integral gain and the proportional and integratrotiers have only to compensate the
difference to the commanded rate. Look ahead gain alangebB the acceleration and
stopping behavior on cyclic inputs. The more look aheadligaised, the faster the helicopter
corresponds to inputs. But be aware, very high look ahdaas gsult in a drift back tendency
on cyclic stops. The default value is 75.
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Lock TS Gain 100%: By activating this menu item, the swash plate gaimsoupled from
the gain channel and thus permanently set to 100%. Wéertha tail gain is locked, AC-3X
can be operated without an RC gain input.

2.2.2. TAIL
Under TAIL the following parameters for the tail regolasetup are summarized:

Proportional Gain: Proportional Gain generates a steering signal onatheervo which is
proportional to the rate error. The higher proportiggah is, the more direct the tail follows
the stick. To setup proportional gain one should increasetil the tail has a high frequency
shaking tendency and the decrease it by one third. Tlaeldehlue is 45. The proportional
gain depends strongly on the individual tail setup. Espea@allarger helicopters with low
tail power it can be increased by a factor of two.

Integral Gain: The Integral Gain corresponds to the heading hold gannofrmal gyro. It is
used to produce an angular control of the tail. A to hglaeswill result in a bad stopping
behavior with a back bouncing tendency. When integral igaio low, the tail is unstable on
heavy pitch inputs and can not hold the position. Tregnall factor is almost independent on
the tail setup of the helicopter. Typical values are 40defa(lt 45).

Tail Rotor Stick-Dyn.: This parameter has a different meaning in SW 5 tledord. It now

is used to optimize the stopping behaviour of the helicaptpirouettes. The larger the Tall
Rotor Stick-Dynamic is, the faster the tail contirids to stop the tail. When this parameter is
to large, the tail will have a tendency to overshd@hen it is to small, the tail is creeping to
the stopping position and the stop is very soft. The defalle of 25 is adapterd to both, the
Acrobat SE and the Acrobat Shark. On helicopters Ve performance tail rotors it is
recommended to reduce this value to get smooth stoppingitetha

DMA Gain: This parameter generates a torque feed forward on eyalicollective steering
inputs. The tail has to compensate all torque changeftingsfrom steering inputs on the
main Rotor. This feed forward helps to reduce the ctiveeaction on the P and | channel and
thus generates a more stable tail. It can be eithsitiygo or negative (-100 to +100)
depending on the tail geometry. To set up this paramegesloould hoover and the suddenly
give hard pitch inputs and watch the tail of the helicopWhile pitching it will shake
following the torque of the rotor head. One hast toeiase the value of DMA Gain until the
tail movement on pitch inputs has a minimum. When thdaevis to high it can happen that
the tail even moves against the torque! On my acrbbltopters one can use the default
value 45 unchanged. On other helicopters this value Haes adapted individually.

Lock Tail Gain 100%: By activating this menu item, the tail gain is uncougtedh the gain
channel and thus permanently set to 100%. When alsavish plate gain is locked, AC-3X
can be operated without an RC gain input.
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2.3. SWSH. Setup

Pitch Mixer: The Pitch Mixer determines the traveling path of skhash servos on pitch
inputs. The default value is 80. To change the pitch direthie sign in the pitch mixer has to
be changed. To change pitch values in AC-3X one has téhasBitch Mixerand not the
Servo Travel adjustment!

Aileron_and Elevator Mixer: The Aileron and Elevator Mixers are used to setup ilbea
and elevator rates of the helicopter. In differenceh® Pitch Mixer the Aileron and the
Elevator Mixer doesn’t influence the servo traveltbe cyclic inputs. This must be done via
travel adjustment and the length of the servo levergh@nge of sign in the Aileron and
Elevator Mixer changes the direction of Aileron orwtor. The default value on booth
parameters is 80% and should be used for the first flidit8% corresponds to relatively
high agility comparable with a small helicopter witmeentional rotor head.

Servo 1-3 Angel-Position:This three parameters determine the servo positioth@swash
plate. 0° corresponds to a linkage point which is oriemidtight direction. If one looks on
the helicopter from above, the angels are defined clsekv60° is the default position for
Servo 1 (right aileron servo on 120° swash plate), S2ngoat 180° (elevator servo on 120°
swash plate) and Servo 3 at 300° (left aileron servo on 24£8sh plate). The servo positions
must be adapted to the individual helicopter.

Swash plate Rotation:With this parameter the swash plate can be rotatedvawole by +-
90°. It is also operative when the electronic swaste plaixing is deactivated. The default
value of this parameter is O.

SWSH-Mixer Electron: This parameter activates the electronic swash gixhen it is
activated (1=default) the electronic mixing with theveepositions defined above is assumed.
When it is not activated AC-3X assumes an mechanicadrhelicopter with servo 1 being
pitch, servo 2 aileron and servo 3 elevator.
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2.4. Servosetup
2.4.1. Servo Zero Position

Tail Servo Neutral Position: This parameter determines the neutral position ofahservo.
The lever should be mounted to the servo in a wayah@tof this value the level is oriented
almost perpendicular to the servo housing. The exachtatien can be done with this
parameter.

SW-Servo 1-3 Neutral Position:This three parameters influence the neutral posiodribe
swash plate servos. The levers should be mounted tgeties whit this parameters set to 0.
The levers must be oriented as gquapendicular to the leverage (not necessarily to the
servo housing) to the swash plate as possible. Fimeatmns then can be done with the
neutral position parameters for each servo individually.

2.4.2. Servoreverse

SW-Servo 1-3 norm./inv.: With this three parameters one can change the diredtf
rotation of the swash servos.

A change of direction of the tail servo is not needlee right direction is set via servo reverse
in the transmitter.

2.4.3. Servo Travel Adjustment

SW-Servo 1-3: This parameters control the traveling path the svgastos do. The default
value is 1000. When it is not possible to get a mechage&al ratio from the servos to the
blade grips that leadsith activated menu and default values in the swash mixeAfleron

80, Elevator 80)on aileron or elevator to an cyclic angle of 7° nthlae swash Servo travel
paths can be changed with this parameters. If the defaule needs to be changed by more
than 300 digits then the servo levers should be adaptediwdsh regulator of AC-3X works
better the closer the travel adjustment value is to 10@@t the 7° cyclic on the blades!

2.4.4. Servolimit

Tail Servo Side A: This parameter limits the travel path of the taifvBein direction A in
order to avoid a mechanical blockage. Default value is 1T08. lever length on the tail
Servo should be selected in a way that the limitdetsveen 900 and 1200.

Tail Servo Side B: This parameter limits the travel path of the taih®ein direction B in
order to avoid a mechanical blockage. Default value is 1T08. lever length on the tail
Servo should be selected in a way that the limitdetsveen 900 and 1200.

SW _Servo 1-3 Side A:This values limit the maximum travel path of each slwaervo in
direction A. In case of mechanical limitations ihdae used to avoid an blockage. The default
value is 1400

SW _Servo 1-3 Side B:This values limit the maximum travel path of each swaervo in
direction B. In case of mechanical limitations indze used to avoid an blockage. The default
value is 1400
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2.4.5. Servo Typ Config.

Tail Servo Typ 1-4With this parameter the neutral pulse length and theefrai® of the tail
servo is choosen. The following four setups are supported:

Framerate | Center Pulse length Examples
Typl|165Hz 1500 ps Standard tail servos (incl. DS8700)
Typ2|330Hz 1500 ps Gyro Servos (Futaba 9253/4/7...)
Typ3|330Hz 760 ps Futaba 9251/9256/BLS251
Typ4|330Hz 960 s Logitech tail servos

Typ 1 is default.

