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Meu Caro, 

Esta semana proponho-te que falemos um pouco sobre velocidades de manobra e factores 
de carga, dois temas importantes pois, se não perfeitamente dominados, poderão criar 
situações de risco para ti e para o teu avião. 

Lembras-te com aprendeste inicialmente a manobra de “perda”? Provavelmente, ensinaram-
te como a mim. Provavelmente, com o avião configurado como para a descolagem, ou seja, 
com o perfil limpo, aproaste a aeronave ao vento, asas direitas e foste, gradualmente, 
reduzindo a velocidade até atingires a velocidade mínima de controlo – a VS1 – indicada no 
velocímetro de ar como sendo o limite inferior do arco verde. Ao ultrapassares para baixo 
esta velocidade o avião entrou-te em perda e recuperaste a situação conforme as instruções 
do teu instrutor. 

Naturalmente, à medida que ias reduzindo a velocidade ias aumentando o ângulo de ataque 
da asa para aguentares o avião a voar. Esta é a melhor maneira de percebermos o efeito de 
se ultrapassar o ângulo de ataque crítico. Porém, se o nosso treino tivesse ficado por aqui 
correríamos o risco de ter ficado com uma noção errada. Que noção? A noção de que para 
evitar ultrapassar o ângulo de ataque crítico bastar-nos-ia simplesmente voar acima da VS1. 
Porém, isto não é verdade e o simples facto de não ser verdade pode colocar-nos numa 
situação de insegurança. Aquilo contra o qual nós lutamos. 

Supõe, agora, que te encontras estabilizado numa “final”, configurado com os flaps em 
baixo, “throttle” em “idle”, trocando sabiamente energia potencial por energia cinética. Desta 
troca resulta um planeio a 65 kts (IAS). Bem acima da VS1 do teu avião. Uma descida 
perfeita. Supõe agora que um piloto descuidado te aparece por debaixo e à frente do teu 
avião. Meu caro, temos estar sempre alerta para estes “descuidados”, eles surgem quando 
menos se espera. Qual será a tua primeira reacção? Muito provavelmente deixas o instinto 
funcionar e puxas violentamente o manche à barriga. Sabes o que é que muito 
provavelmente vai acontecer? Mesmo sem nunca passares abaixo da VS1, a asa do teu 
avião vai ultrapassar o ângulo de ataque crítico e vai entrar em “perda”. Com a agravante de 
não estares à espera e pior do que isso: a baixa altitude. Sabes o que é que isso significa? 
Sabes com certeza. O desastre! Aquilo a que os americanos designam por CFIT – 
Controlled Flight into Terrain. Vais estatelar-te com o avião contra o chão com tudo o que 
daí pode resultar. Sabes como é que se chama ao fenómeno que provocou esta situação? 
Chama-se uma “perda acelerada”. Ao puxares o manche à barriga, o aumento de 
sustentação que criaste provocou uma carga suplementar na estrutura do avião. 

Para perceberes bem a importância da velocidade de manobra no evitar da “perda” Lê o 
seguinte artigo da autoria de Rod Machado incluído no número de Março de 1999 da AOPA 
Flight Training. 



A NEW LOOK AT MANEUVERING SPEED 

Excerpted from: Rod Machado's Private Pilot Handbook 

The first time you encounter turbulence I know what you're going to do. You'll peek out the 
right then the left window to make sure the wings are OK (as if you wouldn’t know). Fair 
enough. Even though the wings are subject to lots of stress, you needn't worry about them 
breaking as long as you do one thing. Simply keep the airplane at or below its designed 
maneuvering speed in turbulence. Here's how this works.  

The design maneuvering speed (VNO) is the speed at which the airplane will stall before 
exceeding its design limit-load factor in turbulent conditions or when the flight controls are 
suddenly and fully deflected in flight. Under these conditions the airframe experiences an 
increase in "G-force" or "load factor."  

The limit-load factor of U.S. certificated airplanes is based on the maximum amount of G-
force the airframe can withstand before becoming damaged. Airplanes stressed up to but not 
beyond their limit-load factor should experience no structural damage. (This assumes the 
airplane is like new and not previously over stressed.)  

For the purposes of airplane certification, airplanes are certified in one of three categories: 
normal, utility, aerobatic. Each category has stress limits of: 

               +3.8Gs and -1.52Gs for normal category airplanes; 

               +4.4Gs and -1.76Gs for the utility category airplane; 

               +6Gs and-3Gs for the aerobatic category airplane. 

Let's examine how maneuvering speed prevents us from exceeding these limits.  

