
Remember the Top Ten 

VTOL Lessons Learned 
so you'll  avoid past mistakes, 

 
 
 

 

An example of a system that avoids a VTOL penalty is provided to show the 
advantage of learning from the mistakes of others 

 
 

The history of VTOL aircraft has always been characterized by the same mistakes being made 
over and over and over again. Many of the mistakes made in the 50's and 60's in manned 
aircraft are still being repeated today in UAVs. During his years as Corporate Director for 
Advanced Concepts for McDonnell Douglas, the author was impressed with the fact that past 
VTOL mistakes will continue to occur unless someone in the organization (and preferably the 
top individual) is responsible for making sure that everyone involved in R&D takes a few 
minutes every 3 or 4 months to review those CRITICAL LESSONS LEARNED. If this isn't 
already happening in your organization I would encourage you to start as soon as possible so 

you can stop the tremendous waste of time, energy and money that 
continues to characterize VTOL research and development. 



As team organizer you find... 

 

·  "Pure helicopter" team has won every World 
Series since 1910. 

 (Only operationally successful VTOLs) 

·  Harrier in minor leagues (STOVL). (Lacks 
thrust despite enormous engine) 

·  Many hundred of unsuccessful teams. 
(Need fancier jerseys resistant to mustard stains) 



The author has studied VTOL aircraft for over a quarter of a century and has held top positions in major 
STOVL and VTOL programs such as AV-8B Program Manager for McDonnell Douglas and Director of 
the Superteam (A teaming of Bell Helicopter. McDonnell Aircraft and McDonnell Douglas Helicopter to 
pursue the LHX program (now Commanche)). From his experience, the author has found that its easiest 
to relate and remember the top 10 lessons learned (and a lot more fun) if they're described in the context 
of baseball which most people are familiar with, so here we go! 

 

 

 

You've just been approached by a wealthy individual, Mr. Big Bucks, to organize a new team to play in 
the major leagues of VTOL. This is your first big break and you don't want to blow it. Even though prior 
team organizers rarely ever studied past successes and failures you have a hunch that there might be 
something there that could help you. 
 
The first thing you find is that ever since the game was started by Igor Sikorsky in 1910 the "Pure 
Helicopter" Baseball Team has won every World Series. In fact they're the only team to build an 
operationally successful VTOL and everyone else has been tagged out at first base!!!  Even the "Harrier" 
Team had been bumped down into the minor leagues 

"How not to mess up. " 

 

Playing VTOL 
Baseball 

Or 



 



(STOVL) because their machine lacked the thrust (despite an enormous engine that takes up 
most of the fuselage) to take off vertically with an economical range-payload. 
 
The success of the "Pure Helicopter" team seems even more impressive when you find out that 
there have been many hundreds of unsuccessful teams organized over the years. However many 
of the teams didn't know they were supposed to run around the bases. After the national anthem 
most of their players would run into the stands and spend all their money on pretzels, chili dogs 
and nachos and end up sitting out the game as spectators. At the end of the game they would 
wonder why they didn't win and eventually conclude that they didn't spend enough money on 
marketing and decide next year to buy more exciting looking jerseys that are resistant to mustard 
stains. 
 

You eventually find out the defending teams line-up and requirements to get on each base: 
 
 

First Base -Requires having competitive vertical lift efficiency.  This is different for 
the less prestigious minor leagues of STOVL and CTOL where you can get on first base only by 
showing that you have things like wheels, tires, brakes, nose wheel steering, flaps, rudders, etc. 

First baseman-"Mr. MomentUm"(Discovered by talent scout Sir Isaac Newton) 
 

Second Base- Requires having competitive horizontal flight efficiency and speed. 

Second basemen-**Mr. Wetted Aspect Ratio" and "Mr. Propulsive efficiency" 
 

Third   Base-Requires having a competitive Structural  efficiency as measured by the 

non-dimensional ratio of Gross Weight to Empty Weight. 

Third baseman-"Mr. Gravity" 
 

Home Plate-Requires that you have a simple, reliable, producible, controllable and 
maintainable machine. Catcher-"Mr. Murphy" 
 

All the basemen on the defending "Physics" team have tenure so you're always going to be 
playing against the same people so it really pays to get to know them and how they play. 



Getting to First Base 
Rotors       Props          Jets 
-40 mph -200 mph -500 mph 

 

 
1st Season-  All-fiber diet. (Graphite-Epoxy Fiber) 

2nd-  Steroids. 

3rd- Mr. Momentum is unreasonable 

4th- World Series or Propeller Esc. 

