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Abstract Kunpeng-1B sounding rocket was launched successfully by the National Space Science

Center of Chinese Academy of Sciences at Danzhou, Hainan on April 27, 2016. The attitude of the

payload service system fell into nutation mode after being separated from the launching vehicle, which

is beyond the designing limits. In this paper the possible factors triggering the nutation movement

are analyzed, the attitude dynamics equations of the payload service system are set up, and the

nutation movement is reproduced by numerical simulation. By comparing the simulating nutating

results with the real flying nutation, the main elements triggering the nutation are obtained. The

results can provide reference for the follow-up sounding rocket designing.
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(1) �*6-A
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?"!6-A<?�*6-A�A?:Q=@
- α∗ �?A- β∗ 7$ [4], &

Lb1ν =
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cosα∗ cosβ∗ sinα∗ − cosα∗ sinβ∗
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sinβ∗ 0 cosβ∗
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(1)

F 1 ��@�8�G
Fig. 1 Body fixed coordinate of the rocket head
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Lbb1 =

⎡
⎢⎣
1 0 0
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0 − sinφ cosφ

⎤
⎥⎦ . (2)

Æ� φ �>A-.
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A.RB3�

ω̇ = −ω × (J · ω)/J. (3)

&�, ω ��&�2%-"!, J ��&A)77.
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/)-,
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X = −cxqSM,

Y = cy(α
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Z = −cz(β
∗)qSM.

(5)
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XIC88.
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Ṫ
ωz

[Jy − J2
y/Jxω

2
y + (Jz − J2

z /Jx)ω
2
z ]
+

MzR

Jz
.

(9)

M& (9) �.RS,, �/)1:S%WP�&�L
V@�D�@, .>A@;&WP. #/76#P.
EG@H&WP.

4�?H92:2ÆZ

/)�%'�$�% ' 38∼41 s. ( 41 s '�
&2%MYAW�FMM,/)-(2%MYAW�
M Q[TU9. ��&2/)-%#�#5, ?Q
.6��$�$�% ' 38∼41 s.

C4/)#5&2,&VB5G56C/)-%
#,I/76#�MY)1:.���ÆS%�5, U
G2.VBAK&>! .6: N\&/76#X
6Q�/)3).6; O/76#��/)1:N
EM Q�/)3).6. .6PFX6$]W>
B 1.

& 0!-1B �����&2%MYAW��
�$ Y�?4! HZ,.RL�����&*&
)'�&��/)-9�$�K?HS, 1B 2 2
3. =B 2 .RS,, �&�/)-( 2 s =-"%
#� 70◦ R4, .$D)�^$2%.

=>�&(&*&)'*1977@:A,3)
5;$, #.�&="),VCI[\)3, 54�
/76#. (\CD/76#�AKQ, & �02
2X�2%)1+/A.�&�/)-! .6, Æ
9�$�K?1B 3 23.

MB 3 .RS,, H\CD/76#�, /)-
%#OY, )��/)-�K?8Q *, 2R/7

R 1 STUVWX
Table 1 Initial parameters of simulation

��� _

��J
/s 37.5

��PR/km 55

��KR/Ma 7

Y�G 0.2

L�G 0.1

S]�G 0.1

^`��ZQ/m2 0.13

_`�a`[	/m 0.8

b�R\ (Mc)/(kg·m2) 5, 80, 80

c]ab]KR/[(◦)·s−1] 200

���b ��b

F 2 #�-1B 
�]��_NJ
�TS
Fig. 2 Variations of real nutation angle of

Kunpeng-1B with time

F 3 d�^�\T�J
�]��_UNJ
�TS
Fig. 3 Variations of simulated nutation angle when

considering energy dissipation only
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Fig. 4 Variations of simulated nutation angle

considering both energy dissipation

and aerodynamics moment

F 5 
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Fig. 5 Comparison of real and simulated

nutation angle variations
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