
Technical Stuff
for Aerobatics Part 1

Basic Flight Mechanics for Aerobatics
& How to Break a Decathlon or Pitts

David J Pilkington FRAeS

May 2026
DAVID.PILKINGTON@OZAEROS.COM.AU



2
DAVID.PILKINGTON@OZAEROS.COM.AU



From CASA’s Flight Safety 
Magazine December 2017

Why Dinosaurs?

“Buoyed by the anonymity of the keyboard, these largely 
fossilised creatures ….. exist in a cesspit of misinformation, 
half-baked truths and misshapen facts ….. 

..a great proportion of them 
were indeed white men over the 
age of sixty … the human 
equivalent of t-rex. …..

and remain cheerful and in good 
humour—never resort to 
personal insult and mind your 
manners.”
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CASA’s Definition of a Loop
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WHAT IS A LOOP?
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PHYSICS OF A LOOP

Dive to gain speed from 105 
to 120 kts ≈ 150 ft

Approx 10 ft per kt at 100 kts  

A Super Decathlon loses 
energy in a loop so, starting at 
120, it exits at 110 kts

R = (Vkts*1.69)2 / (N-1) / 32.2 & at the top R = (Vkts*1.69)2 / (N+1) / 32.2

At the top of the loop, V ≈ 35 kts at ≈ 0 G, the radius is 110 ft.

How to make it closer to a circle?
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Loop entry speed: 120 kts & 3.5 G, radius R = 500 ft

So,  for a height gain, H, of 1,000 ft for a circular loop – what is 
the energy and power required?



For constant radius:

140 kts at 6 G, R = 360 ft

Top 65 kts at 0 G, R = 360 ft

Considerations?

PHYSICS OF A LOOP cont

Note that pitch rate q = (N-1) g / V at 
bottom & (N+1) g / V at the top.

25 deg/sec at bottom and 20 deg/sec 
at the top for this recommended 
technique.

• High G so fatigue damage

• No margin from limit load factor so risk of 
major damage

• Less than 0 G at the top for bigger radius.

• Energy loss
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130 – 140 kts & 4 – 4.5 G



The forces and moments 
that all pilots know:

• Torque reaction

• Spiral slipstream effects

• Upgoing vs downgoing
blade angles

• Gyroscopics - precession

PROPELLER EFFECTS
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Tailwheel pilots definitely 
know about this – and the 
directions

and with more power

David Robson

Propeller effects are more 
important at low airspeed

Countered by control effectiveness



“Ensure that the instrument coaming 
is level as it passes through the 
horizon on the way up.”                      

LOOP FLIGHT MECHANICS
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“The airspeed is reducing quite 
rapidly now, so you’ll need to 
increase right rudder pressure ”

Propeller effects are more important 
at low airspeed and more power.

In a loop the pitch up results in 
right yaw from gyroscopics.

It depends on the aeroplane:

• Decathlon – keep the rudder fixed

• Pitts S-1 – I found it so hard to do a loop – move up a category!

Try a part outside loop to demonstrate.



Hit the rudder when the needle 
is at the “h” at “mph” on the ASI

HAMMERHEAD FLIGHT MECHANICS
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At very low airspeeds on the vertical up, the propeller effects require 
lot of aileron and rudder just to keep it straight

Hit the rudder and apply right 
aileron because the airspeed is 
decreasing rapidly and aileron is 
not very effective

Left yaw results in a pitch up so 
apply forward stick

If you hit the rudder too early and do that – inverted flap spin!

OR when the woollen yarn flutters

OR when the aileron is half deflected



In a Decathlon:

• Count to 3 to apply rudder?

HAMMERHEAD continue
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Now we have a higher airspeed 
and less power so the controls 
are more effective plus the 
propeller effects are much less.

Hit the rudder and ?

Secondary effect of rudder?

• Super D AFM states 35 kts

• Std D AFM states 44 kts



How to Break a Decathlon
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How to Break a Pitts

Pitts S-2B N260AF in 1995



FEA & flight tests with strain 
gauges and accelerometers

How to Break a Pitts



Pitts S-2B Design

Design flight envelope

• VA 154 mph = 134 KCAS

• Stall speed 63 mph = 54.6 KCAS
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But when flight tested stall speed

= 60 mph = 52.1 KCAS

So, the corner speed is 128 KCAS

and, from simple arithmetic, you 
will get 6.6 G at VA !

but ………



Simple Pilot Theory vs Real Aerodynamics

Pitts S-2B flight testing:

Full elevator at 121 kts resulted in 6 G so, at VA of 134 kts, 
expect 7.4+ G! The aeroplane will break …. they did!
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CAP 10 POH



What is VA really?
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FAA AC 23-19

What is the Operating Maneuvering Speed?



What is VA really?

19



JUNE 2019

QUESTIONS?
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