SWSH-Servo Frequency:This parameter controls the framerate with whiah gtvash plate
regulator algorithm is calculated and the swash servalsigme updated. Values from 65-200
Hz are possible. Most digital Servos can handle 200 Kz Feitaba). With analog servos the
SWSH frequency should be limited to 65-80 Hz. The update fregumasca big influence on
the grade of the swash plate stabilization. The higferfrequency is, the better the swash
plate is stabilized. The default value is 100 Hz. Notené&digital servo types can not handle
frequencies up to 200 Hz. If your servos behave somehanggror get very warm, please
reduce the frequency until this misbehavior vanishes!

2.5. Sensor Setup

Ail._Sens. Norm/Inv.: This parameter can change the direction of the semsahe aileron
axis. The sensor direction must be set in a wayth®ategulator compensates the swash plate
movement when the helicopter is tilted around thealexxis. In this menu all stick inputs in
AC-3X are deactivated so that the servos only reacthensensors. The servos do not
automatically go back to the center position!

Elev. Sens. Norm/Inv.:This parameter can change the direction of the semste elevator
axis. The sensor direction must be set in a wayttigategulator compensates the swash plate
movement when the helicopter is tilted around the &devaxis. In this menu all stick inputs
in AC-3X are deactivated so that the servos only reacthe sensors. The servos do not
automatically go back to the center position!

Tail _Sens. Norm/lnv.: With this parameter one can invert the direction tloé tail
stabilization. It must be set in a way that tail mments are damped. When the helicopter is
rotated around the main shaft, the tail blade rear endg move to the same direction in
which the tail is moving. In this menu all stick inpunsAC-3X are deactivated so that the
servos only react on the sensors. The servos daautmimatically go back to the center
position!

Axis-Rot Nor./ Off/ Inv.: This parameter controls the rotation direction ef slvash plate in
pirouettes. When entering to this menu item, all stigquis are deactivated and the swash
plate tilts into forward or backward direction (dependingtlman servo geometry). When you
now turn the helicopter by 90° around the rotor axis,stiash plate tilt should rotate into
opposite direction than the helicopter. E.g. rotatinghégleopter counterclockwise, the swash
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plate tilt should rotate clockwise so that in princigie position of the swash plate doesn’'t
change with respect to the room. One also can detectihe swash plate rotation in this
menu.

Vib-Level 1=Low Vib. 5=High Vib.: With this parameter one can influence the vibration
sensitivity of the sensors. When a drift on onehef three axis appears under high vibrational
conditions, then changing this parameter from 1 (defdaltp higher value will help to
overcome this problem. The Vib. Level Parameter shbalchoosen as low as possible as the
lower it is, the higher the sensor resolution is. Whae can not get rid of drifts by changing
the Vib Level parameter, then the AC-3X should be malstefter or even with a little
ballast plate sticked right below AC-3X which shifts tesonances of the mounting to lower
frequencies.

Sensorcal. Tolerance:The calibration of the sensors works in the folloyviway. First a
reference value for the sensor signal on each are#sured, then the controller waits some
time and then a second measurement is done which i{gatechwith the first one. When the
deviation is larger than the Sensor Calibration Twlee value setup in this parameter, the
calibration is done once again. The default value is 1. this value after approx. 10s the
calibration is usually finished when the helicopter os the ground and without any
movement. When one reduces this value, the calibrasiamore accurate but might take
longer. Values below 4 should not be used as the catibraffectively won't be finished in
reasonable time.

2.6. STK.-Setup

Tail Rotor Expo: This parameter is used to adjust expo feeling on thestiel. With the
default value of 90 the stick feeling should be like an Futaldain F3C mode. The higher
this value is, the less the tail reacts around midstick.

SWSH Plate Expo: This parameter is used to adjust expo feeling on cygiats. With the
default value of 60 the stick feeling should be like withnanmal Bell Hiller Head without
Expo. The higher this value is, the less cyclic reaodsind midstick.

Tail Rotor Stk Deadb.: The stick deadband sets a limit on the tail stick inpetsw which
the input are ignored. The default value of 15 corresponilssgé of a full stick travel. When
the transmitter has no poti drifts, one can reduceptiniameter considerably.

SWSH Plate Stk. Deadb.:Also on cyclic a lower limit for the stick inputs cée set to
suppress very small steering inputs. The default valuehisrparameter is 15. With good
transmitter potis this value can be also reduced coasityer

Stick-Cal. Tolerance: The calibration of the middle position of the sticks ayclic and tail
works in the same way as the sensor calibration: valoes are taken on each channel an
compared with each other. The maximum acceptable dmvistiset with this parameter. The
Default value is 10. With good transmitter potis it carldveered. But be careful, a too low
value will lead to very long calibration times or vellen cause an RC-calibration failure.
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2.7. Tools

Language: With this parameter the language can be changed frommabeto English and
vice versa.

Parameter Switching: In this menu item a mode can be activated in whiah @an choose
between two sets of control parameters by switchieggain input (see Figure 3). When it is
activated all tems marked by (A/B)* in the flowchant Figure 1 appear twice, once for the
parameter set A and once for the parameter set B. \Aftt@rating parameter switching, all
parameters from set A are copied to parameter set iB.isTHone in order to avoid that non
fitting parameters can cause a damage of the helicofiter parameters then can be edited
individually. But be careful: by deactivation of parametettching all changes done on set B
will be lost as with the next activation of parameteitching, set A will be copied to set B
once again!

Figure 3: Switching between parameter sets

Receiver Setup:This menu item is used to select the type of receiged. AC-3X supports
conventional receivers and also the so called Sum-ISkgeeiver which are providing all
channels sequentially on one single pin! When the SgmaSReceiver option is deactivated
(default), the receiver channels are fed into the3XCwith the default AC-3X connector
cable assembly witch one signal cable per channetake that the Sum-Signal receiver
support is activated, the speed controler is directly ected to AC-3X on the connector next
to Swash Servo 1. The signal cable must be up. On ttiefree connector the Receiver is
connected. Here the signal cable must also be oriamge(ee Figure 7)! When the Sum-
Signal option is used, it additionally is needed to prograenright number of transmitted
channels. This can be done in an individually sub-iténthe receiver menu. Be carful to
enter this numer correct. AC-3X needs it to be ablevdlidate if the receiver signal is
interpreted correctly. Beside this, there are sixanblenu items in which the channel
numbers for the different functions must be selected!
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Menu Auto-Exit Time: In this menu item a time can be entered after witeh AC-3X
leaves the setup menu automatically. The defaultvalue lis 60s

Receiver Undervoltage Level:In this item the user can set a voltage level beldich the
voltage monitor in the AC-3X display will start blinking order to indicate, that this level
was under-run. If this was the case. The voltage diyptalonger shows the actual voltage
but the minimum voltage value!

Load Factory data and delete old dataThis function sets all parameters to factory dath.
configurations will be lost!

Lin. Sens. Calibrate: In this item it is possible to recalibrate the zsiganls of the linear
acceleration sensors of the AC-3X. To do so, the ACARXst be lie on an horizontal table
and then the middle button should be pressed. After thtwatan process AC-3X displays
the meassured zero values of the linear acceleragiososs. To leave the menu please press
the upper button.
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3. First flight in 7 Steps

This chapter describes how AC-3X is integrated into ledper and how the transmitter
should be programmed to get good flying performance witbhoimparison to an normal rigid
helicopter without electronic swash plate stabilizatiwith AC-3X one can get a neutral
helicopter with almost any rotor blade. To get optimumigseance it is important to do the
basic setup in the workshop very accurate. Thus | recoohtaefollow all the steps described
in this chapter and to assure yourself after every 8tap you have reached the step as
described. When you do so, you wil get good flying perfomeamwithout major
programming effort on the flying field.

3.1. Preparation of the Helicopter

First let me point out some basics to be kept in minénmbperating a helicopter with an
electronic swash plate stabilization.

Figure 4: Side view linkage rigid head

The adaptation of you rotor head should be done in a aythe linkage from the swash

plate to the blade grips is as stiff as possible andnbasiechanical tolerance. The linkage
should be realized either without Delta 3, which me&as the linkage is done exactly 90°

advanced to the axis of the spindle. Or alternativedylihkage can be done with 2-3° of delta
3 like in my Acrobat helicopters where the linkage s&sléhan 90° in advance (see Figure 4
and Figure 5).

