MonoTwirl Electric Autogyro

Introduction

My Twirl lightweight electric autogyro was featured as a free pull-out plan in the January 2006 RCM&E. It had twin rotors mounted on a stub wing, and was built from 3mm Depron sheet with carbon reinforcements and wing struts.  Since the flying qualities were so benign, I pondered that the model might form the basis for a single rotor autogyro, using the same power train and materials, with the fundamental requirement that it should be as simple as possible.

And so it was that Monotwirl was born.  I searched the internet for ideas, and it became readily apparent that success with a single rotor would be a little harder than the twin rotor configuration.  I had already decided that I would need to add lateral control, but, to keep things simple, I would obtain pitch and yaw control by using a conventional elevator and rudder.
The single most difficult aspect with a single rotor autogyro is that, when it is travelling through the air, the advancing rotor blade is travelling at a greater speed than the retreating blade.  If a solid fixing of the blades was adopted, this would mean that there would be more lift on the advancing side of the rotor, and so the autogyro would have a tendency to roll over as the speed increased.  This is a well understood characteristic in the full-size (and model) rotorcraft world, and the full-size answer to the problem involves an increase in sophistication of the rotor, using various types of flapping and/or lead-lag hinges, or clever “elastomeric” hub design.  There are lots of parameters that affect the magnitude and severity of the roll-over, including rotor speed, blade section, number of blades, etc, etc.  It is a very complex subject outside the scope of this article.  I decided that I wanted a simple, easy-to-repair rotor that would rely on blade flexing to tame the roll-over.
During the development of the model, I tried several iterations of the rotor to get the amount of flexing right – too flexible and the rotor coned alarmingly, too stiff and the roll-over became so significant that I ran out of lateral control.  Suffice to say that I devised a single rotor solution which retains the simplicity of the original Twirl design, and uses the flexing properties of 3 mm thick Depron rotor blades so that there are no complicated hinges in the rotor head, and little or no tendency to roll due to advancing/retreating blade problems.  Please do not be tempted to beef up the rotor blades as this will change their stiffness characteristics – they might look flimsy but they are strong enough to take the flying loads.
As for the previous Twirl design, there are key angles that need to be right, including rotor blade angle, rotor tilt angle and thrust line.   These are built into the design, and detailed in the datafile. The resulting model uses 90% of the original Twirl fuselage and tail parts.  So without further ado, let’s build a Monotwirl!!
Building sequence

Fuselage and Rotor Pylon
The building sequence is almost exactly the same as for Twirl but, before cutting the main fuselage out, leave the upper fuselage part that forms the original Twirl wing seat in place.  Then cut out the fuselage and rudder from 3mm Depron.  Sand a 45 degree chamfer on the leading edge of the rudder.  If, like me, your Depron sheets are shorter that the fuselage length, make a butt joint at the front end, bearing in mind that the fuselage has 3mm doublers on each side of the nose area.  Cut out the slot for the tailplane at the rear of the fuselage, and the triangular area to allow the elevator to deflect.   Lay the fuselage on a flat surface left side up, then glue the left hand front fuselage doubler to the main fuselage using UHU Por glue, ensuring that the assembly remains flat whilst the glue dries.  The 3 mm by 3 mm left tailplane seat can be added at this stage.  The 3 mm fuselage strengthening dowel can also be glued in place. The rotor pylon is cut from 3 layers of 3 mm Depron as shown in the plan.  Glue the left rotor pylon part, butting it against the front fuselage doubler and the fuselage dowel.  Slide some scrap 3 mm Depron under the upper part of the pylon to keep it flat.  Allow to dry, then turn the fuselage over, and glue the right front fuselage doubler in place.  Glue the central part of the rotor pylon followed by the right outer rotor pylon to complete the triple sandwich,   along with the right 3 mm by 3 mm tailplane seat.  When dry you can then add the balsa strengthener to the left front fuselage. 
Tailplane and Elevator

This is simply cut from 3 mm Depron.  Cut off the tailplane tips, and then the elevator.  Sand the tips to a 45 degree chamfer, but don’t glue them back yet.  Sand the leading edge of the elevator to a 45 degree chamfer.  The elevator uses a top hinge made from adhesive tape.  I used “proper” modelling hinge tape.  The way that I hinge control surfaces is as follows.  Lay the tailplane on a flat surface, top surface up, with the trailing edge overlapping the surface.  Lay the elevator on top of the tailplane so that the 45 degree chamfer is exactly on top of the trailing edge of the tailplane.  Cut two pieces of hinge tape and apply them close to each tip of the elevator at 90 degrees to the hinge line and round the bottom of the tailplane.  You should now be able to pivot the elevator on these two hinges to the fully down position, and then apply adhesive tape along the length of the tailplane/elevator joint to form the top hinge.  What we want is a free hinge without resistance or binding.  Glue the tips on to the ends of the tailplane.

