


Objective:
§ To familiarize the student with limitations and performance charts, 

conditions that can affect performance of the aircraft, and how to 
calculate limitations in determining a go / no go decision.
Content:
§ Determination of weight and balance condition. 
§ Use of performance charts, tables, and other data in determining 

performance in various phases of flight. 
§ Effects of exceeding limitations. 
§ Effects of atmospheric conditions on performance. 
§ Factors to be considered in determining that the required 

performance is within the airplane’s single and multiengine 
capabilities. 



Equipment:

§ Markers

§ Diagrams

§ POH

§ Notes

Instructor Actions:

§ Discuss above elements and answer/ask questions

Student Actions:

§ Take notes, and answer questions. Ask questions if any arise

Completion Standards:

§ The lesson is complete when the elements are discussed, and questions answered.  
Student should be able to answer questions related to elements in this lesson. 
Student should be able to calculate aircraft performance from POH charts. With an 
understand the importance of performance & situations that adversely affect 
aircraft performance in making go-no go decisions. 



§ Vr Rotation Speed                    71

§ Vx Best Angle of Climb           71

§ Vy Best Rate of Climb              85

§ Vxse Best Angle 1 Engine           85

§ Vyse Best Rate 1 Engine              85

§ Vso Stall w/ Flaps down             60

§ Vs1       Stall w/ Flaps up                  70

§ Vmc Min Control 1 Engine          65

§ Va Maneuvering (3000lbs.)     116

§ Va Maneuvering (Max Gross) 132

§ Vno Max Structural Cruise        154

§ Vne Never Exceed                      194

§ Vsse 1 Engine Intentional             71

§ Vlr Max Gear Retraction          112

§ Vle/Vlo Max Gear Speeds               140

§ Vfe Flap Extension (20°)           120

§ Vfe Flap Extension (Full)          110

§ Vg           Best Glide 3000lbs.               82

§ Vg           Best Glide Max Gross          95

§ X-wind Max Demonstrated                 25



§ Take-off & Max Power - Full throttle , 2700 RPM

§ Max Oil Temp - 245

§ Max Cylinder Head Temp - 500

§ Oil Temperature
§ Caution Range (Yellow Arc) - 60 – 120
§ Normal Operating Range (Green Arc) - 120-245 
§ Maximum – (Red Radial) - 245 

§ Oil Pressure
§ Minimum Idle (Red Radial) – 25PSI
§ Caution Range (Yellow Arc) – 25-60PSI
§ Normal Operating Range (Green Arc) - 60-100PSI 
§ Maximum (Red Radial Line) - 100psi 



§ Manifold Pressure
§ Normal Operating Range (Green Arc) – 15 to 29.6 inHG

§ Tachometer
§ Normal Operating Range (Green Arc) – 2000-2700 RPM 
§ Maximum (Red Radial Line) – 2700 RPM 

§ Fuel Pressure 
§ Minimum (Red Radial) – 0.5 psi

Normal Operating Range (Green Arc) – 0.5-8.0 psi 
§ Maximum (Red Radial) – 8.0 psi 

§ Cylinder Head Temperature
§ Normal Operating Range (Green Arc) – 200 to 500  
§ Maximum (Red Radial) – 500  

§ Instrument Pressure 
§ Normal Operation (Green Arc) – 4.3 – 5.9 in. Hg. 



§ Av Gas 100 Green, 100LL Blue 
§ Total Fuel 103 , 51.5 per tank 
§ Total Usable 100, 50 per tank 
§ Minimum 9 gallons per tank for engine start 
§ Yellow arc (Empty – 9 gallons) 
§ Take off in yellow arc prohibited 
§ Max Slip duration 30 seconds 
§ Fuel cross-feed system to be used in emergency conditions and 

level flight only 



§ Max 8 quarts per engine 

§ Min 3 quarts per engine 

§ Refer to Servicing Section POH Section VIII for approved Engine 
Oils 



§Normal Category 
§Aerobatic maneuvers including spins are prohibited 
§Max Slip Duration  30 seconds 
§Positive maneuver Loads 
§Flaps up 3.8G
§Flaps down 2.0 G