The mounting points on the servo levers of the swaate [@ervos usually must be shifted a
little bit to the servo axis. For the Acrobat SE ideal value isl1-13mm, for the Acrobat
Shark it is16mm.
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Figure 5: Rigid Rotor head Acrobat SE

When operating a rigid helicopter it is important tha¢ #wash servos have a reasonable
traveling path. When the servos travel a to large amffferentiation effects become very
severe, when the used angle is to low, the resolufidheoservos might limit the reachable
fight performance. There is a further import thing te kept in mind: the swash plate
transfers collective inputs directly with a rationlol to the bald grips while cyclic inputs are
reduced by the ratio of the diameter of the outer swiaghto the diameter of the inner ring.
A typical and recommended value for this reduction is 1.5hitlwmeans that cyclic inputs
are reduced by one third in comparison to collective (Sgure 6). The adjustment of the
mechanics is explained in chapter 3.4 in detail.

Figure 6: Acrobat SE swash plate, reduction ratio 1.5:1
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| want to point out some more differences of an ebeitally stabilized rotor head in

comparison to a conventional one: Due to the electroagulation the servos have a little
more servo action than in an conventional helicopfeservo noise like on a normal Tall
servo also on swash is normal and no reason to w@ng could filter out this micro

movements but this would limit the regulation bandwidthtltd swash plate stabilization
which is the reason why | do not filter. Beside tiiie more direct linkage of the bald grips
also increases the power consumption of the servast ‘Wormal” swash servos the power
consumption with an electronic swash stabilization disubled in comparison to an
unstabilized rotor head. Thus please check your receat¢eriyp especially during your first

flights with AC-3X

During the development of AC-3X | tested several differigpies of servos. On first sight

there are to main parameters for a good swash plate émr an electronic swash plate

stabilization: it must be fast and powerful. During mst teadditionally realized that the best
suited servos are the ones which have a smooth regufatie of artifacts and overshooting
tendencies. Unfortunately there are Servos on the&kanhawhich are optimized on fast

acceleration and thus have a not negligible overshpddindency and thus are not suited for
an electronic swash plate stabilization although #reyfast and powerful. They lead only to
medium performance but extraordinary power consumption.

The following medium sized servos turned out to be gooddstotean electronic swash plate
stabilization: MPX Titan Digi 4, Futaba S9451 and the nesmalba BLS 451. ThunderTiger

DS1015 servo is a fast Servo but nevertheless doest’'tdea good performance. Graupner
JR 8822 lead to a good performance but needs twice the ¢hamgthe Futaba S9451.

On the mini servo market the Robbe FS 550 Carbon an&utaba S9650 are very good
suited. The Polo Digi 4 servos | used up to now in my Aar&E, also work on AC-3X.

For normal flying and simple aerobatics without fastdlwhanges they are fine but for harder
3D one should use Futaba 9650 in the Acrobat SE.

The FS 550 Carbon also guarantee good performance but neegoweer than the Futaba
S9650. The Power consumption is to high for the BEC ofJdr 80-6-18. To avoid an
overload with this servos one should use an extra Rdédyeor one should use the Kontronik
Jive esc.

| also tested a lot of tail servos. The state ofatieservo at the moment is the Futaba BLS
251.

3.2. Mounting in the Helicopter

With the delivered two stripes of double side tape AC-3Kasinted to the gyro platform of

the helicopter. The display must be oriented up and theectors must show either to the
front or the tail of the helicopter. It is very impant to align AC-3X as parallel as possible to
the helicopter axis in order to get best performantieowt any coupling between the axis.
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Figure 7: Pin assignment AC-3X: left normal receiver, rightsum-signal receiver

Now AC-3X is connected to the receiver and the servosthis purpose we first connect the
receiver wiring to AC-3X. The pin assignment of AC-3Xslsown in Figure 7. In case that
you want to use a conventional Receiver, the wiringosnected to the 9 most right pins
looking on the connector side of AC-3X. The wiring must driented in a way that the
brown, white and yellow cables are on the most rghtrow. On the second row from the
right there is the connector with the green, red aadkbtables, on the third row from the
right the connector with the blue, red and black cable.

The right orientation of the receiver wiring is very important. A wrong orientation
might cause a short circuit of the RC-voltage supply!

In case that you want to use a sum-signal receivemithassignment is like Figure 7 on the
right side. The ESC with integrated BEC is connectethéahird connector collumn from the
right. The Receiver is connected to the second! Herethe correct orientation is important
to avoid short circuits!
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Figure 8: AC-3X with receiver wiring and 4 Servos connected

When you use a normal Receiver now the receiver gvisnconnected to the receiver. The
cables and connectors are color coded. This is the

Channel assignment of AC-3X:

impulse cable colour function
blue cable elevator
green cable pitch
white cable aileron
brown cable tail
yellow cable sensitivity

Depending on the receiver type it might be necessasgdare the receiver connectors in the
receiver with a stripe of tape.

In case that aum-signal receiveris used, you should swith on AC-3X at this point to do the
AC-3X receiver setup. AC-3X will come up with an erroregsage as it won't be able to
calibrate the RC-channels. By pressing the uppermosbrbytiu can go over this message.
Please go into the Tools menu of AC-3X and open theivierceetup. You first have to
activate the sum-signal receiver support. When it isated, you have to enter the number of
channels the receiver is transmitting. This is vergortant as AC-3X needs this number to
validate the signals from the receiver. The nextgthim program is the correlation of the
different channels to the RC-functions. This is donée following 6 menu items. Especially
the thottle channel must be set as this is the @havimch is routet to the servooutput next to
the swashservol connector (ref. Figure 7).

In principle at least 6 channels are needed to fly A€k3X. If you only have a five channel
receiver, e.g. a modified Futaba Fasst receiver, youlazknboth Swash and Tail Gain to
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100% and by doing this five channels on the sum-signaéivescare sufficient to fly (gain
permanently fixed at 100%).

Figure 9: Servo orientation (factory defaults)

Now the servo cables are connected to AC-3X. Theaxion next to the receiver wiring is

for swash servo 1, the next for swash servo 2 andhife for swash servo 3. The fourth
connector at the edge of the housing is for the tav@eAll four connectors have to be

oriented with minus cable to the lower side (Impulselecabviented to the display). The

default orientation of the three swash plate senvdbea helicopter is shown in Figure 9. The
servo positions can be edited in the swash plate setwp.oflientation is given in degrees
relative to the helicopter axis. The 0°-position iskimg forward. The angle is increasing
clockwise (see Figure 8).

All cables should me fixed without any tension and wittmall radius as shown in Figure 10.
It is important that the fixation of the cables ddestluence the orientation of AC-3X which

iS mounted on a tape!

Important note: Do not mount anything to AC-3X itself. This influencd®e frequency
response of the mounting and thus also the functional giepef AC-3X!
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Figure 10: Mounting AC-3X on an Acrobat SE
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3.3. Transmitter Setup

Now first the transmitter and afterwards the receiseswitched on. AC-3X will display the
start up screen with AC-3X logo and serial number. le@sd step AC-3X calibrates the
middle stick impulse lengths for aileron, elevator antd Eiring this stick initialization the
sticks may not be moved as otherwise the initiabratwill not succeed. A successful
initialization is acknowledged by a status screen. thira step the neutral voltages of the
three rate sensors are calibrated and after a sudcdssh of the calibration this is
confirmed and AC-3X switches to operational mode withibrmal status screen. The servo
output is now enabled. Before the successful finishet#iibration AC-3X does not react on
the transmitter sticks! The operative status scregiags the actual values of the 4 control
channel, the gain value set from the transmitter,uded flying condition (only if parameter
switching is activated in the tools menu) and the vecdiattery voltage (Figure 11).