Standing anywhere on planet Earth, you'll experience "one" times the force of gravity or 1G. 
It's gravity that pulls you toward Earth's center, providing the feeling of weight. On the 
surface, gravity exerts a constant 1G pull. In an airplane, however, you and the airplane can 
feel like you weigh more than your actual weight. This occurs when the airplane turns or the 
angle of attack suddenly increases (as it does in turbulence). This increase in apparent 
weight is called an increase in "G-force" or "load factor."  

Let's suppose our airplane is cruising in straight and level flight at a constant airspeed. In this 
condition, lift is equal to weight and we experience a G-force of 1. We can represent G-force 
by the formula:  

                                                       Lift/Weight = G-force. 
In straight and level unaccelerated flight the lift developed by the wings is equal to the 
airplane's weight. Thus, the G-force is 1G.  

If the angle of attack suddenly increased (by pulling back on the elevator or encountering a 
vertical gust of wind for example), the wings would produce an instantaneous increase in lift. 
The airplane accelerates upward and you're forced downward in your seat. In other words, 
there is more upward pull by lift compared to the downward pull by weight. The G-force 
increases proportionally to the sudden increase in lift. Instantaneously doubling, tripling or 
quadrupling the lift, doubles, triples or quadruples the G-force.  

A direct (or nearly so), one-to-one relationship exists between lift and angle of attack. For 
instance, at a constant airspeed, in a 1G condition, a sudden doubling of the angle of attack 
doubles the wing's lift and doubles the G-force. Tripling or quadrupling the angle of attack 
triples or quadruples the G-force.  

For instance, assume the airplane is flying at a fast cruise speed of 140 knots as shown in 
Figure 1. 



 
Fig. 1 

The airplane and its contents experience 1G at an angle of attack of 3 degrees for level 
flight. Suppose a sudden gust increases the angle of attack by an additional 3 degrees. The 
wing's original angle of attack has now doubled to 6 degrees (3+3=6). Consequently, lift 
suddenly doubles, producing 2Gs. A sudden increase in angle of attack to 9 degrees triples 
the lift and the G-force. An increase to 12, 15 and 18 degrees increases the lift and G-force 
to four, five and six times its original value.  

Since the wing stalls (and lift production decreases) at approximately 18 degrees angle of 
attack, any further increase in angle of attack beyond six times the original value of 3 
degrees won't increase the G-force. Therefore, at 140 knots this airplane is capable of 
experiencing 6Gs before the wings stall. If the airplane in this example had a limit load factor 
of 4Gs, the structure might experience some damage at this speed in strong turbulence. (I 
chose 4Gs instead ofthe actual limit loads of +3.8, +4.4 or +6Gs for this example to simplify 
the math.)  

If we slow our airplane down to 110 knots (Figure 2), then a 4.5 degree angle of attack is 
necessary for a 1G, level-flight condition. 

 
Fig. 2 



If, at 110 knots, we suddenly double the original angle of attack to 9 degrees, the lift doubles. 
We now feel 2Gs. A sudden tripling of the original angle of attack to 13.5 degrees, triples the 
lift and we experience 3Gs. And finally, quadrupling the original angle of attack to 18 degrees 
produces four times as much lift. Therefore, we experience 4Gs. It's not possible to pull more 
than 4Gs in this example since the airplane will stall at 18 degrees. Consequently, 110 knots 
is the maneuvering speed for our airplane having a limit-load factor of 4Gs. At 110 knots, the 
airplane will stall before it exceeds this limit load factor in turbulent air or with full deflection of 
the flight controls. (Personally, in turbulence, I prefer to fly 10 to 15 knots below VNO to 
prevent a gust from temporarily raising my indicated airspeed above VNO.)  

Whether a specific gust doubles, triples or quadruples the angle of attack, depends on the 
angle of attack of the airplane in its 1G condition. As is clearly evident from these examples, 
it's easier for a gust to double, triple or quadruple the angle of attack over its starting value 
when the airplane is flying faster (because it's at a lower angle of attack to begin with). 
Consequently, it's easier to experience more Gs for a given amount of turbulence at higher 
airspeeds.  

Weight Change and VNO 
Maneuvering speed is based on the airplane being at gross weight. What happens when the 
airplane’s weight decreases? The answer is: the maneuvering speed decreases. Let me 
explain. 

Airplanes flown at weights below their gross weight require less lift for straight and level 
flight. Less lift means the airplane can be flown at a smaller angle of attack. In other words, 
an airplane at 2,500 pounds may require a 4.5 degree angle of attack at 110 knots to remain 
in level flight. Decreasing the weight to 1,800 pounds may require only a 3 degree angle of 
attack to remain in level flight at this speed. Does this angle of attack sound familiar to you? 

