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AUTOROTATIONS
Author: Peter Rodgers.  Condensed from Peter’s original paper used in TC’s safety courses
To a lot of us, practice autorotations are like a yawning abyss of potential disaster.  Let's face it, what else do you practice that so easily results in a bent aircraft if you stuff up?

And, Lord, it is easy to stuff up - the rate the ground rushes up to meet you, right?  Too early or late on the flare or pitch-pull, and – “bingo!!”  Also, there are some of us who cannot make a point or area to save our soul (and isn't that what it is all about?)

AND YET, AUTOS CAN BE A LOT OF FUN.
All you have to do is set a few parameters or margins around the perfect autorotation, and make sure you never get outside them.  Practice a lot, and remember the Golden Rules:

1.  ENERGY IS EVERYTHING - USE IT WISELY.

You start off with a bunch of potential energy (height) plus kinetic energy (speed and rotor RPM).  

You aim to touchdown with none - except the last bit of unusable RPM, which you are stuck with.  

This means minimum ground speed and rate of descent, so you do not turn the skids into U-tubes.  

To achieve that, your deceleration point must be a reasonably narrow `gate' of height, speed and rate of descent.  
Too little kinetic energy here means you cannot stop gravity turning the remaining potential energy into a metal-muncher.  
Too much kinetic energy (ballooning, or overshooting) or unusable kinetic energy (high speed, too low flare, or high rate of descent) can be just as bad.  

You can burn up energy by turns, yawning, flaring, or bleeding RPM but only at a height that lets you stabilize again before your final deceleration.  More on that later.

2.  AN AUTO IS ONLY ANOTHER APPROACH.

Things may happen quicker, but the principle remains the same.  
Imagine the final approach path from the touchdown point back through space.  
You have to line yourself up on that path and intercept it by about 200' AGL, and be fairly close to your minimum rate of descent speed.  
Another `gate' - not as small or as critical as the one for the deceleration, but if you are way off your parameters you need to do some quick thinking. 

How you get to this 200' gate is up to you; provided you stay within aircraft limits, you can do just about anything.  
It is smart to use range speed (R22=70kts, B47=60kts) until the gate is guaranteed, except for turns which you should be at a minimum rate-of-descent speed (R22=53 Kts, B47=43 Kts) - remember your rate of turn increases with lower speed, and the radius of turn decreases.  

If your helicopter goes further at a certain rotor RPM, stick to it.  Most importantly, watch your balance.

3.  USE EXCESS ENERGY WHILE YOU HAVE IT.

Hook into turns straight away, while you have an excess to cruise speed over auto speed.  

Decelerate hard as you turn to trade this excess energy against loss of height (watch RPM).  
A turbine helicopter should comfortably turn through 180 deg without losing a foot of height decelerating from cruise to auto speed.

4.  NEVER PEDAL AROUND A TURN.

The extra energy required to overcome additional parasite drag sucks you down far faster than any benefit from the increased rate of turn using the pedals. 

Pedal also tends to drop your nose in the turn.  This also increases your descent rate.  

Once you trim after entry into the autos, you should not move the pedals until the final deceleration - unless you deliberately yaw to use up energy, by causing extra drag, if you are going to overshoot the spot.

5.  THINK ABOUT THE COLLECTIVE.

On most occasions, you have to be pretty quick to reduce collective when the noise stops.  
Do not just dump it automatically! I know four people who were killed after their engine failed in a steep turn at about 200'(teetering rotor).  The pilot bottomed the collective as a reflex.  The zero "g" immediately made the cyclic ineffective - a characteristic of the system.  They did not have the height to recover and went in sideways.  

At high DA's you will need some collective throughout the auto.  

In turns, you will need collective. 

In the flare you may need collective (but remember to reduce it again prior to pitch pull to maintain revs).  We have already mentioned optimum RPM for the glide.  

You can also use the collective to clear an obstacle - say a ridgeline to make the valley below, provided you have the height to pick up RPM again with a flare or turn.  Another energy trade-off!

6. STABILIZE BEFORE YOU DECELERATE.

Before you start your final steep flare, you must be in a stable autorotation - at the narrow `gate' we talked about before.  That means a steady speed and rate of descent.  
Every time you move the controls in a stable auto (except the final flare, which we have not quite got to yet), your rate of descent increases overall.  Aha! I hear you say, what about a flare at altitude?  OK, say your stable rate of descent was 1500 feet per minute.  You haul back on the cyclic; your rate of descent might get back even to zero for a bit - but whatever it is by the time you stuff the nose back down and stabilize at 1500 fpm, you will have lost far more height than had you sat there fat dumb and happy.  Which, of course is why you do decelerate if you are overshooting.  

