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■ This work is focused on the horizontal plane but the extension

to the longitudinal plane is quite straightforward.

■ System of equations:

– Forces perpendicular to velocity vector, lateral plane

– Moments around imaginary axis, 𝑌, lateral plane

– Forces parallel the total velocity vector

Full Dynamic Model
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■ From this point on - all angles and misalignment elements in discussion 
are in 𝑌 axis

– Except for 𝜃௓బ

Full Dynamic Model
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- Total velocity

- Forces perpendicular to
velocity, on lateral plane

- Moments around 𝑌 axis,
on lateral plane
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■ Small angles

■ Acceleration is constant: 𝑉 = 𝐺௘௙௙𝑡

– 𝑉̇ = 𝐺௘௙௙ - average acceleration

– Attribute all the acceleration to the thrust

■ Lift and dynamic restoring moments are negligible

■ No thrust or structure misalignments

Assumptions 
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Davis L. Jr., Follin J. W., Blitzer L., “EXTERIOR BALLISTICS OF ROCKETS”, 1958
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■ Wavelength and time period: 𝜎 ≜
2𝜋𝑑

−𝐶ெഀ

∗
   ;    𝑡ఙ ≜

2𝜎

𝐺௘௙௙

■ Velocity approximation: 𝑉ఙ = 𝐺௘௙௙𝑡ఙ

↓
■ New unit-free time variable: 𝝃 =

𝒕

𝒕𝝈

■ Downrange distance variable: 𝒔 = 𝝈𝝃𝟐

1  McCoy R. L., "Modern Exterior Ballistics“, 1998
6  Davis L. Jr., Follin J. W., Blitzer L., “EXTERIOR BALLISTICS OF ROCKETS”, 1958
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■ Homogenous model with controller  
𝜉𝛾ᇱ − 𝛼 = 0

𝜃ᇱᇱ + 16𝜋ଶ𝜉ଶ 𝛼 +
𝑤
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■ Where  𝜂 ≜
஼ಾഃ

஼ಾഀ

■ Finally 

■ With  𝝎𝜹=  𝜉 𝜹

Controlled Model 
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■ In state space

Controller Design 
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■ PD controller 

Controller Design 
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■ PID controller 

Controller Design 
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■ A straightforward method for designing the control of accelerating 
rockets has been suggested, relying on an approximate time-
invariant linear system with distance taken as the independent 
variable

■ Simple PD and PID controls have been used for demonstration
■ Transforming the control laws to time domain results in linear 

time-varying feedback control laws 
■ The control laws  were verified against the complete nonlinear 

dynamics of the rocket

Conclusion 

16