  



This all sounds easy enough to you, so you start to wonder why it's been so hard to even get to 
first base for everyone but the "pure helicopter" team. You find out it's the first base-man. Mr. 
Momentum who was discovered by a talent scout named Sir Isaac Newton in 1687. 
 
The first baseman, Mr. Momentum, has placed three escalators side-by-side in your path to first 
base. It's your choice but you have to climb up one of them in order to get to first base. The 
problem is instead of the stairs moving up they are moving down at a high rate of speed. The 
escalators are marked "For Rotorcraft", "For propeller VTOLs" and "For jet VTOLs" and they're 
moving down at 40 mph. 200 mph and 500 mph respectively. You don't understand why 
rotorcraft should be given such a large advantage but Mr. Momentum explains that to generate 
lift for a vertical takeoff you have to propel air down. A rotor having a large diameter can "grab" 
more air and thus doesn't have to propel the air down as fast. As a result, the rotor's escalator of 
air isn't dropping as fast. 
 
You have a huddle with your team and your players say that by the time your first season comes 
along they think there is going to be a breakthrough all-fiber diet plan (Graphite-Epoxy fiber) 
that will allow them to cut their weight by 35% so that they can be competitive running up the 
"propeller" escalator. .Although you're skeptical that any of your players can carry any kind of 
competitive payload and still run up the 200 mph escalator you defer to their wisdom. 
 
The first baseball season comes along and you find out that the "pure helicopter" team has also 
heard about the breakthrough all-fiber diet plan (Graphite-Epoxy fiber) and their weight is also 
down by 35%. The "pure helicopter" team wins the World's Series again. 
 
You're team isn't discouraged however because they hear that before next season there will be a 
new family of steroids that will double the strength of each team member and they also plan on 
holding hands as they try to run up the escalator. 
 
However when the second baseball season comes along you find out that the "pure helicopter" 
team is also using these same miracle steroids. The "pure helicopter" team again wins the World 
Series. 
 
You start to realize that no matter what breakthroughs come along, the "pure helicopter" team is 
also going to take advantage of the technology and you think after a few more baseball seasons 
you might be able to figure out why only rotorcraft (and pure helicopters specifically) have been 
able to get to first base and become operationally successful. You have a hunch it might have 
something to do with those escalators. 
 
Your problem obviously isn't with your team, it's with that first baseman, Mr. Momentum. He's 
obviously totally unreasonable, irrational, and he's not even a very nice guy. As a result you 
bring this to the attention of the Baseball Commissioner and ask him to put someone a little nicer 
on first base such as Mother Nature or the Tooth Fairy. 



Lesson Learned #1 

·  Lift efficiency. 

·  Superior controllability. 

·  Low downwash, ground erosion/FOD. 

·  Low noise. 

·  auto-rotation capability. 
 

 

How to get to 2nd Base 
1st Base-(Rotor and no Wing). 

 
 

2nd Base-(Wing and no Rotor)(exact reverse) 
 



However, you're reminded that Mr. Momentum has been playing first base even before the game 
began and he's not going to be replaced so you'd better live with it. 
 
You have another huddle with your team and ask them what's more important, winning the 
World Series or running up that middle "propeller"' escalator. Your team isn't sure so you give 
them a few days at which time they decide that it's more important winning the World Series 
especially since many of the players over the last two seasons have decided that they're not 
especially fond of trying to run up that escalator anyway. 
 

Next season your team runs up the "Rotorcraft" escalator and makes it onto first base. 

1) lesson learned #1 - If you don't have a decent sized rotor you won't make it to first base. 
Rotors also provide other benefits not found in other systems such as superior controllability, 
low downwash and ground erosion/FOD, low noise, and the ability to auto-rotate to a safe 
power-off VTOL landing. (See Appendix A for more on the physics behind this lessons learned) 
 
The next question becomes how to get to second base which requires good horizontal flight 
efficiency, speed, endurance, etc. The "pure helicopter" team has never been even close to 
making it to second base but they've never needed to because no one else has ever been able to 
get to first base until your team came along. There are two second basemen. "Mr. Wetted aspect 
ratio" and "Mr. Propulsive efficiency". Wetted aspect ratio is the vehicle's wingspan squared 
divided by the entire exposed surface area of the aircraft and the higher the number the happier 
"Mr. Wetted aspect ratio" is going to be. 
 

YOU get a great idea!!! You remember that in the minor leagues of STOVL and CTOL. 
Mr. Momentum at first base is very lenient, so they probably have had some teams that have 
made it onto second base that you can learn from. In doing your research you find that in the 
minor leagues the "pure fixed wing airplane" team has won every World Series since 1903 when 
the Wright Brothers started the game similar to the story of the "Pure Helicopter" team in the 
major league of VTOL. You have a hunch that maybe there's a reason for this and that you 
should look as much like the "pure fixed wing" team as possible to get on second base. 
 
