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Catherine Cavagnaro, PhD

• Lead rep and DPE for the Nashville FSDO.  She is an ATP-SEL, COM-MEL, 
COM-SES and glider. She holds CFI,SEL/MEL and Instrument ratings. 

• Professor of Mathematics and was Chair of the Mathematics Department at the 
University of the South. She developed courses in aerodynamics, differential 
equations, and mathematical modeling using aviation examples.

• OwnerAce Aerobatic School in Sewanee, TN. Widely known expert on spin 

training, recovery, and avoidance. 

• During 2004-2008, served as test pilot, spin demonstration pilot, researcher, and 

visiting professor of aviation systems at the University of Tennessee Space 

Institute.

• Inductee 2018 Tennessee Aviation Hall of Fame 
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PILOT-INDUCED OSCILLATIONS

AOPA Pilot Magazine, August 2017
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PILOT-INDUCED OSCILLATIONS

AOPA Pilot Magazine, August 2017
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PIOS:  PILOT OUT OF PHASE

AOPA Pilot Magazine, August 2017
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PIOS:  PILOT IN PHASE

AOPA Pilot Magazine, August 2017
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PIOS:  RECOVERY

AOPA Pilot Magazine, August 2017
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CLIMB/DESCENT PLANNING

AOPA Pilot Magazine, February 2019
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CLIMB/DESCENT PLANNING

AOPA Pilot Magazine, February 2019
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POWER:  FULL THROTTLE, 2700 RPM 
MIXTURE:  LEAN (APPROPRIATE FUEL FLOW) 
FLAPS:  UP 
GEAR:  RETRACT AFTER POSITIVE CLIMB RATE 
COWL FLAPS:  AS REQUIRED 

Figure 2
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SLIPPING AND SKIDDING STALLS

AOPA Pilot Magazine, April 2019

SLIP SKID
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SECRET OF FLIGHT DOESN’T NEED TO BE

AOPA Pilot Magazine, November 2019
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AERODYNAMICS

AOPA Pilot Magazine, November 2019
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SECRET OF FLIGHT DOESN’T NEED TO BE

AOPA Pilot Magazine, November 2019
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https://www.youtube.com/watch?v=V1oCDR3DBbo

SECRET OF FLIGHT DOESN’T NEED TO BE

AOPA Pilot Magazine, November 2019
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BEYOND THE ACS

AOPA Pilot Magazine, December 2019

BRAKE CHECK

FLIGHT CONTROLS—FREE AND CORRECT

MAGNETO CHECK

APPLYING THROTTLE ON TAKEOFF

INCREASE PROPELLER RPM BEFORE LANDING

CROSSWIND LANDING TECHNIQUE

SLOWING AFTER LANDING
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FLARING/DIRECTIONAL CONTROL

AOPA Pilot Magazine, June 2020
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WEIGHT AND BALANCE

AOPA Pilot Magazine, August 2020

WEIGHT

TAIL 
FORCE

LIFT

A B

WEIGHT x A = TAIL FORCE x B

LIFT = WEIGHT + TAIL FORCE

Figure 2. 

AFT CG LIMIT 87”FORWARD CG LIMIT 77”

CA LCULATING THE MOMENT

BA LA NCE IN FLIGHT

FUEL 75”

PILOTS 85-89”
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Figure 1.

CALCULATING THE MOMENT

The longitudinal center of gravity (CG) of an aircraft  is the point along the longitudinal axis at  which the aircraft  

would balance if supported by a fulcrum. Using scales under each wheel, the CG posit ion for the empty aircraft  

is computed by the manufacturer and listed in the w eight and balance sheet that must be in the aircraft  dur-

ing fl ight. To allow the pilot  to compute the CG posit ion of the loaded aircraft , the manufacturer establishes a 

datum line from which the CG posit ion at  various loading stat ions are measured. For some, the datum line is 

the t ip of the spinner and for others, it  might  be the fi rewall. For the Beechcraft  Bonanza E33, it ’s a line located 

96.7 inches in front of the main wheels. What matters is not where the datum line is but  that all measurements 

are made from the same line.

The moment is the product of the weight and CG posit ion (or arm). For each of the fuel, pilots, rear seat  

passengers, and baggage, compute the product of the weight and the corresponding arm to find the moment. 

Divide the sum of all the moments b y the total of the w eights to get the CG posit ion of the loaded air craft .

