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Kunpeng-1B Sounding Rocket Nutation Analysis
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GAO Dong1,2 CUI Feng1 HAN Peng1 LIU Cheng1 BIAN Chunjiang1

1(National Space Science Center, Chinese Academy of Sciences, Beijing 100190)

2(School of Astronomy and Space Science, University of Chinese Academy of Sciences, Beijing 100049)

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]. ��
#��$ %���#��$!"& �����
����. �����!�����"�'��# 
$ ��, �! #��$ 40∼300km "!#!�
��"#��, $�(#�$ ("! 20∼100km) �
��$%��%# [2,3].

�&������&�'%"&, (�'�(
���)%)�*! &), #'��($�(�
��. 2016 * 4 * 27 � 02:00:00LT, ��+++
�)�$++�,(*,/,-% ��$ %&
.���(�'(%����0!-1B. 0!-1B �
$ 38 s '! &*&), $ "!� 55 km, $ "
!� 7Ma. )�*&)', �&/)--"%#,

( 40∼41 s �� 80◦ �1*0, .$+,��($
+���1-,/.

�02.0!-1B ����&*&)'�3)
%#'1, &24�/)-%#�./#5, .�&
�"0!2%)1+! 23,/3-.6�/&$
'����&*&)'�/)3)'1, 47/)3
)%#0'�#5,�'5�����(&�01/
)3)%#�!$+84.
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����&*&)', =>3()357"6,

54�&�?4*. Æ57"6�8.3)50'
/76#, #�&*3@ (19A)77@) �:A
�#B5;$�3),/76#6C:A<1*A)
77@AD, 4�/)-�%#.

����&*&)+,=>(����="7E
� 4 ,*88�=F, �����>,!>G,%
', 4�H�->9;$*, #.=F��*�!�
;$1:, 54�*�2%3);$. ��&*&)
',�&;&;$=F,8>?4*4=3)I%, (
?9*/�""3), >,!>G,%+, ->95
;$*; /.(�&""3)�, ?9*/0' *
�901:, $54�/)-�%#.
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(1) �*6-A
�&�*6-A)�&�*<<, Æ x, y, z @�

1<1B 1 23. B 1 �6-#<��&G,; Oxb

@C�&�*3@1<&"; Oyb @(�&�3.�
8=, ) Ox @&., Æ=��% I%�1<4�
L, /844@$M�&� I, III 1D; Ozb @) Ox

� Oy @7�N�.-6-A,/844@$M�&
� II, IV 1D.

(2) ?�*6-A
�����&?�*6-A Oxb1yb1zb1 �#<

��&G,; Oxb1 C�����&3@, 1<&";

Oyb15(3-�&3@�6&�8=,&.> Oxb1,

<4�L; Ozb1 =ON�>:$P7$. =6-A)
�*6-A�8>�, �&*3@Æ>A3)�, �
*6-A9�&#�>A,#?�*6-A559�
*Æ>A3).

(3) ?"!6-A
�&?"!6-A Oxvyvzv #<(�&G,4,

Oxv )�&"!/<8E; Oyv !>3-�&3@�
6&8=, &.> Oxv @, <4�L; Ozv =ON�
>:$P7$.

?"!6-A<?�*6-A�A?:Q=@
- α∗ �?A- β∗ 7$ [4], &

Lb1ν =

⎡
⎢⎣

cosα∗ cosβ∗ sinα∗ − cosα∗ sinβ∗

− sinα∗ cosβ∗ cosα∗ sinα∗ sinβ∗

sinβ∗ 0 cosβ∗

⎤
⎥⎦ .

(1)

F 1 ��@�8�G
Fig. 1 Body fixed coordinate of the rocket head
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?�*6-A<�*6-A�A?:Q

Lbb1 =

⎡
⎢⎣
1 0 0

0 cosφ sinφ

0 − sinφ cosφ

⎤
⎥⎦ . (2)

Æ� φ �>A-.

3�?HL:2@I

�&M�4*4=3)�,�&�2%)1+/
A.RB3�

ω̇ = −ω × (J · ω)/J. (3)

&�, ω ��&�2%-"!, J ��&A)77.

C�, �&3(;7DE)3�ANF�2GB4
7"6, 54�&�?4*. H�&M�?4*! 
4=3)�,)38.�*�3)54�#$�/7
6#,54Æ4=3)I%�2%)1+/A.B3
�B&/76#5O�J&. CDS@A)77, E
& (3) K�&7J&, /IC0L [5−7] ! M6.

C4' 2 F�$M�6-A, B&/76#�?4
*�&2%)1+/A.B3�
⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

ω̇x =
Jy − Jz

Jx
ωyωz−

Ṫ
J2
yω

2
y + J2

zω
2
z

ωxJx[(JyJx − J2
y )ω

2
y + (JzJx − J2

z )ω
2
z ]
,

ω̇y =
Jz − Jx

Jy
ωzωx+

Ṫ
ωy

[Jy − J2
y/Jx]ω

2
y + (Jz − J2

z /Jx)ω
2
z

ω̇z =
Jx − Jy

Jz
ωxωy+

Ṫ
ωz

[(Jy − J2
y/Jx)ω

2
y + (Jz − J2

z /Jx)ω
2
z ]
.