You have another huddle with your team and they suggest that after you're on first base you tilt 
the rotor 90 degrees and use it for forward propulsion. They also suggest that you add a wing. 
This makes you look more like "the pure fixed wing aircraft" team but less like the "pure 
helicopter" team. When you do it you get a nasty look from "Mr. Wetted Aspect ratio", Mr, 
Gravity and all the other players. You do a little research and find out that there are two reasons 
for the poor response. (Lessons learned #2 &#3) 



Lesson Learned #2 

·  Not efficient- Blade area, blade twist. 

·  Poor auto-rotation at best. 

·  Problems-Structural dynamics, 
complexity, vibrations & yaw control. 

 
 

Lesson Learned #3 
 
 

·  Wings and rotors represent a significant 
percentage of the weight and wetted area. 
·  Few aircraft can afford the luxury of 
having both wings and rotors. 
·  Problems of a rotor in horizontal 
flight and wing in hover. 
·  Compounds have been unsuccessfully 
pursued since the 20’s. 

 

 



2) Lesson Learned #2- The same thrusting device (such as a rotor) can't efficiently be 
used for lifting a VTOL vertically and also be rotated 90 degrees to efficiently provide forward 
propulsion. Also a rotor which has been compromised with enough blade twist to allow it to 
operate as a propeller in forward flight makes the vehicle a very poor auto-rotator at best. "Mr. 
Murphy" isn't happy because of the potential structural dynamic problems, complexity, 
vibrations and yaw control problems of trying to rotate and operate a rotor as a propeller on the 
end of a wing. (See Appendix B for the physics behind this lessons learned) 

3) Lesson Learned #3- Few aircraft can afford the luxury of having both rotors and 
wings. It's probably no accident that the only operationally successful aircraft to date have had 
one or the other but not both. 
 
Because wings and rotors (and their mounting to the fuselage) represent a significant portion of a 
vehicle's structural weight and wetted area, few aircraft can afford the luxury of having both 
without getting "Mr. Wetted Aspect Ratio" and "Mr. Gravity" upset. Especially if you consider 
the problems that a rotor presents in horizontal flight and the problems that a fixed wing presents 
in hover such as download penalty and catching the wind and complicating controllability. 
 
Significant research and development efforts on compound aircraft that have both wings and 
rotors (like tilt rotors, compound helicopters and compound stop rotors) dates back to at least the 
30's, yet none to date has been operationally successful or even entered operational service. 
 
You have another huddle with your team. You explain your problem. You need a rotor and no 
wing in order to compete with the "pure helicopter" team and get onto first base. But to get to 
second base you need just the opposite (a wing and no rotor). Your team decides that your 
vehicle will have a detachable rotor that can be thrown down to somebody waiting on the ground 
who will then throw the vehicle's wing up to you so it can be attached to the fuselage. 
 
With this suggestion, "Mr. Murphy" leaves home base to talk to the Umpire-"Mr. Straight 
Jacket" to get you thrown out of the game all together. The Umpire supports "Mr. Murphy" and 
it appears that your preferred approach won't be allowed. 
 
As a result you decide that once you're on first base you're going to stop the rotation of the rotor 
and use it as a wing. Nobody likes this idea as well as the separate detachable rotor and wing but 
you're not sure you have any option. One of your players is worried that a rotating wing isn't 
going to make a good rotor, and you'll be tagged out before you get to first base. However the 
first basemen isn't frowning, in fact he's smiling from ear to ear and jumping up and down. Why 
is he so happy? 



Lesson Learned #4 
 
 

·  Quietest and most efficient 
rotor is a slow turning wing. 
-Man powered helicopters. 

-Lower profile power. 

·  More flutter resistant, ballistic 

and damage tolerant.  

·  Why not on current helicopters?  

·  Other compromises your team can avoid?? 
 

Lesson Learned #5 

 
 
 

·  Your team naturally operates at low RPM and 
low number of turns. 

·  Actuator loads reduced further by actuating 
just the ailerons. 



4) Lesson learned #4- The most efficient and quietest rotor for low speed and hover is a 
very large slow turning rotor like a rotating wing. It's also more ballistic and damage tolerant and 
flutter resistant. 
 