Rotor
Cut 4 rotor blades 11 inches by 1½  inches from 3 mm Depron (apologies for the mixture of metric and imperial units!!).  Glue the 3 mm x 3 mm spruce spars to the leading edges of the blades using UHU Por and allow to dry. With the blades on the building board with the spruce leading edges at the top, glue small rectangles (about 15 mm x 10 mm) of 1.5 mm balsa to the bottom right corner of the blade.  Cut out the 50 mm diameter rotor discs from, you’ve guessed it, 3 mm Depron.  Cut a 1 inch x 1 inch square of balsa 10 mm thick to form the centre of the rotor.  Drill a central hole in the discs and rotor centre to take the brass rotor pivot tube, ensuring that it is square.  Glue the balsa square to one of the discs and allow to dry.

 Now turn the blades over so that the balsa rectangles are underneath and on the left as seen from above. Make the rotor up by overlapping each rotor blade, and butt up centrally against each face of the balsa rotor centre.  If you have got it right, the spruce spar leading edge of the blade should be closest to the building board and the blades should at a negative angle. You will need to feed the last blade in.  Once happy, glue the blades and the top Depron circle using UHU Por, and weigh down, checking that the central hole is vertical.  The blade angle is self-jigging, and should be at a slightly larger negative angle then the original Twirl because of the additional 1.5 mm balsa rectangles. The resulting rotor rotates anti-clockwise as seen from above.  
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The rotor pivot is cut from 2 mm id brass tube (slightly longer than the completed rotor thickness so that it protrudes either side) which is then glued into the hole previously drilled in the centre of the rotor.  It is worthwhile making sure that the rotor is broadly in balance.  Thread the rotor on to a piece of 2 mm carbon rod, and hold the rod horizontally so that the rotor blades are vertical.  If there is a heavy blade, it will tend to rotate to the bottom.   I used small blobs of “Blu-Tack” on the end of the spruce spars to determine the amount of balancing.  I then glued similar weight strips of printer paper in place of  the Blu-Tack.  When balanced, no particular blade should rotate to the bottom.
Rotor Tilt Mechanism and Rotor Axle
Refer to the diagram given below.  Note that the rotor axle is deliberately longer than might appear to be necessary so that you have something to hold on to when balancing the model! 

Cut a 55 mm length of 6 mm outside diameter carbon tube.  Drill a 2 mm hole at right angles through the tube 10 mm from one end.  Then cut a 45 mm length of 2 mm carbon rod for the rotor axle, and push it through the drilled hole in the 6 mm tube so that 10 mm protrudes from one side, and glue using CA.  Push a 5 mm thick rotor bush down to the bottom of the longer part of the 2 mm rod, butting it up against the 6 mm tube then glue it in place (I used 6mm wooden dowel drilled to be a tight 2 mm fit).  Cut a 35 mm length of 6 mm inside diameter/8 mm outside diameter carbon tube. Smooth off the inside of the tube with fine emery paper.  
Slide the 6 mm tube with the rotor axle into this tube so that the bush butts against the outer tube.  Manufacture a rotor control horn (I used old circuit board, but carbon sheet would also do) as per the diagram and drill a 6mm hole so that the horn is a close fit to the inner tube. Drill a further smaller hole in the horn for the lateral tilt pushrod connection.  Trial fit the control horn on to the inner tube. When satisfied that the inner tube will rotate smoothly in the outer tube with little fore and aft movement, glue (using CA) the horn to the back of the inner 6 mm tube so then there is a right angle between the 2 mm rotor axle and the horn, making sure not to get any glue between the tubes!!  With the rotor axle vertical, the control horn should point to the left.  
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Undercarriage