BALANCE IN FLIGHT

The weight is shown at the CG of the loaded aircraft . In order to achieve balance in fl ight , the weight t imes the 

distance between the CG and the center of posit ive lift  (A) must equal the tail force t imes the distance from the 

tail to the center of posit ive lift  (B). The ine ciency of this configurat ion is that  the aircraft  must produce more 

lift  than its weight . In order to minimize the tail force, and therefore the total lift  necessary, designers place the 

tail far back on the fuselage.

THE MECHANICS OF W EIGHT AND BALANCE

86 | AOPA PILOT August 2020
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WEIGHT AND BALANCE

AOPA Pilot Magazine, August 2020

Visit   

AOPA.org/ creditcard  
to learn more

*Certain points and purchases restrictions apply, see full Rewards 
Terms and Conditions for full details at AOPA.org/creditcard.  

 1 Rewards points can be redeemed for Cash Back or other items pro-
vided through AOPA Pilot Rewards. A Cash Back redemption is applied 
as a statement credit. The statement credit will reduce your balance 
but you are still required to make at least your minimum payment. A 
minimum of 2,500 points is needed to redeem for Cash Back. Values 
for non-cash back redemption items such as merchandise, gift cards, 
and travel may vary.

FINA LLY! 
A CARD  

FOR PILOTS. 

Switch today to the 
new AOPA credit  card, 

and stop paying too 
much on your  

aviat ion purchases.

Cash Back 1 Every  

Other Purchase

1%
CASH BACK1 APPLIED AS STATEMENT CREDIT.

aopa.org/pilot AOPA PILOT | 87

Aft  CG: As the center of gravity of the loaded aircraft  moves aft , a 

smaller tail force is needed so the w ing can fly at  a lower angle of  

at tack. The aircraft  achieves a faster cruise speed but  features less 

angle of at tack stability. The aft  CG limit  set  b y the manufacturer pro-

vides enough stability as required by cert ificat ion guidelines.

Forward CG: With a forward CG, more nose-up trim is required to 

provide a greater tail force and the wing fl ies at  a higher angle of at tack. 

Cruise speed is slower but  longitudinal stability is enhanced. The forward 

CG limit  is set  so that the aircraft  w ill st ill have su cient elevator author-

ity to pitch the nose up f or rotat ion on takeo  as well as during the flare 

on landing.

The forw ard and aft  lim its f or the Beechcraft  Bonanza E33C, 

drawn to scale on the diagr am, show how surprisingly narr ow  the  

acceptable center of gravity range is.

OPTIMAL FUEL LOCATION

As the plotted value of CG posit ion and weight  moves toward the upper 

left , more nose-up trim is required to maintain level fl ight . Flaps down, 

power o , and operat ing in ground e ect all exacerbate the situat ion. 

So the upper left  part  of the envelope that  corresponds to heavy weight  

and forward CG is often missing, as there may not be enough elevator 

authority t o raise the nose in the landing flar e.

Locat ing the fuel at  a posit ion near that  of the loaded aircraft  

means that  the aircraft  CG posit ion won’t  change much w ith fuel burn, 

so you’ll not ice that  the fuel is usually close to the CG envelope limits. 

The Beechcraft  Bonanza E33C’s fuel tanks are located 75 inches aft  

of datum so, as the fuel f orward of the aircraft  CG burns away, the air-

craft  CG posit ion moves aft . Most  Cessnas and Pipers have fuel tanks 

centered slight ly behind the envelope so that  the aircraft  CG posit ion 

t ravels forward w ith fuel burn.
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by Catherine Cavagnaro, CFI-I, ATP, PhD

Thank you for 

participating!
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Save the Date!

Presented by Don L. Stacy
FAA Transportation Security Inspector-Wisconsin

Join us for next month’s MentorLIVE, February 17th at 8:00 p.m. ET 

“TSA Flight Training 

Provider Overview”
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Thanks for Watching!

Notice:
The National Association of Flight Instructors or Aeronautical Proficiency Training do not provide 
technical or legal advice. Content is for general information  and discussion only, and is not a full 
analysis of the matters presented. The information provided may not be applicable in all situations, 
and participants should always seek specific advice from the Federal Aviation Administration and/or 
appropriate technical and legal experts (including the most current applicable guidelines) before 
taking any action with respect to any  matters discussed herein.
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