§Negative Maneuver Load 
§Flaps up -1.52g



Positive Maneuvering Load Factors 

§ Flaps up – 3.8 G

§ Flaps down – 2.0G

Negative Maneuvering Load Factor

§ -1.52G



§VFR Day / Night 

§IFR Day / Night 
§Part 91 operations when all limitations and 
performance considerations are complied with 

§Flight into Known Icing Conditions is prohibited 



§A weight and balance must be performed prior to 
every flight during preflight preparation. 

§It must be determined prior to every flight that the 
aircraft is with in it’s weight and C.G limitations. 

§Flight outside of these limitations significantly affect 
performance and controllability of the aircraft. 



§ The pilot should always be aware of the consequences of 
overloading. 

§ An overloaded aircraft may not be able to leave the ground, or if it 
does become airborne, it may exhibit unexpected and unusually 
poor flight characteristics. 

§ If not properly loaded, the initial indication of poor performance 
usually takes place during takeoff. 



Excessive weight reduces the flight performance in almost every respect. For 
example, the most important performance deficiencies of an overloaded aircraft are: 

§ Higher takeoff speed 

§ Longer takeoff run 

§ Reduced rate and angle of climb 

§ Lower maximum altitude 

§ Shorter range 

§ Reduced cruising speed 

§ Reduced maneuverability 

§ Higher stalling speed 

§ Higher approach and landing speed 

§ Longer landing roll 

§ Excessive weight on the nose wheel or tail wheel 











§ Maximum Ramp Weight 3916 lbs.

§ Maximum Takeoff Weight 3900 lbs.

§ Maximum Landing Weight 3900 lbs.

§ Maximum Zero Fuel Weight 3500 lbs.

§ Max Weight in Baggage Compartment 200 lbs.

§ Maximum Useful Load 1470 lbs.

§ Zero Fuel Weight | Zero fuel weight is the maximum weight of passengers and 
baggage less the fuel weight that the airplane can withstand before structural 
damage occurs. Zero fuel weight for the Duchess is 3,500 lbs.



§ Forward C.G of 106.6 Inches at 3250 lbs. 

§ Aft C.G. 110.6 Inches at 3900 lbs. 



AFT

§ Poor Nose Steering, less weight on 
nose

§ Easier to rotate

§ Better climb performance 

§ Better Cruise performance 

§ Decrease stall speed 

§ Difficult to recover from a stall

§ Difficult to maintain Vyse

Forward



§ Takeoff Weight for Positive Single Engine Rate of Climb

§ Crosswind 

§ Takeoff Distance / Soft Field Takeoff Distance 

§ Accelerate Stop & Accelerate God Distances

§ Two Engine Climb

§ Takeoff Climb Gradient Single Engine  



§ Charts is used to simply determine if at 
your weight and atmospheric 
conditions you can climb. 

§ See Single Engine Rate of Climb Chart. 
§ In preflight planning we must always 

be planning for a potential engine 
failure on takeoff. 

§ Never takeoff at a weight or density 
altitude that will not guarantee a 
positive rate of climb on a single 
engine 

§ Note performance charts are for new 
airplanes performed under ideal 
performance. Always plan for less! 

§ Exceeding limitations ensures negative 
performance 



§ This chart is for exactly what the title implies. Plug in your weight 
from the weight & balance to determine if you will be able to 
climb at liftoff, period. If you can’t, then you are committed to 
pulling throttles to idle and stopping the airplane. 

§ Accelerate-Go would be impossible in this case.

§ These charts were printed in 1980 when the airplanes were new. 
Always assume that your airplane will not live up to the 
performance stated in the charts. 

§ Always plan for worst case scenario and always give yourself an 
out. Always fly under the assumption “what if”.



§ Demonstrated Crosswind is 25 knots. 