The same goes for the boot full of pedal; the descent rate goes up, and only settles back well after you get back in balance again.  

Collective - haul it up from the optimum setting, RPM bleeds off, the descent rate reduces momentarily; reduce it again, and the descent rate goes off the clock.  Net result: more height loss than if you had left it alone.

7.  KEEP THE DECELERATION SEPARATE FROM THE PITCH PULL.

To wring the utmost out of your flare, you should not pull pitch (EXCEPT to prevent overspeed) until the aircraft starts to sink.  That is, when it is telling you that you are fresh out of kinetic energy from airspeed.  If, as a lot of pilots do, you pull pitch in the flare, your thrust vector is still well back of the vertical.  It is largely wasted trying to slow the speed instead of cushioning you into the deck.

8.  FLARE ACCORDING TO THE AIRCRAFT AND CONDITIONS.

A helicopter with a high disc loading, at high DA and light winds needs a sharp hefty flare at a lower height.  Conversely a big aircraft with a low revving rotor in a strong wind at sea level is at the other end of the scale and needs a gentle flare from a higher height. 

The wrong technique results in either a sad lack of energy or a huge surplus of it.  Of course, with an aircraft like the R22, it all becomes largely academic, like Russian roulette.  It has a tiny rotor system whizzing around at enormous revs.

9.  USE THE RIGHT PITCH PULL.

With a low-inertia, high disc-loaded rotor, you do not have much choice here.  
After levelling the skids - You pull steadily and keep on pulling until touchdown.  
If you try that with a high-inertia system, you tend to hang up there.  It gets embarrassing, not to say dangerous, with a teetering system when your RPM gets too low and you are still airborne. 

A short initial pitch reduces vertical speed to a minimum, and the rest finishes the touchdown.  The beauty of this is that you can vary the about initial pitch to get maximum effectiveness.  If you pull a small amount of pitch slowly, say 1/4 maximum and hold it, the RPM start bleeding off.  Therefore, the remaining pitch will be at reduced pitch and is much less effective.  Good smooth stuff for when you are practising and are light and have the conditions going for you.  
When it is for real and AUW is far higher and the landing area marginal, remember that you can leave the initial pitch slightly later, then whack in a huge bit of collective.  As you are still at maximum RPM, it feels like a parachute opening above you. 

If you fly a high inertia rotor, this difference in technique should have been demonstrated to you - though it probably does not do the aircraft much good to practice it all the time!

10. WIND AT TOUCHDOWN IS MONEY IN THE BANK.

Even 5 knots makes a noticeable difference; 10 knots means a far safer touchdown. 

If there is no wind, make your own: run on if you possibly can. 

If you do make a running landing, remember four things:

1. At the point of touchdown, your skids must be aligned with the direction you are going - otherwise you are in the deep and purple.

2. Your tail rotor rapidly runs out of puff as you pull pitch (efficiency decreases) and in any crosswind you will probably turn as you run on.  If you do not have wheels and steering, do not try to correct it with the main rotor, apply cyclic into the turn.

3. Resist the temptation to quickly bottom the collective, especially on soft ground; reduce it slowly and smoothly.  

4. Do not ever use the cyclic to slow up on the ground - you may hear a clang as your tail boom drops onto the ground.  Keep it central!

Finally, a few thoughts on practice versus actual. 

In a practice, you are trying to demonstrate our flying skill in a set exercise.  Your primary concern is to avoid damaging the aircraft.  The techniques do not necessarily all form a positive habit transfer to the real thing - where you are frantically playing catch up with the situation, you may be a lot heavier, you and your passengers are scared silly, the landing area has not been checked and is probably what you have seen out the corner of your eye and are desperately trying to make.  Horrors - it may even be night time!  The surface is probably iffy, and your overriding concern is to have you and your passengers walk upon the surface of the earth afterwards.  Aircraft limitations and finesse are secondary considerations.

If you can develop a set technique - say a drill by numbers - that you can do consistently without much thought to the point where you start your final deceleration, then when the engine does quit you will be far better prepared to do it for real.  From a point - a standard flare and pitch pull will get you into the ground without injury @ 99% of the time, even if you have not met the practice parameters.  The aircraft may be bent if the area is not too good.

For these reasons I wish I could (but I can not) encourage pilots to practice termination with power autos at every opportunity, wherever they are.  Unfortunately, it is not legal in Australia to do this!  Perhaps if it was, we could concentrate on the emergency rather than the exercise.

