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Performance   and   Limitations  

Objective  

 

To   ensure   the   applicant   learns   the   importance   of   memorizing  
important   aircraft   limitations   and   how   to   calculate  
performance.  

Purpose  

Airplanes   are   designed   to   be   as   safe   as   possible   and   perform  
well   under   a   variety   of   circumstances,   but   this   safety   and  
performance   is   based   on   pilots   remaining   within   the   published  
limitations   and   performance   envelopes.    This   lesson  
introduces   pilots   to   the   procedures   for   calculating   the   various  
factors   which   affect   airplane   performance,   as   well   as   how   to  
consider   airplane   performance   and   limitations   during   flight  
planning.  

Schedule  Equipment  

● Ground   Lesson :   30   minutes  
● Student   Q&A :   10   minutes  

● Airplane   Checklist  
● Airplane   POH  
● Calculator  
● Whiteboard   /   Markers   (optional)  

Student   Actions  Instructor   Actions  

● Ask   any   questions,   receive   study   material   for   the   next   lesson.  
● Watch   linked   video.  
● Review   listed   references.  

● Deliver   the   ground   lesson   (below).  
● Answer   student   questions.  

Completion   Standards  

● Student   can   explain   the   following   concepts:  
● How   to   compute   Weight   and   Balance,   the   dangers   of   being   out   of   the   envelope  
● How   to   compute   takeoff,   landing,   and   cruise   performance  
● List   airplane   V   speeds   and   what   they   represent  
● Effects   of   density   altitude,   wind,   runway   surfaces,   etc.  
● Importance   of   calculating   required   performance,   differences   from   actual   performance,   safety   margin  
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References  

● Cyndy   Hollman   -   “Takeoff   Performance   (Private   Pilot   Lesson   7c)”  
○ YouTube   -    https://www.youtube.com/watch?v=3OKXUl5le30  

● Airplane   POH   -   Section   2   [Limitations],   Section   5   [Performance],   Section   6   [Weight   &   Balance]  
● FAA-H-8083-25B   (Pilot’s   Handbook   of   Aeronautical   Knowledge)   -   Chapter   4,   Page   4-5   [Density   Altitude],  

Chapter   5,   Page   14-15   [Static   and   Dynamic   Stability],   Chapter   5,   Page   15-17   [Longitudinal   Stability],   Chapter   5,  
Page   19-20   [Directional   Stability],   Chapter   5,   Page   25-26   [Stalls],   Chapter   5,   Page   34   [Load   Factors   and  
Stalling   Speeds],   Chapter   5,   Page   37   [Vg   Diagram],   Chapter   10,   Page   2   [Effects   of   Weight],   Chapter   10,   Page  
2-4   [Balance,   Stability,   Center   of   Gravity],   Chapter   10,   Page   4-5   [Terms   and   Definitions],   Chapter   10,   Page   5-11  
[Computing   W&B],   Chapter   11,   Page   16-18   [Landing   Performance],   Chapter   11,   Page   19-28   [Performance  
Charts]  

● FAA-S-ACS-6B   (Private   Pilot   ACS)   -   Area   I   Task   F  
● FAA-S-ACS-7A   (Commercial   Pilot   ACS)   -   Area   I   Task   F  
● FAA-S-8081-6D   (CFI   PTS)   -   Area   I   Task   F  

Ground   Lesson   Outline  

● Computing   Weight   and   Balance   -   Airplane   POH   Section   6   [Weight   &   Balance]  
○ POH,   Empty   Weight,   Fuel,   Passengers,   Cargo  
○ CG,   Dangers   of   Out-of-CG   Condition  

● POH   Performance   Charts   -   Airplane   POH   Section   5   [Performance]  
○ Takeoff   Performance,   Climb   Performance,   Cruise   Performance,   Landing   Performance  
○ Fuel   Burn,   TAS,   Endurance  

