
Exercise 5 Attitude & Power Changes
AIM: To learn how to change power and show the relationship between attitude and airspeed
T.EM.: LOOKOUT, Clock code, Location & Landmarks, Engine Instruments, T’s & P’s,

Effective Scan, Hand over of controls,
Speed Changes - Acceleration

Cruise Flight Overcome 
FLAPBACK

Hold Attitude 
to obtain speed

Reselect Datum Attitude

Speed Changes - Deceleration

Cruise Flight Decelerative Attitude
Overcome 

FLAP FORWARD
Hold Attitude 

to obtain speed
Reselect Datum Attitude

Datum Attitude Datum Attitude

Accelerative Attitude Accelerative Attitude

Decelerative Attitude Decelerative Attitude

SELECT - HOLD - ADJUST

Accelerative Attitude
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Exercise 5 Power and Attitude Changes
Vector Diagram

• Hover – Rotor Thrust
• Is Vertical only

• Cyclic Forward – Rotor Thrust
• Is broken down in 2 components.
• Vertical Thrust & Horizontal Thrust.  
• There is no longer sufficient vertical thrust to maintain 

straight & level flight.  
• With NO Collective lever movement, the aircraft will 

descend.

Required Lift for Straight & Level Flight

ROTOR THRUSTROTOR THRUSTROTOR THRUST =
VERTICAL THRUST

Required Lift for Straight & Level Flight

Power Changes - Acceleration

Power Changes - Deceleration

HORIZONTAL THRUST

ROTOR THRUST ROTOR THRUSTROTOR THRUST VERTICAL THRUSTVERTICAL THRUST

VERTICAL THRUST

HORIZONTAL THRUST

VERTICAL THRUST

HORIZONTAL THRUST

• Collective Lever has been raised 
to Increase Vertical Thrust, which 
stops the Descent.

VERTICAL THRUST

HORIZONTAL THRUST HORIZONTAL THRUST

• Cyclic Aft – deceleration.  
• The Vertical Thrust is now greater than the required 

Vertical Thrust to maintain Level Flight.  
• With NO Collective lever movement, the aircraft will 

climb.

• Collective Lever has been 
lowered to Reduce Vertical 
Thrust which stops the climb.

• Forward Flight, Cruise Straight 
& Level
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Speed

Power

Exercise 5 Power & Attitude Changes
POWER REQUIRED CURVE

There are 3 Drag forces that power needs to overcome.  The resultant of the 3 Drag forces is the Power required curve.  The 3 Drag 
forces are:

PROFILE: The shape, or profile, of the blades, stays relatively constant in relation to speed
INDUCED: The drag created due to creation of lift, as speed increase Induced Drag reduces
PARASITE: The drag created by the parts of the aircraft not creating lift, as speed increases so does 

Parasite drag (exponentially)

PARASITE DRAG

INDUCED DRAG
PROFILE DRAG

POWER REQUIRED FOR 
LEVEL FLIGHT

ENGINE POWER AVAILABLE
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Exercise 5 Attitude & Power Changes
Power Changes – Constant RPM – Governor ON 

INCREASE POWER 15” – 23”

Raise Lever MAP ↑ RPM ▬

DECREASE POWER 23” – 15”

Lower Lever MAP ↓ RPM ▬

Carb. Heat OUT

CYCLIC AFT PEDAL →

CYCLIC FWD PEDAL ←
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Exercise 5 Power and Attitude Changes
Lift Equation

LIFT = CL x ½ ρ x V² x S
CL = Coefficient of Lift
½ ρ = “RHO”, Air Density
V² = Velocity
S = Surface Area of Blade

Notes:

• As pilots we cannot change Air Density, although it is changed by Pressure, Temperature and Humidity.
• As pilots we cannot change the Surface Area of the Blade (S)
• We can change the Coefficient of Lift (CL), by altering the Angle of Attack
• We can change the Velocity (V²)
• Velocity is squared, therefore if we increase Velocity by a factor of 10, Lift will be increased by a factor of 100

Maintaining Constant Lift

• To maintain a constant amount of Lift if:
• Velocity is increased then CL would need to be reduced
• Velocity is reduced the CL would need to be increased
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Exercise 5 Power & Attitude Changes
DIS-SYMMETRY OF LIFT & FLAPPING

Zero Wind Hover

Both blades have equal velocity on the Advancing and
Retreating Blades, therefore there is an equal amount of 
lift evenly distributed across the disc