This lesson learned is most dramatically illustrated in its extreme by the student built man 
powered helicopters with large slow turning wings that were able to hover on man-power alone. 
The large chord of a rotating "wing" requires less profile power since the wings can rotate slower 
and still generate the required lift. Of course the main reason why helicopters don't have rotors 
that look more like slow turning wings is because they'd be very limited in their horizontal speed 
capability due to retreating blade stall. As a result, helicopters have to compromise and pay a 
penalty in hover and low speed. 
This is a penalty your team might not need to take since you plan on flying fast in 
airplane mode anyway!!! 
 

You have another huddle with your team and you decide that by accident you may have 
stumbled into something. It appears for the first time that you might be able to get an advantage 
over the "pure helicopter" team even in their only area of strength where they've always 
clobbered the competition (getting to first base with superior vertical takeoff efficiency). 
 
You decide to do more research to find out if there are other compromises that helicopters 
require in order to be able to fly fast or alternatively if there are compromises that fixed wing 
aircraft require to fly slow and takeoff and land that your team's aircraft (which we've decided to 
call a pure Stop Rotor) might be able to avoid by always flying fast in airplane mode and always 
flying slow and landing in helicopter mode? The answer to this question is "Yes" and described 
in Lessons Learned #5 and #6 and Assertions #1 and #2 

5) Lesson learned #5- With today's full scale actuator technology the only apparent way 
to get rid of the weight, maintenance and mechanical complexity of a helicopter's swash plate 
and still have a successful VTOL is to slow down the rotor rpm and reduce the total number of 
required actuator cycles. 
 
Helicopters have gotten simpler and more reliable with the elimination of lead-lag hinges, 
flapping hinges, dampers, etc. There has also been a lot of work to try to get rid of the 
helicopter's swash plate while retaining the helicopter's superior controllability. These efforts 
have focused on using individual actuators to directly control the pitch on each rotor blade. To 
date these efforts have repeatedly failed for the simple reason that today's actuators can't move 
fast enough and still handle the number of cycles required for a conventional helicopter. A pure 
stop rotor however naturally wants to have a low rotor rpm and would expose the actuators to far 
fewer cycles since it spends most of its time with the rotor stationary and acting as a fixed wing. 



Lesson Learned #6 

·  $45 torque reaction helicopters. 

·  Only system with one drive shaft. 

·  Simpler, lighter, lower gear ratio 
transmission. 

·  No tail rotor- use torque don't fight it.  

·  Why not on every helicopter today? 

Assertion #1 

 

 



6) Lesson learned #6- The simplest, least expensive form of mechanical drive rotary wing 
aircraft is a torque reaction helicopter. It also leads to the lowest transmission size and weight 
and can be one of the most efficient in hover. 
 
It's not an accident that you can still buy those model torque reaction helicopters today for 
around S45 that you played with as a child and yet you'll pay hundreds of dollars for a 
conventional model helicopter with a tail rotor. A torque reaction helicopter is the only all-
mechanical drive approach that only requires one drive shaft. Instead of using a tail rotor and its 
associated drive train to counter-act the main rotor torque it utilizes this main rotor torque to its 
advantage to turn a counter-rotating rotor. This results in a very efficient system and a very 
simple, inexpensive transmission. The transmission ends up being smaller and lighter also for 
another reason. The gear reduction required is half or less what would be required to drive the 
slowest turning of the two rotors with any other mechanical approach. This is because the 
transmission output shaft is turning at the rpm of the two rotors combined since the transmission 
is located between and essentially driving both rotors but with only one drive shaft. 
 
So with all these advantages, why don't you see a lot of full size torque reaction helicopters 
flying around? Any efficient mechanical drive VTOL needs a transmission and this configuration 
requires that at least the transmission (and preferably the engine and fuel tank as well such as on 
the $45 model helicopters) be located between the two rotors which makes for a very high drag 
design in high speed horizontal flight. Again this is a disadvantage that a pure stop rotor might be 
able to avoid by flying fast in airplane mode if it is a nose-sitter or tail-sitter and thus the 
transmission, engine and fuel tank can be streamlined inside the fuselage. 

7) Assertion #1- if you can always land in vertical mode, why not eliminate all the weight, 
drag and complexity of systems required to make a conventional runway landing? Also why not 
have a very quiet and high efficiency, heavily geared down, fixed pitch propeller that is 
optimized from loiter to top speed? 
 
Why not eliminate the following CTOL systems: 

o Wheels        o Nose Wheel steering 
o Tires o Landing flaps 
o Brakes        o Rudders  

It should be noted that rudders are not required since the vehicle never needs to make a 
conventional cross-wind takeoff or landing. 
 