Figure 11: Status screen of AC-3X after successful calibrain

Now the basic setup of the transmitter is ddfiest we select the helicopter mode with
mechanical swash plate mixing and deactivate all mixing funans which might be
preselected in the transmitter. All mixing required for the swash plate is done inside
AC-3X! When the transmitter sticks are move independently asingle value displayed by
the AC-3X may change! If this is not the case thsious that there are still mixers activated
on the transmitter side. Now AC-3X should be switchddod one again. In case that during
the last startup some mixers were still activated,zére position calibration might be faulty
and thus it is better to reinitialize again.

In case you are not using an Futaba transmitter with k5%@mtral pulse length you should
subtrim your pitch channel in the transmitter so #iamiddle stick position of pitch P=0 is
displayed by AC-3X. Now for all channels (P = Pitch,NNck (German) =Elevator, R=Raoll
(German) =Aileron, H=Heck (German)=Tall ) the traad|ust in the transmitter is adapted to
get exactly -100 to +100 as minimum and maximum values displayaC-3X.

The right sense of direction for the four steering ob&nis the following: Positive Pitch
corresponds to positive P values in the display, ailegit corresponds to positive R values,
elevator forward corresponds to positive N values andigdit corresponds to positive H
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values. If you do not have this senses of directioasglaise the servo reverse function of
your transmitter to correcAfter correcting it please check once again that middle stk is

still 0 and that you still have stick travels of -100 to +100.

Depending on whether you are instaling AC-3X in a newcdwgter where no setup is
existing or whether you already have a setup for youcdpgker type, set the sensitivity
channel to a Gain value 60% for unknown setups at00% for known setups (see Figure
12). This can be done either in the gyro menu of yourstnéter or via travel adjust. For
unknown setups it might be better to start with reducesitgaty in order not to take the risk
of getting oscillations in the first fight. Now AC-33hould be switched off again.

Figure 12: AC-3X at 60% Gain
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3.4. Basic Setup of the Helicopter

All adjustment described in this chapter should be donén the AC-3X setup menu if not
explicitly stated different! Only in the setup menu the flight control regulators inaetive
and the setup of servo zero positions and servo tapelssible.

First the used servo types must be selected in thersemeo For the tail servo four different
modes are possible which are different with respefratoerate and neutral pulse width:

Supported tail servos:

Framerate | Center Pulse length Examples
Typl|165Hz 1500 ps Standard tail servos (incl. DS8700)
Typ2|330Hz 1500 ps Gyro Servos (Futaba 9253/4/7...)
Typ3|330Hz 760 ps Futaba 9251/9256/BLS251
Typ4 | 330Hz 960 s Logitech tail servos

After choosing the tail servo type, the correct sattirection must be selected. In the setup
menu the RC signal is directly routed to the servo sb ¢ime can directly observe the tail
servo direction when moving the transmitter stickthi§ is not the case, please change the
servo direction with servo reverse in your transmitiéow the middle position of the servo is
adaptedFor this purpose you must got to the menu item "Servo Zero Pdsas only here

the torque feed forward on tail is deactivated! Now the tail servo lever is mounted to the
servo. Take care that it is already oriented as perpdadias possible to the tail linkage. The
fine adjustment then is done via the tail servo zemtipa calibration function until linkage
and lever are perfectly perpendicular as shown in Figure 13.

Figure 13: Orientation of the tail servo lever.

Atfter finishing this, the length of the tail linkageadapted so that the lever at the tail gearbox
is also perpendicular to the linkage. The tail blades sloould have 5°-10° pitch against the
torque direction. Now the servo limits A and B for tiad servo are adapted in the menu
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servolimits. The full travel path of the tail sliderosild be covered as can be seen in Figure
14. To get optimum tail stabilization performance thetdron both sides should be between
900 and 1200. If they are smaller, please shorten the e if they are larger please use a
longer lever. By the way: the limits should be asragtnic as possible. Larger differences in
the limits are an indicator for an assymmetric paith travel and will result in differences in
the stopping behaviour from left and right pirouettes!

Figure 14: Position of the tail pitch slider - full tail left and right

Now the framerate for the swash plate servos mustleeted in "Servo Typ Configuration —
SWSH-Servo-Frequency”. For most digital servos you canmto a framerate of 200 Hz.
With analog servos the framerate should not be largan t80 Hz. The stabilization
performance becomes better with larger framerate.bButareful, there are some servos on
the market which do not work with the framerates statgove. So in case you observe some
abnormal servo action or extra noise, please redueefrmerate until the servos work
smooth again.

The right servodirections can be set in the menu 'iteenvoreverse"” for the servos 1-3. First
choose the directions in a way that all servos amming synchronously on pitch action. If
you have managed this, the direction of aileron, etevat pitch might be still reversed. This
direction can be changed in the "SWSH. Setup” menu bggeiw the direction of the
relevant inputs from 80% to -80%.
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Figure 15: Servo lever at 0° pitch perpendicular to SWSH-linkage

After the servodirections of the swash plate servesiaw correct the servo levers have to be
aligned in a way that at 0° pitch posititime linkages going from the servo levers to the
swash plate are perpendicular to the levers (compare Figurg5). To reach this situation
please first preadjust the level by mounting it in tharest position and then do a fine
adjustment for each servo via the AC-3X subtrim functwrthe SWSH-servos 1-3.

Figure 16: Cyclic angle of 7° at full swash stick input

In a next step we check if the helicopter mechanicpraperly setup and adapted to an
electronic swash plate stabilization like AC-3Phis check must be done in the setup menu
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and the swash mixer must be set to a value of + or - 80% oneaibn and elevator! Now
please check the mechanical travel at the blade grips wbu go from a neutral swash stick
position to a maximum steering input on swash plate. dygéc angle should be approx. 6-
7°. The travel on pitch should be 8-12° to both sides (coaripigure 16 and Figure 17) .

In principle one could adapt the cyclic and collectiverdtaria the travel adjust menu in the
servo setup and the pitch mixer in the swash setup meatraglically. But | recommend to

do this only by a few %. If the servo travel adjustl ha be adapted by more than 30% with
respect to the default value of 1000 units to get 6-7° cyclithe pitch mixer had to be

adapted by more than 20% with respect to the default v&ld@% to get 8-12° of pitch then

the servo levers should be adapted on their length aswosle the resolution of the servos
will limit the flight performance. The main focus shddde on cyclic as the algorithm in AC-

3X assume to have 7° cyclic and are optimized on thigevadtitch is not actively controlled

and thus a bigger change on the pitch mixer only resulisnot optimal reaction on pitch but
has no effect on the flight stability.

Figure 17: Full pitch, 10° on the blade grips

After setting up cyclic and collective like described a®owne should also check if the swash
plate is running straight up when the pitch stick is moltechight be that there is also some
cyclic admixture. This is due to different servo travBlaring my tests with AC-3X | realized
that even with servos bought at the same time theo deavel might vary up to 10%. To
correct this one should adapt the servo travel for eaesh plate servo individually until the
collective movement is perfectly free of any cyel@mixture.

Now we have to check for the correct directions ef stvash plate- and the tail gyro. To do
this please go into the Sensor Setup of AC-3X. In thes& Setup menu of AC-3X the
sticks are deactivated and the servos are only reautiritpe integrated signals of the gyro
sensors. Now take the helicopter and rotate it arouadaitbron axis and watch the swash
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plate. The swash plate must rotate in the opposite directiam tthe helicopter. If this is not
the case, change the direction of the aileron senshe Sensor Setup.

Now check the elevator axis. Here it is the sameanwou tilt the helicopter around the
elevator axis, the swash plate must tilt in oppositection than the helicopter. In case this is
not so, change the sensor direction for the elessiosor.

Finally also check for the correct direction of thé gyro, it must damp a rotation around the
helicopter main shaft which means that the back ehdsectail blades should move into the
direction in which you move the tail of the helicoptHrthis is not the case, change the tall
sensor direction in the sensor setup.