With a speed of 110 knots, at this lower weight, a sudden and very strong gust could 
increase the angle of attack from 3 to 18 degrees. From our previous example, this produces 
six times the original lift for a force of 6Gs. This is way beyond the limit of a normal category 
airplane. At lighter weights, what can we do to keep from exceeding our example limit of 4Gs 
when in turbulence?  

The answer is to slow the airplane down. At a slower speed (95 knots for example) a larger 
angle of attack (let's say 4.5 degrees) is necessary for level cruise flight at this lower weight. 

At this speed, we can increase the angle of attack four times before the airplane stalls. 
Ninety-five knots becomes our new maneuvering speed if we want to limit ourselves to 4Gs. 
Thus, decreasing weight requires a decrease in the airplane's maneuvering speed.  

Most of the newer Pilot's Operating Handbooks publish two or three different maneuvering 
speeds for variable weight conditions. If yours doesn't, try doing the following to compute a 
new one. For every 2% reduction in weight, reduce the max-weight maneuvering speed by 
1%. In other words, if the gross weight decreases by 20%, reduce the max-gross weight 
maneuvering speed by 10%. This is simple math. (Besides, don't feel too bad if you are 
confused about math. For many years, I thought the logarithms was a singing group at MIT.) 

A few final words. If you encounter turbulence in flight, fly a level flight attitude. Attempting to 
hold altitude at the expense of maintaining the proper airspeed might overstress the airplane. 
For those engineers reading this, I assume that the zero-lift angle of attack is zero degrees. 
A linear-lift curve is also assumed with a lift coefficient that increases 0.1 for each degree 
angle of attack increase (this is close enough to the real world for our purposes).  

Espero que tenhas percebido porque é que eu recomendo aos meus alunos que, numa 
situação de turbulência, a VAI nunca se deve manter dentro do arco amarelo do velocímetro 
de ar. Um problema de fragilidades e de “perdas”.  



ÚLTIMOS PREPARATIVOS ANTES DA DESCOLAGEM 
Tu e eu, a maior parte das vezes voamos em aeródromos que têm só uma faixa de 
aterragem e descolagem com duas pistas recíprocas. Porém, um dia lá vamos nós para um 
aeródromo com o qual não estamos familiarizados e com várias pistas. Controlador para 
aqui, controlador para ali, naquela sua conversa estilo corrida de cavalos e lá ficamos todos 
baralhados. Afinal qual é a pista por onde enfiamos para a nossa descolagem. Não me 
digas que isto é um problema de lana caprina que não merece entrada nesta pagela. Eu sei 
que não te enganas. Mas cuidado! A prática mostra que há companheiros nossos que se 
enganam o que quer dizer que, tu, também, te podes enganar. 

O National Transport Safety Board (NTSB) recomendou muito veementemente que os 
pilotos passem a incluir mais um ponto no seu “check-list” de últimos preparativos antes da 
partida. Recomendou, simplesmente, que o piloto deverá, antes de aplicar a potência para a 
descolagem, verificar se o “gyro-direccional” ou o HSI indicam o mesmo valor que a bússola 
magnética e que ambos indicam o mesmo valor que o número pintado na pista. Em 
Lexington, os pilotos do Comair Voo 5191 não fizeram este “check” cruzado. Entraram na 
pista errada. A pista era curta para as performances do avião. Faleceram todos no fim da 
pista. 

Aqui há uns anos, um avião da Ibéria que fazia a carreira Madrid-Lisboa aterrou no Montijo. 
As pistas desta base não têm a mesma direcção das de Lisboa. Bastava aos pilotos terem 
feito esta verificação e não passavam pela suprema vergonha pela qual passaram. 

Meu Caro, em Aviação a SEGURANÇA é absolutamente fundamental. Nunca descures nem 
sequer um aspecto “pequenino” desculpando-te que ele é marginal. Estas desculpas, às 
vezes, acabam muito mal. Um conselho do Fernando.  

Deixa-me terminar recomendando-te que te associes à AOPA Portugal. Perguntarás, de 
imediato, como o poderás fazer. Visita o site da AOPA Portugal em www.aopa.pt e manda 
as tuas perguntas para o Presidente da AOPA Portugal através do seguinte e-mail address: 
robin.andrade@aopa.pt. Gostaria de contar com a tua presença na nossa AOPA.  

Como sempre, um abração do 

Fernando 
 

 