Because the vehicle's fixed pitch propeller isn't required to have good static thrust for a 
conventional runway takeoff and landing and for flight below loiter speed (where it could fly as a 
helicopter) it can be optimized for operating between loiter and top speed. In addition if it is 
mounted on the same single drive shaft of the transmission it gets the added efficiency and very 
low noise of a propeller that is heavily geared down. 



 



8) Assertion #2- Not needing to fly fast in helicopter mode allows the vertical fuselage 
attitude of a nose-sitter or tail-sitter design with some of the following features: 

o Little or no fuselage downwash penalty  
o The fuselage shell acts as the rotor mast 
o Little or no rotor/fuselage vibrations and interactions such as on a 

conventional design as the rotor passes over the fuselage,  
o No potential for a tail strike  
o Low spotting factor 

9) Lesson learned #7- A significant drag reduction can be achieved by having the 
following characteristics: 

o A round fuselage cross-section  
o Mid-wing design and... 
o Streamlined sensor turrets that use roll-theta gimbling 

 
The round fuselage cross-section shouldn't be much of a surprise to anyone but it is sometimes 
forgotten how much drag reduction a mid-wing design can achieve. Burt Rutan is noted for 
designing extremely efficient aircraft including the Voyager, the first aircraft to fly non-stop 
around the world unrefueled. One of his secrets is he never builds anything but a mid-wing if he 
can possibly help it with the Cat Bird being his only non mid-wing aircraft. For example in the 
case of the Boomerang, Visionaire Vantage and Williams V-Jet aircraft he went to the extent of 
building a forward swept wing only for the purpose of allowing a mid-wing design and still have 
the wing carry-through structure far enough back not to obstruct the cabin. 
 
In World War II there were a lot of gun turret installations on bombers that articulated in azimuth 
and elevation like the sensor domes on current UAV's. In manned aircraft these kinds of turrets 
have generally been replaced with much more streamlined roll-theta turrets like the Lockheed 
Martin AAS-38B FLIR pod for the F/A-18 and similar systems built by other manufacturers such 
as Raytheon. This has been made possible by modern avionics that can relatively inexpensively 
rotate the sensor image on the operators screen back to an upright azimuth-elevation format for 
proper viewing. For the Spinwing VTOL aircraft that we will briefly describe at the end of this 
paper, a roll-theta turret makes even more sense since the articulation bearing for roll has to be 
there anyway to allow the rotor to turn in helicopter mode. The geometry works out well since 
the nose of the aircraft in airplane mode acts as the streamlined sensor turret. 
 

10) Lesson learned #8- Combining parts and functions and emphasizing 
commonality, interchangeability and replaceability can have a dramatic effect on weight, 
acquisition and support costs. 
 
On the Spinwing for example (that you'll hear about later) every major component is utilized in 
both helicopter and airplane modes except for the airplane mode propeller. Also the left and right 
wings, and all three tail fins are identical and interchangeable. 



Lesson Learned #8 

 
 
 
 
 
 
 

Exa.-All but Spinwing propeller. 
-Identical wings(2) and tail fins (3) 
 

Lesson Learned #9 

 
 
 
 

•Axial flow conversions performed by fixed wing 
aircraft since before 1912.  
•Alternative radial approach tries to drag rotor 
sideways through the air. 

Minimize 
weight, 

acquisition & 
support cost? 

·  Combine parts, 
functions 

·  Commonality, 
interchangeability, 
replaceability 

How to start and stop a 
rotating wing in-flight? 

Axial flow 
(symmetrical) 



The next to last question now becomes how to do the conversion in-flight and you notice that all 
your team members are running off in different directions spending your money because they 
each have their own idea on how the rotor should be started and stopped in flight. Your objective 
however is not to re-invent the wheel or repeat past mistakes so you tell them to wait until you've 
reviewed your Stop Rotor lessons learned notes. 
 
You're reminded by your notes that there have been two different approaches to starting and 
stopping the rotation of large wings in flight. Most Stop Rotor designers in the past proposed 
doing the conversion the hard way with the rotor in radial airflow being dragged sideways 
through the air. .Although the Herrick Autogyro started a rotor inflight in this manner in 1937 
without much trouble, no one has ever stopped a rotor inflight using this approach. The challenge 
is during the last few turns of the stopping rotor to make sure you maintain rotor blade and 
vehicle stability and provide braking and alignment of the rotor blades at right angles to the 
fuselage. 
 