The next step is to check for the right direction & iftegrated torque feed forward on the
tail. The direction of the DMA feed forward must push agiathe torque of the main rotor
when the absolute value of collective or cyclic oraslwplate is increasetote: There are
helicopters on the market like Aligns or Logo 500/600 whidjuire an inversion of the
DMA direction.

Before you can start the first flight with AC-3X youoshd also check the direction of the

integrated pirouette correction. To do this, go to the @ntation menu. The swash plate will

tilt into forward or backward direction. Now turn theit@pter around the main shaft axis by
90°. The swash plate tilt direction should stay unchangddisnmaneuver. Relative to the

helicopter the tilt direction of the swash plate shdwdde turned by 90° in opposite direction
than the direction you have turned the helicopter. Be dhat this is not the case and the
swash plate turned into the same direction as theop#dic then please invert the “axis

rotation” direction. “Axis rotation” can also be d&aated. This might be useful if you are

using analog servos which can be operated with a fréenefaonly 65 Hz. In this case, the

axis rotation might lead to a tumbling of the helicopterfast pirouettes during dynamic

flight.

3.5. First Flight

Now we can go out for the first flight with AC-3X. Thiefault parameters are adapted to an
Acrobat SE with Polo Digi 4 servos with 13mm leversswrash plate and a BLS 251 with
13.5 mm level on the tail. In case you have an heliedptewhich a setup is listed in the next
chapter, then you should use these parameters. Forhall belicopters the default setup
should be a good start. For very small helicopter lileTitex 450 | recommend to reduce the
look ahead gain on swash plate to 45. In case you hawaledsAC-3X on a very large
helicopter or in case that your helicopter has araextlinary low headspeed or a multiblade
head, | recommend to also read the FAQs on such systamspter O.

Before the first take off please check the direction ofhie gyros on all three axis once
again. In case that the gyros are inversed, the helicopter ismcontrollable and thus a
danger for the spectators. Also do never fly in the setup me, here the gyros are
inactive and thus the helicopter might also be uncontrollable

When you are convinced that everything is correct yaustart for the first flight.

But be careful:
The take off with an electronic swash plate stabilization is diérent to a
conventional Bell Hiller rotor head. If the helicopter is spinning up an the stick are
moved while the helicopter is still on the ground amoamove, the swash plate will
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tilt up to the maximum possible swash plate angle. Ithpicincreased to suddenly
now, the helicopter might tilt and the blades mighttidt ground. To avoid this, one
should spin up the system with 0° Pitch (P=0 in the AC-33pBy ) and not give
large steering inputs on swash plate so that the swath iplkept horizontal. When
the right headspeed is reached pitch should be increasdly tadift off.

The cyclic agility of a rigid rotor head can be verghiln AC-3X the cyclic agility is
set up in the swash setup via the aileron and elevaxer.riihe default values of 80%
will lead to an agility comparable to an agile convemai rotor head. If you are used
to fly bigger and less agile helicopters then you showdae the aileron and elevator
mixer values to 60% in order to reduce the agility ofhtekcopter for the first flight
(but be careful, do not change the sign of the ailermhedevator mixers as otherwise
steering directions are inverted)

The helicopter should hover without any permanent @gseis. Depending on the type of
helicopter it might be that the helicopter is a little bt lethargic on steering inputs and
that the stopping behavior is not optimal. This is due to théact that we set the gain to
60% before. If the helicopter is drifting into on direction, osbould correct this by tilting
the swash plate mechanically by changing the lengthbkeofinkages from the servos to the
swash plate. Do not compensate such a drift by trimnfdnging the transmitter setup we set
the gyro gain to 60% in case that the helicopter is unknamno setup is already existing.
Normally the default parameters should not lead to aojlat®ns so thatve can go up to
100% gain in the AC-3X display now and then finalize the setup

3.6. Tail Rotor Setup

To achieve optimum flight performance we have to adapesparameters on the helicopter.
First we will take a look at the tail rotor. Thereedive parameters in the tail setup which
have already been described in chapter 2.2.2..

To optimize them one should start with a look at tlo@ging behavior of the tail. If the tail is
stopping relatively soft with a tendency to drift bacteathe stop, then one should increase
proportional gain until a high frequency oscillation oé ttail can be observed. When this
level is reached, proportional gain should be reduced byhinae For the Acrobat helicopters
the default integral gain of 45 should be sufficient to gebmstant pirorate so that integral
gain needs not to be changed. Only if pirouetting is isistant due to wind effects, | should
be increased.

The next parameter to be fine tuned is the Tail Stigkaic. To optimize it one should
pirouette with high speed in the direction of the of tiegn rotor torque and then suddenly
stop. The tail must stop without any bouncing. In caaeé ttie tail is bouncing back, the Tall
Stick Dynamic is to high and should be reduced. When ihis t&reping very slowly to the
stop position, the Tail Stick Dynamic is to low and @idabe increased. With the Tail Stick
Dynamic it should be possible to optimize the stop up poiat where the tail stops without
any bouncing at all'! When you found this value make thentmycheck in the other direction.
It might be, that you have to reduce the Tail Stick dyadm one or two digits to get an
optimal stop also in the other direction.

After optimizing the stop, we now hover the helicopad look at the tail. In some cases it
might be that the tail is wiggling at low amplitude andjfrency. This is an indicator that P-
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gain in relation to the I-gain is not high enough. Thuke tail is wiggling slowly, one should
increase P-gain until the wiggling vanishes. If thinas possible as the tail starts to oscillate,
please decrease I-gain slightly until the wiggling stops!

The maximum pirorate is adjusted with the travel adjusttion of the transmitter. 100%
RC-value on tail displayed by AC-3X corresponds to a pieood 600° per second. To give
exponential on the tail in order to be more sens#ireund midstick, this can be done in the
“Stick Setup - Tail Rotor Expo”. The default value of 80U iead to an stick feeling similar
to an Futaba GY 601 in F3C mode.

To finalize the tail setup the DMA Gain parameter tfog torque feed forward on tail can be
adapted, although the default value of 40 should fit for melstdpters.

The procedure how to adapt this parameter is describeuaptar 2.2.2. Be aware that the
DMA Gain has the right sign so that the torque feed dmdwcompensates the main rotor
torque.

3.7. Swash Plate Optimization

After the tail setup one should fine tune the swash gigte parameters described in chapter
2.2.1.

Similar to the tail rotor setup we start with optimgithe stopping behavior from flips by
adjusting the proportional (P) and integral (1) gain. Thal goto make the helicopter follow
the stick as neutral as possible especially during haed alaanges. On should start with
increasing P and | synchronously. Doing this one shobkkmwve that first the stopping is
becoming crisper but with increasing both parametersemnod more some bouncing back
appears. One hast to find the point of the crispiesthast neutral stopping. Once having
found it, one should do a fast forward flight an then giw&hort kick on elevator an observe
how the helicopter reacts. If the helicopter doed@itt4o oscillate periodically then the right
balance of P and | is already found. If the helicoptans to oscillate, then one should reduce
P until the oscillation in fast forward flight stops.

Now we should have a lock on the behavior of the tyeler around midstick. If the
helicopter behaves to sensible on elevator and ajlewne should reduce the “Look Ahead
Gain” parameter. Especially on small machines likex @80 at high RPM, the default value
of the “Look Ahead Gain” of 75 might be to high.

At this pointtwo important notes concerning the parameters on the swashdgie:

- If the helicopter has a tumbling tendency when eitltera¢or or aileron is moved and
both axis seem to be somehow coupled, then usuallymhghsplate has not the right
orientation and thus the axis are coupled (see Figure 4)

When increasing P and | synchronously it might happen ttiea helicopter doesn’t
start to oscillate on elevator. In this case onfgst shaking back at high gain can be
observed and the helicopter feels somehow undefinedeinstitp. This undefined
stopping might be misinterpreted as a to low gain but asing it further more won't
help to overcome this phenomena. Thus when you fetlttieastopping is still soft
and increasing gain is not helping to overcome this propthat reduce P and | by at
least one third and then try again to find the pointhef most neutral stopping. In
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general it is more comfortable to operate AC-3X ab #otv P- and I-Gain than at to
high values of this parameters.