§ Exceeding Crosswind limitation 
places the aircraft in a position where 
it is likely you will run out of control 
input to land straight. 

§ Cross wind landing with a Sideload 
on the gear places the aircraft in a 
position for a possible gear collapse, 
or runoff the side of the runway.  

§ Consider changing runways or 
airports. 





§ Note Conditions. 

§ Exceeding limitations on weight and atmospheric conditions is poor judgment. 
Your not a test pilot. Unknown, poor performance. 

§ Consider personal minimums when using a takeoff distance chart. 

§ Ground roll distance provides the pilot with a rough estimate of location of Vr
speed. Refer to a runway/ taxi diagram and locate a rotation spot on the runway. 

§ If Vr is not reached be predetermined spot consider the reality of a potential 
engine abnormality, possible abort takeoff. 

§ Ground roll should never be more than ½ of the runway length. See Accelerate 
Stop Distance Chart. 

§ Takeoff Distance provides distance to where the aircraft is only 50ft off the ground. 
Consider terrain, gives yourself significant margin for clearance. 

§ Personal Minimum of ½ runway length for takeoff distance allows for a landing 
after engine failure at 50 ft. 





§ Note Conditions

§ Consider personal minimums when using a takeoff distance chart. 

§ Exceeding limitations on weight and atmospheric conditions is poor judgment. Your not 
a test pilot. Unknown, poor performance. 

§ Ground roll distance provides the pilot with a rough estimate of location of Vr speed. 
Refer to a runway/ taxi diagram and locate a rotation spot on the runway. 

§ If Vr is not reached be predetermined spot consider the reality of a potential engine 
abnormality, possible abort takeoff. 

§ Ground roll should never be more than ½ of the runway length. See Accelerate Stop 
Distance Chart. 

§ Takeoff Distance provides distance to where the aircraft is only 50ft off the ground. 
Consider terrain, gives yourself significant margin for clearance. 

§ Personal Minimum of ½ runway length for takeoff distance allows for a landing after 
engine failure at 50 ft. 





§ Accelerate-Stop distance is the distance required to accelerate to liftoff 
speed Vr (71) and, assuming failure of an engine at the instant liftoff 
speed is attained, bringing throttles to idle and stopping the airplane.

§ Exceeding limitations on weight and atmospheric conditions us poor 
judgment. Your not a test pilot. Unknown, poor performance. 

§ The FARs do not specifically require that the runway length be equal to 
or greater than the accelerate-stop distance. 

§ Most AFM/POH publish accelerate-stop distances only as an advisory.
§ It becomes a limitation only when published in the limitations section of 

the AFM/POH. 
§ Using runway lengths of at least the accelerate-stop distance is a good 

operating and safety practice.
§ If Distance is to long reduce weight, wait, change runways. 
§ Never land on a runway that you are not sure you can takeoff from!







§ Accelerate-Go distance is the distance required to accelerate to liftoff speed Vr (71) 
and, assuming failure of an engine at the instant liftoff speed is attained, continuing the 
takeoff and climbing to 50’. 

§ Performance Chart assumes at the moment of engine failure the inop engine is 
feathered. 

§ Exceeding limitations on weight and atmospheric conditions is poor 
judgment. Your not a test pilot. Unknown, poor performance. 

§ Accelerate God distance assumes perfect performance by pilot and aircraft and that 
has only brought the plane 50 feet of the ground! Leave significant margin. 

§ If an engine fails below VMC while airborne, directional control is not possible with the 
remaining engine producing takeoff power. On takeoffs, therefore, the airplane should 
never be airborne before the airspeed reaches and exceeds VMC.

§ Know before you try to takeoff whether you can maintain control and climb out if you 
lose an engine with the gear still down!

§ *See Single Engine Rate of Climb. If single engine rate of climb is less than 0 , DON”T 
TAKEOFF! In the event of an engine failure you have not choice but to land! 





§ The accelerate-go distance, under ideal circumstances = 50 feet
above the takeoff elevation.