The second approach to starting and stopping the rotation of large wings 
inflight has been in common use on a daily basis since before 1912 
(Only 9 years after the Wright Brothers' first flight). 
It's the only demonstrated in-flight approach to date but it's such a commonly accepted procedure 
that you might not have even thought of it if you hadn't taken a few minutes to review your 

lessons learned notes. It's a fixed wing aircraft entering and exiting from a 
roll. By 1912, aircraft were not only rolling but doing Immelmanns and 
other more complex maneuvers. Because the last few turns as the wings are slowly 
rotating and stopping has always been the area of concern for Stop Rotors, having the past 
experience of fixed wing aircraft entering and exiting from a roll is valid and beneficial to your 
understanding of axial flow conversions and you already have over 85 years of test experience 
and successful practice to analyze and draw from. Also for over 70 years people have been 
successfully starting and stopping propellers in flight in the same manner in symmetrical axial 
flow by feathering and unfeathering the blades and using aerodynamic forces to do all the work. 
Again reviewing your lessons learned has paid off handsomely and you also realize that there are 
other benefits to this second and only proven approach. 
 

11) Lesson learned #9- Starting and stopping a rotor in axial flow in the same manner as 
an aircraft entering or exiting from a roll is a lower risk approach than converting with the rotor 
being dragged sideways through the air. It also has the following advantages: 

• Conventional airfoils for higher efficiency in both helicopter and fixed wing flight 
modes. 

• Conventional rotor blade mounting at a stable 25% (instead of 50%) chord for a lighter 
and less sophisticated, conventional control system. 



Advantages of axial flow conversion 
 

• Conventional airfoils. 
 

 

 

• Conventional blade mounting. 

• No wing indexing mechanism. 

• Aerodynamic forces do all the work. 

• Naturally stable. 

• Spin/out of control recovery. 

• Convert and auto-rotate after engine failure. 
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 Symmetrical airfoils on most stop rotors 



• No wing indexing mechanism is required since the wing is always at right angles to the 
fuselage even in helicopter mode. 

• The vehicle is naturally stable and rights itself in helicopter mode without any pilot or 
control inputs. 

• Converting to helicopter mode provides an almost instantaneous way to recover from a 
spin or out of control condition. 

• Aerodynamic forces can rapidly start and stop the rotor without need for brakes or 
motors and the vehicle can convert back to helicopter mode and auto-rotate after an 
engine failure. 

 
Traditionally Stop Rotor designers have tried to do the conversion the hard way with the rotor 
being dragged sideways through the air. This also results in a more complicated, heavy and less 
efficient system with symmetrical blades (rounded on both leading and trailing edges in order to 
generate lift going in either direction), an aerodynamically unstable blade mounting at the 50% 
chord point, engine power required to convert back to helicopter mode, and the need for a 
system to align the wing at right angles to the fuselage for airplane mode flight. 
 
In contrast, axial flow conversion with a nose-sitter or tail-sitter is symmetrical and analogous to 
a conventional fixed wing aircraft entering and exiting from a roll and is also analogous to 
feathering and unfeathering a propeller inflight. The rate of conversion is controlled by the rate at 
which the rotor/wings are rotated in pitch between their helicopter and airplane mode positions. 
 
During conversion to helicopter mode the maximum vehicle deceleration rate possible is limited 
by the maximum co-efficient of drag of an optimized windmilling rotor in axial flow which is 
1.1 to 1.3 versus 1.4 for a parachute and 1.28 for a flat plate. Rotor blade loads and rotor rpm can 
be kept low during conversion to helicopter mode by for example deflecting the ailerons up to 
create drag at the rotor tips and a download to counter the upload being generated farther inboard 
on the blades or by reducing vehicle airspeed prior to the conversion by doing a pull-up. The first 
approach is used on the Spinwing (which you will hear about shortly) since it allows an 
emergency recovery approach for high speed out-of-control conditions.. 
 
This conversion approach requires that the vehicle be either a tail sitter or a nose-sitter. Your 
team is convinced that this time you don't need to do any of that silly lessons learned stuff, it's 
obvious that it should be a tail-sitter. "Who ever heard of a nose-sitter?" 
 
You think they're probably right but you decide to review your lessons learned notes on tail-
sitters anyway just to be certain. You are reminded that tail-sitters are notoriously unstable and 
want to flip upside-down. Being a good manager and wanting to keep your costs to a minimum 
you decide that instead of spending a lot of money to develop an advanced flight control system 
to fight this tendency of tail-sitters you're going to use this tendency to your advantage and 
design the vehicle to operate in the nose down position that it wants to operate in. This leads to 
the last of the top 10 lessons learned. 



Lesson Learned #10 

 

·  Don't fight it, use it to your advantage.  

·  Nose-sitter more stable on ground also. 