To finalize the Swash setup one should adapt the cyths ito the own habits. This can be
done in the “Swash Setup” via the “Aileron-Mixer” arfee t“Elevator-Mixer”. A reduction of
these two values corresponds to a reduction of the oatéise axis and vice versa. If you like
expo feeling on cyclic, you can use the ,Swash plate Egpoameter in the “Stick Setup”.
The default value is 60 which should generate almost the sdick feeling like the Bell
Hiller head on the Acrobat SE.

Using different flight conditions

With AC-3X you can change the gyro gain on all thres aynchronously via the sensitivity
channel from the transmitter. This can be of big tisgou want to fly with different
headspeeds or with different flight conditions. During tifa@smitter setup we set the gain on
60% in the AC-3X Display and then changed this value to 10086 the first flight. The gain
value can be set at 25% in minimum and up to 150% as maximaithas this parameter can
be used to adapt the overall gyro sensitivity to the likenthe gyro gain in a conventional
gyro.

Since software version 4 of AC-3X it is now also phlssto lock the gain for the tail gyro or
the swash plate gyros individually. This can be doneLotK Tail Gain 100 %" and "Lock
Swash Gain 100 %". If one of this parameters is aetiyjahe corresponding gain is locked to
100% and does no longer vary with the RC input.

Also new in SW version 4 was the option to switchnasn two sets of control parameters.
To use this option, one has to activate “parametetcking” in the tools menu. The
parameters marked by a “*” in Figure 1 are then doubled enrtienu and can be set
individually for two flight conditions. To switch betwedoth parameter sets the gain channel
is used (see Figure 3). The active condition is displayethemAC-3X main screen when
parameter switching is activated.

The setup of AC-3X is now finished. My experience iyt thfter the first fights one observes
things that need to be optimized. The detailed effecllgbarameters is thus described in
chapter 2.

In the following chapter setups for different helicoptans collected.
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4. AC-3X Setups

In this chapter AC-3X setups for different helicopterthwdifferent servo types are listed. |

only list the gyro parameters for the swash plate afidyyro but not the servo an sensor
parameter which are helicopter and installation sgeaiid thus need to be setup individually
in the workshop. | also do not list the stick parametdrieh have to be adapted to the pilots
preferences.

With every setup a headspeed with which the parameteesldeen flown is given. When a

higher headspeed shall be used the overall gain in th8XARas to be reduced and when you
want to use a lower headspeed you usually can increasgdtedl gain above 100%.

During my test flights | observed that unfortunately ¢hare some servos on the market
which have a certain spread in their parameters. Edlgdtie servo travel might be different
also the servos are of the same type. This hasalgffect on the setups as if a servo is doing
a larger travel one effectively has a larger gain théh a servo with smaller travel. But
when the basic setup described in chapter 3 is done datbtiimechanical necessarities for
a goof setup should be met and thus with the setups beloavflyory should be reached. It
might be, that with the own individual servos the swplstte travel adjust values after the
basic setup of the helicopter are different from thondée tables. In this case please use your
own individually adapted values.

The tail gyro parameter are listed for tail servotliafi1000 units. Is the tail linkage done in a
way, that you can use larger tail servo limits, tHaa means that also the parameters listed
for P- , I- and DMA-gains should be increased by theestattor. When the Servo limits are
e.g. 1300 instead of 1000, this means that the gains abavéonkee multiplied by 1.3.

36
www.acrobat-helicopter.com

E-Mail: stefanp@eheli-tuning.de




4.1. Acrobat SE Setups

All Acrobat SE setups have been flown at 2000 rpm withtal gain of 100% in the AC-3X

display.

Setup: | Acrobat SE & FS 550 Carbon

Swash plate Setup: Tail Setup:

Servos Robbe FS 550 Carbor Servo Futaba BLS251
Lever length 11mm Lever length 13,5 mm
Travel Adjust SW 1000 P — Gain 45

P — Gain 60 | — Gain 50

| — Gain 70 DMA Gain 45

Look Ahead Gain 70 Tail Stick Dyn. 28

Power Consumpt.

Relatively high, with Jazz 80-6-18 BEC: imeisupported

Setup: | Acrobat SE & Futaba S9650

Swash plate Setup: Tail Setup:

Servos Futaba S9650 Servo Futaba BLS2
Lever length 13 mm Lever length 13,5 mm
Travel Adjust SW 800 P — Gain 45

P — Gain 60 | — Gain 50

| — Gain 70 DMA Gain 45

Look Ahead Gain 65 Tail Stick Dyn. 28

Power Consumpt.

low, Jazz 80-6-18 BEC sufficient

Setup: | Acrobat SE & Multiplex Polo Digi 4

Swash plate Setup: Tail Setup:

Servos Multiplex Polo Digi 4 Servo Futaba BLS25
Lever length 13 mm Lever length 13,5 mm
Travel Adjust SW 800 P — Gain 45

P — Gain 50 | — Gain 50

| — Gain 60 DMA Gain 45

Look Ahead Gain 65 Tail Stick Dyn. 28

Power Consumpt.

low, Jazz 80-6-18 BEC sufficient
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4.2. Acrobat Shark Setups

All Acrobat Shark setups have been flown at 1800 rpm witbta gain of 100% in the AC-

3X display.
Setup: | Acrobat Shark & Futaba S9451
Swash plate Setup: Tail Setup:
Servos Futaba S 9451 Servo Futaba BLS251
Lever length 16 mm Lever length 13,5 mm
Travel Adjust SW 1000 P — Gain 70
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P — Gain 60 | — Gain 50
| — Gain 60 DMA Gain 45
Look Ahead Gain 70 Tail Stick Dyn. 26

Power Consumpt.

approx. 230 mAh per 6 minute flight

Setup: | Acrobat Shark & Futaba BLS 451

Swash plate Setup: Tail Setup:

Servos Futaba BLS 451 Servo Futaba BLS2
Lever length 16 mm Lever length 13,5 mm
Travel Adjust SW 1000 P — Gain 70

P — Gain 55 | — Gain 50

| — Gain 60 DMA Gain 45

Look Ahead Gain 70 Tail Stick Dyn. 26

Power Consumpt.

approx. 260 mAh per 6 minute flight
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Setup: | Acrobat Shark & Multiplex Titan Digi 4

Swash plate Setup: Tail Setup:

Servos Multiplex Titan Digi 4 Servo Futaba BLS251
Lever length 16 mm Lever length 13,5 mm
Travel Adjust SW 1000 P — Gain 70

P — Gain 60 | — Gain 50

| — Gain 60 DMA Gain 45

Look Ahead Gain 70 Tail Stick Dyn. 26

Power Consumpt. approx. 250 mAh per 6 minute flight

Setup: | Acrobat Shark & Graupner JR DS 8822

Swash plate Setup: Tail Setup:

Servos Graupner JR DS 8822 Servo Futaba S9256
Lever length 17 mm Lever length 13,5 mm
Travel Adjust SW 1000 P — Gain 70

P — Gain 55 | — Gain 50

| — Gain 60 DMA Gain 45

Look Ahead Gain 70 Tail Stick Dyn. 26

Power Consumpt.

approx. 440 mAh per 6 minute flight

4.3. Voodoo 600 Setup

The Voodoo setup has been flown at 1800 rpm with a total @ail00% in the AC-3X
display. The main rotor blades were Edge 603 Flybarlakblades were Edge 105mm.
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Setup: | Voodoo 600 & Futaba BLS 451/2

Swash plate Setup: Tail Setup:

Servos Futaba BLS 451/2 Servo Futaba BLS251
Lever length 16 mm Lever length 13,5 mm
Travel Adjust SW 1000 P — Gain 70

P — Gain 60 | — Gain 50

| — Gain 55 DMA Gain 50

Look Ahead Gain 50 Tail Stick Dyn. 30

Power Consumpt.

not measured

4.4. Logo Setups

At first | want to give some advice on the use of ACi8XMikado Logo Helicopters. This
helicopters may produce strong static discharges betweentail belt drive and RC-
components. Thus, in case AC-3X shall be used in a Libgoyery important to assure an
electrical connection between the tail shaft, tl®r and some discharge plate which is
mounted in the main chassis very close to the behdnarea where the belt leaves the boom.
In case the tail servo has a metal housing, it cem laé sufficient to establish an electrical
connection between the tail shaft, the boom andtaéileservo housing. Without such an
electrical grounding of the belt, AC-3X in a Logo might disturbed or even damaged by

electric discharges.