§ To achieve even this meager climb, the pilot had to
instantaneously recognize and react to an unanticipated engine
failure, retract the landing gear, identify and feather the correct
engine, all the while maintaining precise airspeed control and
bank angle as the airspeed is nursed to VYSE. Assuming flawless
airmanship thus far, the airplane has now arrived at a point little
more than one wingspan above the terrain, assuming it was
absolutely level and without obstructions.





§ Note Conditions
§ Climb Speed is 85 Vyse
§ Two engine climb chart is used to determine the expected two 

engine climb rate at various atmospheric conditions and various 
weights. 

§ This chart is specifically used to determine safe climb for terrain 
avoidance and MCA clearance. 

§ Mountainous 2000’ , Non- Mountainous 1000’
§ Exceeding limitations on weight and atmospheric conditions is 

poor judgment. Your not a test pilot. Unknown, poor performance. 
§ Note expected performance along flight to determine how the 

engines are performing. Charts at determined for optimal 
performance. 





§ Takeoff Climb gradient chart helps the pilot in preflight planning to determine 
under various atmospheric conditions and weights if the aircraft not only can liftoff 
but maintain a positive climb gradient in the event of an engine failure.

§ Note note all aircraft (under 6000 or Vso less than 1.27Vso2) are required to have a 
positive single engine climb performance. But only must be specified. 

§ Do not exceed the limitations of the chart. If you do, then you are committed to 
pulling throttles to idle and stopping the airplane on engine failure

§ Accelerate-Go would be impossible in this case.

§ These charts were printed in 1980 when the airplanes were new. Always assume 
that your airplane will not live up to the performance stated in the charts. 

§ Always plan for worst case scenario and always give yourself an out. Always fly 
under the assumption “what if”.





§ Note Conditions 

§ Assumes en0route climb speed = 100 knots

§ Time, Fuel, Distance Chart to climb is used to determine the time, distance, and fuel 
required to takeoff and reach top of climb, or time from one altitude to climb to 
another altitude. Under various weights and atmospheric conditions. 





§ Note Conditions

§ Climd Speed Vyse = 85knots 

§ Climb one engine inoperative chart gives you expected climb performance 
positive or negative for various atmospheric conditions an weights. 

§ In preflight planning use this chart to determine if the aircraft can climb on single 
engine to clear terrain and maintain IFR clearance limits. 

§ If the aircraft has an engine failure above it’s single engine service celing it will 
drift down to that ceiling for atmospheric conditions and weight. 

§ No before you can go if you can still maintain positive rate of climb on a single 
engine for the whole of the flight. If not plan a different route, reduce weight, wait 
for better conditions. 

§ Note that the limitations of weights, altitudes, and temperatures. Attempting to 
climb outside of the charted limits exceeds the limitation of the aircraft. 





§ Note Conditions

§ Assumes Vyse = 85 knots 

§ The highest altitude at which the airplane can maintain a steady 
rate of climb of 50 fpm with one engine operating at full power and 
one engine’s propeller feathered.

§ During the enroute preflight planning segments consider obstacle 
clearance, MEA’s, MCA’s, OROCA’s, MSA’s in relation to the 
expected Single Engine Service Ceiling. 

§ If your Single Engine Service Ceiling will not allow you to meet 
required altitudes change your routing, reduce weight, wait for 
better conitions! 



§ The altitude where climb is no longer possible with one engine operating at 
full power and one engine’s propeller feathered. 

§ If the airplane is flying above the single-engine service ceiling and one 
engine fails in flight, the airplane will drift down from its current altitude to 
the single-engine service ceiling.

§ Above the single-engine absolute ceiling, VYSE yields the minimum rate 
of sink.

§ For example if an airplane’s single-engine absolute ceiling is 5,000 ft. and 
while cruising at 9,000 ft. an engine fails, the airplane will drift down 
(descend) to 5,000 ft.

§ Planning must be made to ensure terrain clearance, MEA’s, MCA’s, ect. in 
the case of an engine failure en-route during pre-flight planning 






