100 knots Forward Speed

Lift on the Advancing blade is much greater due to the 
increased velocity.  Lift on the Retreating blade is less 
due to the reduced velocity.  In this state the helicopter 
would roll towards the retreating blade side

ADVANCING
BLADE

RETREATING
BLADE

400 400 400
+ 100

500

400
- 100

300

100 knots

HOVER NORMAL FORWARD CRUISE
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400
+ 100

500

400
- 100

300

100 knots

100 knots Forward Speed

To combat the unequal lift on the Advancing and 
Retreating Blade and restore equal and uniform lift the 
Angle of Attack (α) must be altered on both sides of the 
disc.  On the Advancing Blade the Angle of Attack is 
reduced, whilst on the Retreating Blade the Angle of 
Attack is Increased

α▼α▲ 400
+ 100

500

400
- 100

300

100 knots

Flapping to Equality

The Angle of Attack is changed naturally by the blade 
movement, this is called FLAPPING.  On the 
Advancing Side the Blade moves UP to reduce the 
Angle of Attack, on the Retreating Side the Blade 
moves DOWN to increase the Angle if Attack.  This 
creates a Disc HIGH POINT at the front of the Disc, 
and a Disc LOW POINT at the rear of the Disc. This is 
corrected with Cyclic.

Exercise 5 Power & Attitude Changes
FLAPBACK & FLAP FORWARD

HIGH POINT

LOW POINT

FLAPBACK OCCURING
FLAPPING OCCURS DUE TO THE TEETERING HEAD IN THE R44 NOSE UP DUE TO UN-CORRECTED FLAPPING
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Exercise 5 Power & Attitude Changes
Aircraft Limitations
Vne
• Velocity Never Exceed
• You must not fly faster than these speed when you are in 

certain flight regimes
• They are found in the flight manual for each particular R44 

type and can differ.  They are also found on a placard in each 
Helicopter:

R44 P.O.H. Section 2, 2-1 - R44 Raven & R44 Raven II
• Up to 3000ft density altitude
• 2200lb TOGW & Below 130 KIAS
• Over 2200lb TOGW 120 KIAS
• Autorotation 100 KIAS
• Above 3000 feet density altitude, see placard

ADDITIONAL AIRSPEED LIMITS:
• Do not exceed 100 KIAS when operating at power above 

MCP
• Do not exceed 100 KIAS with any door(s) removed
• Do not exceed 110 KIAS in wind conditions

R44 P.O.H. Section 9, 9-5.1 - Fixed Utility Floats
• Up to 3000ft density altitude
• 2200lb TOGW & Below 120 KIAS
• Over 2200lb TOGW 110 KIAS
• Autorotation 100 KIAS
• Above 3000 feet density altitude, see placard

P.O.H. Section 9, 9-10.1 - Pop-Out Floats
• Do not inflate floats above 80 KIAS
• Do not exceed 80KIAS with floats inflated

1. Red Line – Indicates Operating Limits.  Pointer should NOT 
enter red during normal operations.

2. Red / White Cross Hatch – Indicates Power OFF Vne

3. Green – Normal Operating Range

Yellow Arc added in 2016 above 110 kts as a caution area 
when operating in wind

1

2

3
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Exercise 5 Power & Attitude Changes
Aircraft Limitations
ENGINE LIMITATIONS

• Found in the P.O.H. in each particular helicopter and type.  
They are also on a placard in the helicopter.

• M.A.P. Limits are determined by OAT and Pressure Altitude

1. Red Line – Indicates Operating Limits.  Pointer should NOT 
enter red during normal operations.

2. Yellow – Precautionary or special operating procedure range

3. Green – Normal Operating Range

1

23

ROTOR SPEED LIMITATIONS

Found in the R44 P.O.H., Section 2, 2-2

Power On
Maximum: 102% RPM 408
Minimum: 101%* RPM 404
* - transient operation below 101% permitted for emergency procedures 
training
Power Off
Maximum: 108% RPM 432
Minimum: 90% RPM 360
Low RPM Horn & Light: 97%
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Exercise 5 Power & Attitude Changes
Aircraft Limitations
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Exercise 5 Power & Attitude Changes
Aircraft Limitations
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Power & Attitude Changes – Common Errors

• Looking inside too much
• Not using Horizon to maintain speed(s)
• Over controlling 
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