The following Logo 600 setup has been flown at 2050 RPM headispde100% gain in the

display.
Setup: | Logo 600 & Graupner JR DS 8822
Swash plate Setup: Tail Setup:
Servos Graupner JR DS 8822 Servo Futaba BLS251
Lever length 17 mm Lever length 13,5 mm
Travel Adjust SW 1000 P — Gain 80
P — Gain 65 | — Gain 50
| — Gain 70 DMA Gain -70
Look Ahead Gain 85 Tail Stick Dyn. 26
Power Consumpt. approx. 350 mAh per 6 minute flight
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4.5, Trex 250 Setup

This is a setup for a Trex 250 with Align CFK main rolitades at a headspeed of 4500 RPM.
To fly it rigid, the flybar has been removed and th&imgi arms which were attached to the
flybar mount before where screwed to the main rotdr ihto the threads of the flybar mount.
Then the blade gripes where linked from the rear sidéh@amixing arms. The mechanical
ratio of 1:2 of this linkage is ideal for a flybarlestigp. When using AC-3X on the Rex 250 it
is very important to mount AC-3X on a stable platfoiithe original gyro mount of the Trex
is not stiff enough and thus can shake which limitgpgmormance of AC-3X severely!

Setup: | Trex 450 SE & Hitec HS 65

Swash plate Setup: Tail Setup:

Servos Align DS410 Servo Futaba S9257
Lever length 10.5 mm Lever length 6.5 mm
Travel Adjust SW 1000 P — Gain 30

P — Gain 50 | — Gain 35

| — Gain 50 DMA Gain -40

Look Ahead Gain 65 Tail Stick Dyn. 20
Power Consumpt. Low, no problem for Align ESC BEC

4.6. TRex 450 SE V2 Setups

This is a setup for a Trex 450 SE V2 flown at 2700 RPM headspilk 100% Gain in the
display of AC-3X. The blade grips were modified in a wagttthe distance between both
linkage points at the blade grips is 40mm. In case thaglehheadspeed is needed you
should reduce the Look Ahead Gain on swash plate furthethaswise the Trex behaves to
nervous on cyclic inputs. The framerate for the HS Ghulshnot exceed 65Hz as it is an
analogue servo which was not designed for electronislsyéate stabilization. Although |
publish this setup here, | recommend the digital Hitec5A&5 servo for better performance
in 450 helicopters.

Setup: | Trex 450 SE & Hitec HS 65

Swash plate Setup: Tail Setup:

Servos Hitec HS 65 Servo Futaba S925
Lever length 10 mm Lever length 10 mm
Travel Adjust SW 1000 P — Gain 50

P — Gain 50 | — Gain 50

| — Gain 45 DMA Gain -50

Look Ahead Gain 55 Tail Stick Dyn. 20
Power Consumpt. Low, no problem for Jazz 40-6-18 BEC

The second setup for the Rex 450 is a setup for the digited HS5065 MG servos at 3000
RPM (100% Gain in the AC-3X display). This servos candi@ar200 Hz swashservo
framerate which enhances the control performancdabyn comparison to the analogue
HS65. The mechanic setup again was done in a way thawthénkage balls on the blade
grips have a distance of 40mm to each other.
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Setup: | Trex 450 SE & Hitec HS 5065 MG

Swash plate Setup: Tail Setup:

Servos Hitec HS 5065 MG Servo Futaba S9257
Lever length 10 mm Lever length 10 mm
Travel Adjust SW 1000 P — Gain 50

P — Gain 50 | — Gain 50

| — Gain 50 DMA Gain -50

Look Ahead Gain 55 Tail Stick Dyn. 20

Power Consumpt.

Low, no problem for Jazz 40-6-18 BEC

4.7. TRex 500 Setup

This is a setup for a Trex 500 flown at 2700 RPM headspeedl@®@fo Gain in the display
of AC-3X. The blade grips were modified in a way that tieance between both linkage
points at the blade grips is 50mm. If you want to fly Bex 500 with only 2200 RPM
headspeed, then | recommend to increase Tail-P-GaB0180 as the aerodynamic tail
performance of the Rex 500 drops severely when RPM igadsed. Thus P-Gain should be

adapted
Setup: | Trex 500 & Futaba S9650
Swash plate Setup: Tail Setup:
Servos Futaba S9650 Servo Futaba S9253
Lever length 13 mm Lever length 13 mm
Travel Adjust SW 1000 P — Gain 65
P — Gain 60 | — Gain 50
| — Gain 60 DMA Gain -60
Look Ahead Gain 75 Tail Stick Dyn. 28
Power Consumpt. Low, no problem for Jazz 80-6-18 BEC
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4.8. Revolution Setup

This is a Setup for the Revolution of Heli-Professidloavn at 1800 RPM with 100% Gain

in the AC-3X display. The linkage from servos to theorohead was done in the way
described in the Heli-Professional Rigid modificatiomore.

When setting up the tail servo please got to the setup amgh position the pitch stick to 0°.

Now adjust the servo in a way that the side of therlew the tail facing towards the tail gear
housing is parallel to the surface of the tail gearingsimg. When this is the case, the right
tail pitch value for 0° pitch is adjusted. Please settditeservo limits to 1250 on both sides.
This amount of travel is sufficient to reach the masn tail pitch values which are

aerodynamically reasonable!

Setup: | Revolution & Futaba S9351

Swash plate Setup: Tail Setup:

Servos Futaba S9351 Servo BLS251
Lever length 7.5 mm (Push Pull with Lever length -

15mm distance between
the linkage balls)

Travel Adjust SW 1100 P — Gain 90

P — Gain 65 | — Gain 60

| — Gain 65 DMA Gain 60
Look Ahead Gain 75 Tail Stick Dyn. 25
Power Consumpt. Jive HV BEC sulfficient

4.9. Three Dee Rigid Setup

This is a setup for the TDR with the CR Rigid Bladesvfloat 1700 RPM with 100% Gain in
the AC-3X display. All linkages where done as explainedhen TDR-Manual. For Speed
flight at 1900 RPM, | recommend to lower the overall gairB5%, for soft flying at 1400
RPM you should increase gain to 115%.

Setup: | TDR & Futaba BLS451

Swash plate Setup: Tail Setup:

Servos Futaba BLS451 Servo BLS251
Lever length 18mm Lever length 10.5mm
Travel Adjust SW 800 P — Gain 55

P — Gain 60 | — Gain 50

| — Gain 60 DMA Gain -70
Look Ahead Gain 55 Tail Stick Dyn. 26
Power Consumpt. Jive HV BEC sulfficient
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5. Frequently Asked Questions — FAQs

In this chapter | want to collect a list of questi@m& answers which came up to me several
times.