·  Nose-sitter doesn't need to do pull-up or 
wing stalling nose-up. Always points in right 
direction for next phase of flight. 



12) Lesson learned #10 - An aircraft that is stable in airplane mode flight will tend to be 
unstable as a tail-sitter in vertical flight mode and will want to flip over. However if it's a nose-
sitter, it will tend to be statically stable in airplane mode, vertical flight mode and the transition 
between the two modes. A nose-sitter will also tend to be more stable on the ground with a lower 
center of gravity and lower aerodynamic center. A nose-sitter also doesn't need to do a pull up or 
a wing stalling nose up maneuver. 

 
Tail-sitters have always appeared attractive because of their relative mechanical simplicity. 
However in order for the vehicle to be stable in pitch and yaw in airplane mode, the vehicle's 
center of gravity must be in front of its aerodynamic center. In VTOL mode however this then 
puts the center of gravity over the vehicles aerodynamic center and the vehicle tends to be 
unstable and want to flip over like a pendulum to "hang" the center of gravity below the 
aerodynamic center. A nose-sitter on the other hand tends to be statically stable in both flight 
regimes and the conversion between the two. A nose-sitter also doesn't need to do a pull up or a 
wing stalling nose up maneuver because it always naturally points in the right direction for the 
next phase of flight. 

 
From lesson learned #10 your team knows in advance that the conversion will be statically stable 
and so you do the first demonstrations with small 7 inch wingspan drop models with no moving 
parts!!! Like a maple seed, when the wings are super-glued to the fuselage in their helicopter 
mode position the rotor spins up and the vehicle rights itself nose down in helicopter mode no 
matter what the starting position and without needing any moving parts. Conversely if the wings 
are super-glued to the fuselage in their airplane mode position and the vehicle is spun and thrown 
into the air the vehicle rapidly stop rotating and the aircraft accelerates in its vertical descent due 
to gravity while continuing to point straight down. Built in positive wing incidence causes the 
vehicle to pull out into level flight again without the need for any moving parts. You follow this 
initial work with a powered demonstrator that in June 1996 performs the world's first in-flight 
stop rotor conversions in both directions. 

 
To demonstrate that it is possible to avoid the mistakes of the past, a brief description is provided 
of the Spinwing which your team has just designed and flown through conversion simply by 
knowing and respecting the lessons of the past. This configuration doesn't violate any part of 
your top 10 VTOL lessons learned and 2 assertions that your team developed along the way. 
Unlike past configurations that were over-powered and still unable to lift economical payloads. 
your Spinwing configuration needs only half the power to weight ratio for vertical takeoff (1 
horsepower per 20 lb. of takeoff weight) of the average CTOL UAV. Whirlstand data has 
correlated well with Navy Research Lab predictions. 



 

SPINWING CONVERTS IN THE AIR TO OPTIMIZE 
 
     Wing  Rotors  
Horizontal Flight         No Rotor  No Wings  Vertical Flight�
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Your team's aircraft in helicopter mode is shown on the bottom of the previous page. The vehicle 
operates as a torque reaction helicopter by driving the upper tail fin assembly and letting the equal 
and opposite torque reaction rotate the upper fuselage and attached main wings. This rotating 
upper fuselage is connected to the lower fuselage with a ring bearing at the fuselage outer mold 
line just below the main wing/bottom rotor. This same bearing allows the entire lower fuselage 
section to be rotated to operate as the sensor turret. An electronic "swash plate" controls the 
ailerons to provide cyclic control. 

 
Your team's aircraft in airplane mode is also shown on the previous page. Although future 
Spinwings will have smaller tail fin area the machine in the photo operates a little like a tandem 
wing with some of the lift being carried by the aft fins. There are no elevators or rudders and the 
tail fins act only to generate lift and stabilize the vehicle in pitch and yaw like the fins on a dart. 
Roll control is achieved with ailerons on the main wing and variable wing incidence is used for g-
control instead of having elevators. This g-control approach is used instead of having elevators 
since actuators are needed to rotate the pitch of the main wings anyway in order to convert and 
provide collective in helicopter mode. 
 
Conversion is performed as described previously like a fixed wing aircraft entering and exiting 
from a roll (see text before and after Lesson learned #9) and controlled with a three position 
switch marked "Rotary", "Conversion/Recovery", and "Fixed Wing". The center switch position 
is identical to the "Rotary" position except that the tail fins remain in the airplane mode position 
which causes the vehicle to rapidly right itself in helicopter auto-rotation mode (see Lesson 
Learned #10) and the ailerons are deflected up to keep rotor loads and rpm down no matter how 
fast or what attitude the aircraft is in prior to conversion/emergency recovery. The center switch 
position is down relative to the other two positions so in any emergency the pilot only needs to 
remember to push this switch down to recover no matter whether he's in helicopter or airplane 
mode. 