Bend the 1mm/16g wire to the shape shown below. The diagram below shows the right undercarriage –  make the left one as a mirror image.   Cut and drill the undercarriage blocks from balsa and glue the wire into the balsa.  I used plastic milk bottle tops for wheels retained with dowel bushes, but any lightweight wheels should suffice.  Cut out and glue the Depron undercarriage fairings with UHU Por. 
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Final Assembly

Take a piece of 8 mm tube and wrap some abrasive paper around it.  Then sand a slight channel in the top of the rotor pylon for the lateral pivot mechanism.  Do this slowly and progressively, and check from time to time for a good fit. Make sure that you don’t alter the tube seat angle in the process.  Once satisfied, glue the pivot mechanism in place using a little epoxy, again making sure not to get any adhesive between the tubes. Apply some adhesive tape to hold the mechanism in place.  When dry, you may have to cut a notch in the Depron to allow the rotor tilt horn full movement
Glue in the tailplane, ensuring that everything is square.  Glue in the small piece of 3mm Depron behind the tailplane.  Hinge the rudder to the fin using adhesive hinge tape.

Glue the undercarriage blocks to the fuselage sides with foam-friendly CA.

Glue engine mount to the front of the fuselage, and mount the motor using your favourite method.

Slide the rotor on to the rotor pylon axle.  If it squeaks when rotated, rub the carbon axle with a pencil, taking care to avoid the uppermost part where the retaining bush will be glued.  This will lubricate the axle and stop the squeaking.  When happy, glue another retaining bush above the rotor.

Plan the radio installation and battery retainer to obtain correct C of G without ballast. The rotor tilt servo should be mounted on the left side of the pylon so that the pushrod is at 90 degrees to the pivot tube (bearing in mind that the tube is aligned 10 degrees aft).
Make control horns for the elevator and rudder from 1 mm ply, and then glue them into slots cut in the elevator and rudder.
Make up the control rods, and connect the servos to the rotor tilt, rudder and elevator horns using your favourite method.
Flying the Monotwirl

Flying Monotwirl is a little different to its twin rotor sister.  Crucial to flight is achieving an adequate rotor speed before attempting to launch or take-off.  In many ways it is easier and safer to hand launch, and a 5-10 mph breeze is beneficial.  Tilt the autogyro aft so that the breeze gets the rotor spinning well.  You will feel the rotor generating lift at this stage.  Apply power and, when ready, launch with the nose slightly high and she should fly away nicely. In lower wind conditions you may need to run a bit to get the rotor to spin up before launch.  If you do a take-off, you will need to wait until the rotor has spun up to the correct speed.  Spinning the rotor up by hand (anti-clockwise, remember!!) before take-off assists greatly.  It is possible to get the autogyro travelling along the ground at quite a high speed but with the rotor not turning fast enough, and not generating enough lift.  The best course of action in such circumstances is to abort, and try again.  There is not much to look at when she is airborne, so you need to concentrate to avoid disorientation.  Up and away, the controls are quite effective, and she turns best by using the rudder.  Rotor tilt (“aileron”) control should be applied sparingly until you are familiar with the characteristics.  In flight the rotor will assume a slight cone angle (it is actually asymmetric in forward flight if you look closely, and at a greater angle on the left side!!).   Conventional landings can be carried out, or you can do slow steep approaches to land almost vertically with appropriate use of power and elevator.  I haven’t tried any aerobatics, as that is not what I designed it to do, but I’ve no doubt that someone will try!!  But you are on your own if you do!  I hope that you enjoy flying Monotwirl as much as I do.

Datafile

Rotor diameter

23”


Length



26”

Swept rotor area

353 sq. in.

Rotor blade section

Flat plate

Tail and fin section

Flat Plate

Tailplane incidence

0( 

Rotor blade angle

about -10((self jigging)

Rotor post tilt angle

10( aft

Weight



7-9 oz

Disc loading


3-4 oz/sq. ft.

Rudder movement

1” each way

Elevator movement

1” each way

Rotor Tilt movement

2” each way (measured at rotor tip)
Balance point


Fuselage level when held by the rotor post
Motor



outrunner up to about 50W

Down and side thrust

5( (built in) and 0(
Propeller


GWS 8 x 4.3 used on prototype

Battery



3S1P 700mAh battery used on prototype