Why does AC-3X does not have different parameter sets to swhtcbhetween during
flight?:

Due to the whishes of many of my customers SW Verdioow is able to switch between
two sets of parameters. Nevertheless, in my opinibis, is parameter switching is not
mandatory. Let me shortly explain why:

The goal of an electronic flight control is to conitttee helicopter in a way, that it follows the
stick inputs as precisely as possible. The control gaithe different axis needed to meet this
requirement of course depends on the headspeed of thepterlies the aerodynamic effect
of the rotors depends on the RPM. So to stay on theapt working point for the gain, the
gain has to be adapted rpm dependend. To do this one sirglall @ain parameter is
sufficient. Like in conventional Gyros also in AC-3Kid parameter is designed as an RC-
input to be set from the transmitter. An adaptationndividual control parameters for the
swash plate or the tail is not needed! If a pilot in @aldito this wants to change the reaction
of the Helicopter to his steering inputs for differeiight situations, he can do this by using
different flight conditions in the transmitter. WithuBl Rate the maximum rates on the
different axis are adaptable, with exponential thetr@a@round the midstick position can be
modified.

The tail rotor performance is worse since | changed to AC-3Xyhy?

The AC-3X factory settings for the tail parameters@ygmized on the Acrobat SE tail rotor.
The SE is operated with very low proportional gain . tdial as otherwise the tail becomes
shaky. The tail setups of most other commercial helexs are a little bit different so that
they need much higher proportional gain. So on mostdmécs (e.g. Logos, Trex 500-600,
TD NT, TD MP,...) a good start value for the optimiaatiof the tail performance is an
proportional gain of 80 but you should not mind if you evesdne gain of above 100.

What is the SW Version of my AC-3X?

During the booting up phase of the AC-3X the version nundfeAC-3X, e.g. 1.3, is
displayed. The first digit represents the hardware revisicAC-3X, 1 in this case, the second
is the SW- Version, 3 in this case.

Are there special setup aspects for helicopters with lowpm or multiblade rotor heads?

In principle you can setup any rotor system with thes@rrocedure described in chapter 3.
Nevertheless the aerodynamic behavior of a multiblader is different to a normal two
blade system and thus the cyclic pitch travel has tadapted. In order to be sure that the
rotor head geometry is correct, | recommend to proce#kifollowing way:

Reduce the P- and I-Gain in the Swash regulator setupatal @et the Look Ahead Gain to
100. The swash plate is now controlled directly from gtieks. Then leave the setup menu
and verify that the swash gyros are inactive and wesls plate can be steered like on an
conventional RC-helicopter. Modify the linkage to tlwor head in a way that the cyclic
travel on the blade grips is approximately 4°. Having dbige you can do the first hoovering
attempts. Without forward speed, with this cyclic travbé helicopter should hoover like a
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normal Bell Hiller head. If this is not the casemshing is wrong with the linkage ratio of

the rotor head and even an electronic regulator woa'table to stabilize the helicopter

perfectly. Thus you should modify the linkage. When théctyeler reacts too nervous on

stick inputs, the linkage has to be modified in a way thatcyclic travel on the blade grips is
reduced, when the helicopter is reacting to slow, tlo#icciravel should be increased. When
the hoover is stable one again checks that the v®R€aGain value in AC-3X is at 100% and

than one increases P- and I-Gain in the Swash Reguslatop synchronously in steps of 10.
After every step one should check whether the hooigt fis more stable or not. In case that
hoovering is more indifferent, this indicates that fyeo sense on one of the axis is wrong
and you should correct this. Normally one should incr&asand I-Gain to approximately 50

without any problems. Having done this, one can optirtlizesetup as described in chapter
3.6 and 3.7.

What is the reason when the helicopter is drifting around oe axis although the
initialization of AC-3X finished without any problems?

This might be caused by two things: there might be hed@dwnations in the system which
influence the gyros in AC-3X. In this case AC-3X shouddrhounted softer e.g. with two
layers of the mounting tape. A further reason might keifaof the transmitter potis. When
they are drifting, one can already observe this orgtbend when e.g. the tail slider is slowly
drifting to one side although the motor of the helicopgeswitched off. When this is the case
please increase the stick deadbands in the stick menthisiphenomena vanishes!

Why do the servos move so slow when beeing in flightmode?

This is due to the control algorythms working in AC-3Xhé&W the helicopter is on the
ground and cannot follow the steering inputs, the swasbsewill travel slowly to their
maximum limits when giving steering inputs. The tailsewitd also behave “strange”, it is
not moving at constant speed and might even stop in ittélenof the travel range. To check
for correct servo function please go to the setupmenuewtie control algorythms are
disabled!

44
www.acrobat-helicopter.com

E-Mail: stefanp@eheli-tuning.de




6. Error Messages during Operation.

Like with every technical device also with AC-3X malftions are possible. To avoid that
the helicopter is damaged due to some error of AC-3X duhagiritialization of AC-3X
several self tests are done. AC-3X only goes to theatipe state when all of them have been
passed without problems. In case that a test failed32A@#ves a note in the display. Possible
error messages are:

RC-Calibration Error. . When AC-3X can not calibrate the midstick positionsectly, AC-
3X indicates this by a RC-calibration error. Normatiythis case the receiver is not giving
correct pulses. So the user should check all connectitivetreceiver and then switch on AC-
3X again. The RC-calibration error message can be suggordsy pressing on the upper
button. By doing this, one can go to the setup menu witthnaasmitterBut be carefut when
RC-Calibration did not succeed (the error message appaateevas acknowledged by the
button!) no correct flight operation is possible!

If the RC-calibration doesn’t work although all caliesghe receiver are connected correctly,
then it might be than the “Stick-Cal. Tolerance” e tStick menu is to low and it should be
increased.

Error during Sensor calibration: When the helicopter is moving in the initializatiphase

it might happen that the sensor calibration screemoisdisappearing. Thus the helicopter
should be left on the ground after switching AC-3X ondbteast 10 seconds. If nevertheless
the sensor calibration is not finishing, the “Sen€af. Tolerance” in the sensor menu is too
low and should be increased.

Sensor Defect:The gyro sensors of AC-3X are also checked during theliration phase. If
one of the sensors seems to have an defect, disoiglisplayed by AC-3X. If this is the case
AC-3X should be send back to me! Please do not fly witbfact sensor!
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7. Important Security Notes and Disclaimer

AC-3X may only be operated when it is assured that duthe@ooperation of an AC-3X
equipped helicopter neither persons or things are endangered.

When flying with an AC-3X equipped helicopter an adequatetysafistance to persons,
animals or buildings must be kept.

Keep always in mind that a component of the helicoptigiht fail and the helicopter gets
uncontrollable! For damages resulting from such a sitnatidhave to disclaim the liability.
The responsibility for the save operation of AC-3X walee user!

Keep AC-3X dry otherwise a safe function of the elagt®inside can not be guaranteed

When using AC-3X in helicopter with nitro engine, takeecthat no exhaust pollutes AC-3X
as otherwise the function of AC-3X might be affected.

When AC-3X is damaged due to a crash, please do not ojteasgnore. You can send it
back to me for a function check.

AC-3X is intended to operate in an area without eletatmsdischarges!
Any damages due to failure of AC-3X cannot be claimed!
For personal injury or damages of things and their consegaeresulting from my delivery

or work, | cannot accept any liability as | have mmtcol on the usage and handling of my
product.
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General:

This manual represents my current state of experientte AC-3X. It might be updated to
include new experiences. The current version of theualawill be downloadable at
www.acrobat-helicopter.com

It is not allowed to publish this manual without written permission! The Copyright
belongs to my company!

EG-Konformitatserklarung:

For AC-3X | approve that is in line with the followigMV-regulations:

EG-Richtlinie Elektromagnetische Vertraglichkeit: 2004/108/EG
Emission : EN 55011 Klasse B (Wohnbereich)
Storfestigkeit: EN 61000-6-1 (Wohnbereich)

The EAR registration code for AC-3X is

WEEE-REG. Nr.: DE29755000

Firma

Stefan Plochinger
Gewerbering 2

94161 Ruderting
Tel:08509/9360879
Fax:08509/9369798
stefanp@eheli-tuning.de
www.acrobat-helicopter.com
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