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   Giro em torno de z 

movimento de guinada

          ( yaw)

 = Psi maiúsculo - guinada

= Teta maiúsculo - arfagem

 = Fi maiúsculo - rolamento

  Giro em torno de  y 

movimento de arfagem 

       ( Pitching )

   Giro em torno de  x 

movimento de rolamento

          ( roll ) 

Regra mão direita giro 

sentido horário ( + ).

x3  =  x

y2  =  y3

z1  =  z2=

=

=

 

 

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

________________________________________ 

  



Slide 8 

 

       
v v

AA
v

Ax dvXZRdvXYQdvZYPH  22

      
v

A
v

A
v

Ay dvYZRdvXYPdvZXQH  22

       
v v

AA
v

Az dvXZQdvXZPdvYXRH  22

  IxxdvZY A
v

 22

IxydvXY
v

A  

  IyydvZX A
v

 22

 
v

A IyzdvYZ

  IzzdvYX A
v

 22

 
v

A IzxdvZX

Momentos de inércia Produtos de inércia

 

 

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

________________________________________ 

  



Slide 9 

 

xzxyxxx RIQIPIH 

yzxyyyy RIPIQIH 

yzxzzzz QIPIRIH 

 



kHjHiH
dt

d
HP zyx



kHjHiHkHjHiHHP zyxzyx








 



 

 

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

________________________________________ 

  



Slide 10 

 

zyxx QHRHHtorque  

zxyy PHRHHtorque  

yxzz PHQHHtorque  

kNjMiLkNjMiLTTtorque TTTAAATA




 

 

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

________________________________________ 

  



Slide 11 

 

 

 

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

________________________________________ 

  



Slide 12 

 

  TAyzyzxyxyyyzzxzxzxx LLQIRIRPIQIQRIIPQIRIPI  22

    TAyzxyyzxyxzzzxxyy MMPQIRQIIRIPRPIPRIIQI   22

 
TAyzxyxyyzxzxxyyxyzz NNPRIPIIQIQQRIPQIIPIRI  2

Equações diferenciais de movimento vindas da variação da 

quantidade de movimento angular com o tempo. 

P, Q e R componentes da velocidade angular do c.g. no sistema de 

coordenadas rotacional

Equações diferenciais não lineares.

(1.33)

(1.34)

(1.35)
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  xxx FTFAgmQWVRUm  .

  yyy FTFAgmWPURVm  .

  zzz FTFAgmVPUQWm  .

U, V e W projeções do vetor velocidade do C.G. no sistema de 

coordenadas rotacional.

Sistema de equações diferenciais não linear.

(1.37)
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  TAyzyzxyxyyyzzxzxzxx LLQIRIRPIQIQRIIPQIRIPI  22
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(1.33)

(1.34)

(1.35)
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Pxz - Plano de simetria
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  0 xyA
v

IdvXY 

(1.38)

(1.39)

  0  dvXZIxz A
v

 Foguetes e mísseis
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Com o plano de simetria tem-se:

  TA LLQRIyyIzzIxzPQRIxzPIxx  

    TA MMRPIxzPRIzzIxxQIyy  22

  TA NNIxzQRPQIxxIyyPIxzRIzz  

(1.41)
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PLANO SIMETRIA
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Ixx -Ixy -Ixz

-Iyx Iyy -Iyz
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Relações cinemáticas
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MOVIMENTO perturbado
 tuUU  1  tvVV  1  twWW  1

 tpPP  1  tqQQ  1  trRR  1

 t 1
 t 1  t 1

xAfxAxA FF 
1

Tx
x

T
x

T fFF 
1

yAfyAAy FF 
1

Ty
y

TTy fFF 
1

z
AfzAAz FF 

1
Tz

z
TTz fFF 

1

 tAAA lLL 
1

TTT lLL  1

 tAAA mMM 
1

TTT mMM  1

   tAAA nNtN 
1

TTT nNN  1

Substituindo (2.17), (2.16) e (2.15) em (1.70), (1.46), (1.47) e (1.48), 

pag 25, e ainda lembrando que 

0111111 


RQPWVU Pag 41
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Não há velocidade inicial de escorregamento 01 V

Não há ângulo rolamento 01 

0111111 


RQP

xTxA ffmgqWm 











11 cos... 

zTzA ffmgqUwm 











11 sen... 

TA mmqIyy 


.



q

yTyA ffmgpWrUvm 











111 cos.... 

TA llrIxzpIxx 


..

TA mmpIxzrIzz 


..

1sen. 


p

1cos


r

011 V

Sistema de equações diferenciais linear de 9 x 9 

Solução mais fácil e rápida que o não linear.
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