● Airplane   Limitations   -   Airplane   POH   Section   2   [Limitations]  
○ V   Speeds   -   Airplane,   Flaps   Extended,   Gear   Extended   Max   Speeds  
○ Max   Demonstrated   Crosswind   -   Not   a   true   limitation  
○ Vg   Diagram,   Load   Factor  
○ Dangers   of   Exceeding   Limitations  

● Effects   of   Atmospheric   Conditions   on   Performance  
○ Wind,   Temperature,   Pressure  
○ True   Altitude,   Pressure   Altitude,   Density   Altitude  
○ Effect   on   Takeoff   and   Landing   Speeds  

● Required   Performance  
○ Determining   sufficient   airplane   performance   for   planned   flight  

■ Also   consider:   Hard/Soft   Surface,   Airport   Environment   (Runway   Slope)  
○ Effects   of   Configuration  
○ Calculated   Performance   vs.   Actual   Performance  

■ Pilot   Skill,   Aircraft   Condition,   Improper   Leaning  
■ Safety   Margin  
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Ground   Lesson   Content  
● Computing   Weight   and   Balance    -   See   your   Airplane   POH   Section   6   [Weight   &   Balance]  

○ See   related   lesson   on    Airplane   Weight   and   Balance    (Area   II   Task   F)  
○ W&B   must   be   computed   using   data   from   the   POH.    The   POH   will   include   the   Empty  

Weight/Balance   data.    Pilots   add   Fuel,   Passengers,   and   Cargo   to   determine   the   loaded   airplane  
W&B   data.  

○ Flying   out   of   the   Weight/CG   envelope   is   extremely   dangerous!  
● POH   Performance   Charts    -   See   your   Airplane   POH   Section   5   [Performance]  

○ Takeoff   Performance    -   Use   tables   for   calculations,   take   note   of   conditions   and   configuration!  
■ Important   Note:    Table   below   is   an    Example   Only .    Use   data   from    your    airplane   POH.  

 
○ Climb   Performance    -   Use   tables   for   calculations,   take   note   of   conditions   and   configuration!  

■ Important   Note:    Table   below   is   an    Example   Only .    Use   data   from    your    airplane   POH.  
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○ Landing   Performance    -   Use   tables   for   calculations,   take   note   of   conditions   and   configuration!  

■ Important   Note:    Table   below   is   an    Example   Only .    Use   data   from    your    airplane   POH.  

 
○ Cruise   Performance,   Fuel   Burn,   TAS,   Endurance    -   Use   tables   for   calculations,   take   note   of  

conditions   and   configuration!  
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● Airplane   Limitations    -   See   your   Airplane   POH   Section   2   [Limitations]  

○ V   Speeds    -   It   is   crucial   for   pilots   to    memorize    and   stay   within   the   V   speeds   of   their   airplane.  
Some   important   V-Speeds   that   pilots   should   know:  

■ Vs    -   Stall   speed   (generally   in   clean   configuration)  
■ Vs 0    -   Stall   Speed   in   landing   configuration  
■ Vx    -   Best   Angle   of   Climb  
■ Vy    -   Best   Rate   of   Climb  

Prepared   by:    Ryan   Binns   ( ryancbinns.com/flying ),   March   2020  

http://ryancbinns.com/flying


PPL   (I-F)   /   CAX   (I-F)   /   CFI   (III-D)  
6  

■ Vg    -   Best   Glide  
■ Vfe    -   Max   Flaps   Extended  
■ Vle    -   Max   Gear   Extended   Speed   /   Vlo   -   Max   Gear   Operating   Speed  
■ Va    -   Maneuvering   Speed  
■ Vno    -   Max   Normal   Operating   Speed   (Top   of   Green   Arc)  
■ Vne    -   Never   Exceed   Speed  
■ Max   Demonstrated   Crosswind    -   Max   Demonstrated   Crosswind   is   not   a   true   limitation,  

it   is   simply   the   maximum   value   that   was   demonstrated   during   certification.     However,  
pilots   should   consider   their   own   proficiency   with   crosswind   techniques   when  
deciding   how   much   crosswind   is   allowable.     There   is   an   aerodynamic   limit  
(unpublished)   to   how   much   crosswind   is   possible   in   an   airplane.  