 
The Spinwing closely resembles a CTOL UAV but substitutes the 7 traditional CTOL systems in 
the left box with the 4 Spinwing VTOL systems in the right box. 
 
 
 
 
 
 
 
 
 

Knowing, respecting and periodically reviewing past lessons learned is critical for 
any organization to break out of the cycle of waste that continues to characterize 
VTOL research and development. If your organization isn't already doing this I 
would encourage you to start as soon as possible.  
 
For more information on these lessons learned please call Douglas Thorpe at (480) 355-2435. 

• Wheels 
• Tires 
• Brakes 
• Nose Wheel steering 
• Rudders 
• Landing flaps 
• Elevators 

• 3 actuators for wing & tail pitch control 
• Bearings to allow tail fin assembly to rotate 
• 1 small screwjack actuator to move the drive pin 

between the propeller and rotatable tail fin assembly 
• Electronic “Swash Plate” 



Appendix A- The physics behind Lesson Learned #1 
 

From Momentum Theory we know that the power required to generate vertical thrust in a 
hover with any propulsive device whether it be a fan, propeller, rotor, augmentor, etc. is 
determined by the formula below where the Figure of Merit for most practical systems is on 
the order 70% and obviously cannot reach 100% which would represent an unachievable 
perfect system with no losses. 

 
Power = Thrust Thrust  

                            2 x air density x Area of thrusting device       Figure of Merit 
 

The important thing to note in this equation is that the power required is inversely proportional 
to the square root of the area of the thrusting device. So if a rotor has 8 times the diameter of 
the intake on a ducted fan or propeller system it will require only approximately l/8th the 
power to generate the same amount of lift. Also the downwash velocity below the rotor will 
only be l/8th that of the other system. Calculating the noise difference is more complicated, but 
the rotor will also have a dramatic advantage in this category also. 

 
The reason it takes so much power to hover with a small diameter propulsor (even if it were 
possible to have a perfect thrusting device with no losses) is because to generate lift you have 
to propel air down which is like trying to climb a down escalator. The smaller the diameter of 
the propulsor the less mass flow of air that can be effected and thus the faster you have to push 
the air down. If you have a small thrusting device such as a propeller its like trying to climb an 
escalator that's going down at 200 miles an hour. 

 
The equation above is very beneficial in reviewing potential VTOL concepts to see if they even 
come close to resembling a realistic system (and the majority usually don't). Assume the 
required thrust for a safe vertical takeoff is 20% higher than the vehicle's takeoff weight and 
solve for the Figure of Merit. If the Figure of Merit ends up being much higher than 80% then 
somebody is either trying to snow you or doesn't know his physics. If the Figure of Merit is 
below 60% you may have a potential to increase efficiency. 



Appendix B- The physics behind Lesson Learned #2 
 

Thrusting devices such as propellers and rotors don't work as well off of their design point and 
the larger the thrust and speed range the propeller or rotor must operate over, the more inefficient 
it is going to be. Unfortunately a VTOL needs to be efficient both in hover (to lift an economical 
size payload) and in cruise (to achieve a decent speed, range and endurance). These two 
conditions for a VTOL are very different in both speed and thrust requirements and don't lend 
themselves to the use of a single thrusting device until or unless there is a real breakthrough in 
variable geometry propulsors. 
 
For example, in hover you want a low amount of blade twist and for horizontal flight propulsion 
you need a lot. A compromise must be made between the two which results in mediocre 
efficiency in both modes. The situation is worse for auto-rotation since you want rotor blade 
twist in the opposite direction from what you need to operate as a propeller. Also in order for the 
system to function for hover you need a lot of blade area (more like a wing) and for forward 
propulsion you want relatively little. 

 
In order to try to over-come these difficulties, various different approaches have been pursued 
such as variable rpm and variable geometry such as telescoping rotor blades and variable rotor 
blade twist. Despite a lot of work in this area only variable pitch coupled with reduced rpm in 
cruise has been used on tilt rotors that the author is aware of. Variable rpm helps but also tends to 
operate the engine at its off-design point in cruise or require variable gear ratio transmissions. 

 
Other approaches to solving this problem (pursued by McDonnell Douglas Helicopter, Bell 
Helicopter and Boeing) have included configurations that tilt the rotor forward or aft and then 
stop and fold the rotor blades aft for high speed flight utilizing a fan jet engine for propulsion. 
These configurations tend to be heavy and complicated. 


