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[bookmark: _x5sxkmvmohae]1. Climb Gradient

Description: The climb gradient is defined as the ratio of the increase of altitude to horizontal air distance expressed as a percentage.

Formula:





Explanatory notes:

· Insert Thrust in Newtons (N)
· Insert Weight in Newtons (N)
· Drag is equal Mass / Lift to Drag Ratio
· Weight is equal Mass x 10 (assume g = 10 m/s2)
· You will get result in percentage (%)




Example:

[bookmark: _zaq0sfmstfrk]Consider an airplane with four engines. One engine failed. Calculate the climb gradient with the given values:
[bookmark: _5rpvvcema1ta]
[bookmark: _8nuxulv874ws]Mass: 		358 000 Kg
[bookmark: _qm67fry3enbr]Drag: 		455 000 N
[bookmark: _37y1vijtzn2k]Thrust: 	245 000 N (each engine)
[bookmark: _elcikdas2vic]
[bookmark: _8itwmtp985gj](Consider: Acceleration of gravity = 10 m/s2)

[bookmark: _g05n8w44ensw]--------------------------------------------------------------------------------------------------------------------------------------

[bookmark: _vq3vs0qbs1sm]
[bookmark: _b78oakr5palb]1.  First, we have to calculate the total thrust. One engine is failed, so we have to consider only three engines in the calculation: 
[bookmark: _ejy2j1o7g30r]

[bookmark: _6uiq9f4ndipd]

[bookmark: _5nqhv7qyi9o9]
[bookmark: _7y7o1icnawyt]
[bookmark: _ecabzxyix1t2]2.  Then we have to calculate Weight from given Mass:




[bookmark: _5oi5c0pjfaii]
[bookmark: _3do7mjvl1f8p]
[bookmark: _t8lstiwoq32]3.  And finally, we substitute the numbers into the equation:
[bookmark: _y23t9qcbe2t0]


 

[bookmark: _rcmfxwfyw1sg]2. Rate of Climb

Description: Rate of climb is an aircraft vertical speed = positive rate of altitude change with respect to time. It’s usually expressed in feet per minutes.

Formula:



Explanatory notes:

· Insert Climb Gradient in percentage (%)
· Insert True Airspeed (TAS) in Knots (kts)
· You will get result in feet per minute (ft/min.)
· Some ATPL questions provide Ground Speed instead of True Airspeed. If wind is provided, True Airspeed has to be calculated. If no wind is provided, then assume wind is still and TAS = GS.


Example:

[bookmark: _oa6a27x67kln]What rate of climb will be achieved with a climb gradient of 3.3% and a groundspeed of 100 kts?

[bookmark: _gcssgksbghsw]--------------------------------------------------------------------------------------------------------------------------------------

[bookmark: _eh2n9fxhp3or]
[bookmark: _ejmulfbbd5yw]1.  There is no True Airspeed provided in the question, so assume still wind: 
[bookmark: _bt6x326pnukr]



[bookmark: _s6vup9mriawp]2.  Substitute the numbers into the equation: 
[bookmark: _2nobn2rs592a]





[bookmark: _9l5oygu8r4hw]3. Climb Distance

Description: Climb distance is a required distance to reach a given height. It can be either ground distance or still air distance. 

Formula:







Explanatory notes:

· Insert Height difference in feet (ft)
· Insert Climb Gradient in percentage (%)
· Insert True Airspeed (TAS) or Ground Speed (GS) in Knots (kts)
· To calculate TAS, insert Distance in Air Nautical Miles (NAM) and Time in Hours (hr)
· You will get Ground Distance in Nautical Miles (NM)
· You will get Still Air Distance in Air Nautical Miles (NAM)
· In the ATPL exams, Still Air Distance is usually find in the given performance chart. Then, Ground Distance is calculated using the first two formulas above.




Example:

[bookmark: _5nb5aws0dt6t]Calculate ground distance in nautical miles (NM) if time to travel 18 NAM of distance is 9 minutes. Average headwind component is 20 kts.

[bookmark: _ob7jdr7obt1q]--------------------------------------------------------------------------------------------------------------------------------------

[bookmark: _5h0oq6mj05db]
[bookmark: _ediv03ljca0z]1.  Time is provided in minutes, we need hours for our calculation: 
[bookmark: _58fqywdjtk5g]
 


[bookmark: _e6oji1x4gn38]2.  There is no True Airspeed provided in the question, so first we have to calculate TAS: 
[bookmark: _tdkgqy42olzo]
 


[bookmark: _vu7q6grh2wvs]3. Now we have to calculate Ground Speed. We know the average headwind component is 20 kts: 
[bookmark: _xo8ev45oqxo1]



[bookmark: _nyo26s7vqef3]4. Substitute the numbers into the equation: 
[bookmark: _4d8wm25bheg5]





[bookmark: _3dl0feo8lohg]Performance Cheat Sheet

[bookmark: _gd3nmtmhds1v]
[bookmark: _1jtiseiu0ca]1. Climb Gradient






[bookmark: _ucf3rik46giu]2. Rate of Climb




[bookmark: _vknhhlmnthqb]3. Climb Distance
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