○ Vg   Diagram    -   The   Vg   Diagram   visually   illustrates   the   various   airplane   speed   limitations   and  
how    Load   Factor    affects   stall   speed,   etc.  

 
○ Dangers   of   Exceeding   Limitations    -   Exceeding   published   airplane   limitations   is   extremely  

dangerous   and   can   lead   to   in-flight   structural   failure!  
● Effects   of   Atmospheric   Conditions   on   Performance  

○ Wind,   Temperature,   Pressure    -   POH   Performance   Charts   generally   account   for   these  
variables,   as   they   can   increase,   or   decrease   performance.  

○ Measures   of   Altitude  
■ True   Altitude    -   Actual   altitude   above   Mean   Sea   Level   (MSL)   in   absolute   terms.  
■ Pressure   Altitude    -   Altitude   above   MSL   corrected   for   non-standard   pressure.    (Std  

Pressure   =   29.92”)    Each   0.01”   of   deviation   accounts   for    10   feet    of   correction.     When  
the   atmospheric   pressure   is   higher   than   standard,   the   pressure   altitude   is   lower  
than   the   true   altitude.  

■ Density   Altitude    -   Altitude   above   MSL   corrected   for   non-standard   pressure    and  
temperature.     This   altitude   is   used   primarily   in   performance   calculations    since   it  
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represents   the   “equivalent   altitude”   in   the   standard   atmosphere   (29.92”   and   15°   Celcius)  
where   the   same   performance   would   be   achieved.  

● This   is   computed   because   both   airplane   aerodynamic   performance    and    engine  
performance   are   affected   by   reduced   density   of   the   atmosphere.  

○ Effect   on   Takeoff   and   Landing   Speeds    -   When   Density   Altitude   is   high,   takeoff   and   landing  
true   airspeed    will   be   higher,   although   the   airspeed   indicator   will   display   the   same   indicated  
airspeeds.     This   equates   to   longer   takeoff   and   landing   distances!  

● Required   Performance  
○ It   is   crucial   that   pilots   determine    before   every   flight    that   the   airplane   has   sufficient   performance  

for   the   planned   flight.    Other   factors   to   consider:  
■ Soft   Runway   Surfaces    increase   takeoff   rolls,   and   decrease   landing   rolls  
■ Airport   Environment    -   Upward   sloping   runways   increase   takeoff   rolls,   and   decrease  

landing   rolls.    Obstacles   in   the   approach   or   departure   path   may   require   a   longer   takeoff  
or   landing   roll.  

○ Effects   of   Configuration    -   POH   performance   values   are   valid   only   for   the   specified  
configurations.    If   the   POH   specifies   to   use   Flaps,   Flaps   must   be   used   to   meet   the   stated  
performance!  

○ Calculated   Performance   vs.   Actual   Performance    -   The   POH   performance   numbers   should  
be   treated   as    best   case    values.    It   is   generally   best   to   add   some   ‘safety   margin’   to   the   computed  
numbers   to   account   for   things   like:  

■ Pilot   Skill    -   Meeting   calculated   landing   or   takeoff   distances   requires   good   pilot  
technique.    Any   mistakes   can   increase   these   values.  

■ Aircraft   Condition    -   Airplanes   which   are   older   frequently   fail   to   exactly   match   ‘book  
values’.  

■ Improper   Leaning    -   It   is   very   easy   to   perform   the   mixture   leaning   procedure   improperly,  
which   can   make   a   large   difference   in   actual   fuel   burn.  

○ Safety   Margin    -   Add   10-20%   to   takeoff   or   landing   distances.    Add   10-20%   to   fuel   burn   figures.  
Do   not   plan   to   conduct   flights   that   require   maximum   performance,   such   as   in   extreme  
crosswinds,   etc.  
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