
Consideration on the increase of rocket attitude angle 

Yuya Miyamoto (The University of Tokyo) 

Research and development of small launch vehicles, such as SS520 launched from JAXA in 2019, is 

underway. Such a small rocket has the merit that the launch cost is low when trying to launch a 

small satellite on any orbit [1][2]. In such a small-sized cassette, in order to secure the size of the 

part which carries a payload, if the drive part for attitude control is removed, there is a demand of 

flying only by attitude control by a tail wing. In the SS520 rocket, although the attitude of the 

aircraft is controlled with only the tail wing from the first stage ignition, the phenomenon that the 

angle of attack increases while oscillating during the flight of the aircraft was observed. In this 

research, the cause, tendency, and countermeasure are considered about this increase 

phenomenon of angle of attack. 

 

Fig.1 SS520-5 Yaw Direction Angle 

Method 

In the tailed rocket, the aerodynamic force acting on the tail of the rocket is the restoring force, 

and the static stability of the attitude is realized. Therefore, if the aerodynamic force as this 

restoring force becomes small, it is considered that the stability of the posture is lost. 

Therefore, it is hypothesized that the aerodynamic force that is the restoring force of the rocket's 

attitude decreases as the altitude rises, and this may be the cause of this rocket's vibration 

increase phenomenon, and the following approximations will be used for verification. The 

modeling used was reproduced the behavior of the rising rocket, and it was confirmed whether 

the vibration increase occurred. 

・Rocket is a rigid rod 
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・Ideal gas state equation  

                  𝑃 = 𝜌𝑅𝑇                                  (1)  

・Temperature, velocity and path angle are constant  

𝑇 = 𝑇0,   𝑉 = 𝑉0,   𝛾 = 𝛾0 (2)  

Because of the hierarchical structure of air 

𝑝(ℎ + 𝑑ℎ) + 𝜌𝑑ℎ = 𝑝(ℎ) (3)  

 From (1), (2), (3) 

ρ =
𝑝0

𝑅𝑇0
𝑒

−
𝑔

𝑅𝑇0
ℎ

 (4)  

 

If it does not stall at the wing tip, 

𝐶𝐿 = 𝐶𝐿𝛼 × 𝛼 (5)  
 From (3) 

ℎ = ℎ0 + 𝑉0𝑡sin𝛾0 
 

(6)  

Equation of motion representing rotation around the center of gravity of rigid rocket 

𝐼
𝑑2𝛼

𝑑𝑡2
+ 𝑀 = 0 (7)  

Where, 

𝑀 = 𝐿𝑆𝑀 ×
1

2
𝜌𝑉0

2𝑆𝐶𝐿𝛼𝛼  
 

(8)  
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−

𝑔
𝑅𝑇0

𝑉0𝑡sin𝛾0𝛼 = 0 
(9)  
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2𝑆𝐶𝐿𝛼𝐿𝑆𝑀 , constant)   

From (7), (8), (9), there is an analytical answer  

𝛼 = 𝑐1𝐽0 (
2𝑅𝑇0

𝑔𝑉0
√𝑙0 exp (−

𝑔𝑉0

𝑅𝑇0
𝑡sin𝛾0)) + 𝑐2𝑌0 (
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𝑔𝑉0
√𝑙0 exp (−

𝑔𝑉0

𝑅𝑇0
𝑡sin𝛾0)) (10)  

 

𝑐1, 𝑐2 ⋯ constant 

Where，J0(𝑥) and  𝑌0(𝑥) are vessel functions. 
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 (11)  

 

 𝑌0(𝑥) = lim
𝛼→0

 𝐽0(𝑥)cos (𝛼𝜋) − 𝐽0(𝑥)

sin(𝛼𝜋)
    (12)  

Result 

Using the conditions in Table 1 and plotting the analytical solution of (10) with the attitude angle 

and angular velocity at 27 s, the end of combustion of the first stage rocket, as initial conditions, 

the diagram is as shown in the figure below. From the results, it was confirmed that the vibration 

amplitude increased in the model. This indicates that the model can reproduce experimental 

results to some extent, as the decrease in atmospheric density leads to an increase in amplitude 

and the decrease in atmospheric density as the rocket's altitude rises. This indicates that the 

decrease in air density is one of the causes of the increase in rocket amplitude. 

   

             Fig.2: Analytical amplitude increase                      Table.1: Calculation condition 
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