(4)

(4</A�, Jx, Jy, Jz � ωx, ωy, ωz &>�
�&&7J&�A)77�2%-"!, GDNJ'
#N�4*3)N,'(N�/76#T��901
:, Æ� Ṫ �/76#�"', Ṫ = −λδ2. UG δ �
/)-,

δ = arctan(Jtωt/Jxωx).

Æ�:Jtωt �E<�-)7; λ �/76#5O, �)

$ =4:-"!8F�#GK7, .RHV/76
#�5EA!.

�&(?9*/�$ �, =>/76#, 6C
Æ@-�?A-H5�I,UO/)1�5.�&0
'1: [8], I�/)1:, 41:5WP�&�2%
3). �/)1(?"!6-AQ+>, .B3�

⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

X = −cxqSM,

Y = cy(α
∗)qSM,

Z = −cz(β
∗)qSM.

(5)

&�: cx �P1A?; cy(α
∗)�@1A?; −cz(β

∗)�
?<1A?, JRAKQ cy(α

∗) � cz(β
∗) .R#B

C�@-�?A-�S7J?; q�)>, q = 0.5ρν2,

Æ� ρ �*/L!, ν ��&"!; SM ��&�T
XIC88.

& 6-A?:Q& (1) E�/)1UW��
&?�*6-AQ, .RL�

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

Yb1R = cxqSM sinα∗ cosβ∗+

cα
∗

y α∗qSM cosα∗−

cβ
∗

z β∗qSM sinα∗ sinβ∗,

Zz1R = −(cxqSM sinβ∗ + cβ
∗

z β∗qSM cosβ∗).

(6)

=& (2) EMY)1UW��*6-AQ, &

⎡
⎢⎣
Xb

Yb

Zb

⎤
⎥⎦ =

⎡
⎢⎢⎣

0

Yb1R cosφ+ Zb1R sinφ

−Yb1R sinφ+ Zb1R cosφ

⎤
⎥⎥⎦ . (7)

(�*6-A�, �/)1:�&7J&.B3�
⎡
⎢⎢⎢⎣

MxR

MyR

MzR

⎤
⎥⎥⎥⎦ = (Xz − Yy)

⎡
⎢⎢⎢⎣

0

Zb

Yb

⎤
⎥⎥⎥⎦ . (8)

&�, Xy ��&NOP<�>,�Q), Xz ��&
NOP<�G,�Q).

RK& (4) )& (8) .RL��&(?9*/
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ω̇x =
Jy − Jz

Jx
ωyωz−

Ṫ
J2
yω

2
y + J2

zω
2
z

ωxJx[(JyJxJ2
y )ω

2
y + (JzJxJ2

z )ω
2
z ]
,

ω̇y =
Jz − Jx

Jy
ωzωx+

Ṫ
ωy

[(Jy − J2
y/Jx)ω

2
y + (Jz − J2

z /Jx)ω
2
z ]
+

MyR

Jy
,

ω̇z =
Jx − Jy

Jz
ωxωy+

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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6#OP/V4�/)-%#,C5�6C/)-%
#�S%#5.

0!-1B&*&)�, $ "!� 55 km,�&8
>*/U�, )%W�*/.�&4��901:,

I�/)1:.(ZKCD/76#��/)1:�
AKQ, �&/)-�K?HS1B 4 23.

MB 4 S,, (W��/)1:�AKQ, /)
-( 1 s=%#� 70◦ R4,)��$ I%8X, 5
4.RQ��/)1+�4�/)-%#�S%#
5. B 5 �?Q.6�/)-)��$ /)-�
.V.

=B 5 .RS,, & �02X��&2%3
c.6L��/)-K?)�&��/)-K?V
 dK, YZ�/Ve'0!-1B ����&*&)

F 4 [[�^�\T�\����`Ra�
�]
��_UNJ
�TS

Fig. 4 Variations of simulated nutation angle

considering both energy dissipation

and aerodynamics moment

F 5 
�]��_U���_�TS�

Fig. 5 Comparison of real and simulated

nutation angle variations

'�&�2%3). UBb�02X��&2%)
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#�#5�?9*/J���/)1:. ('5�
(�, �1d4BAK]5%', Æe./U9?9
*/2J���/)1:.C4�/)1:�J�#
5, �,1Q^!WT.

(1) �"&)"!
E&*&)�"!�"f 100km R4. 48�
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(3) �+2%MYAW�MM�$
0!-1B �(3 -A�, &*&)�$�<�
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)', �&Y);$1:eY, /)-( 39.5 s %#
�1*. '5�(�, .RE&*&))2MAW�
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��Zh�����&����$,�"���
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^!WT.
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�&/)-%#�#5,2X��&�2%)1+3
c, /3-.6�/de'�0!-1B &*&)'�
/)-3)AK. 3-.6&2, L�6C/)-%
#�S%#5�?9*/2J���/)1:.�
&�M .

3-.�����&�/)23).6��,Q
�T��&/)3)g"%#�S%5G�?9*



260 Chin. J. Space Sci. ������ 2018, 38(2)

/4���/)1:,#g\*�5;$75GOP
.R6C/)3)%#,C�4%#-A�#GOK
-A,5#Æ�]%M .�4,('5�����(
�, )%$<CD?9*/.�&3)�WP.

\]^_

[1] LI Dayao, LI Linfan. Chinese rocket sounding in the 20th

Century [J]. Aerospace China, 2001, (4): 16-18 (k�h, k
le. 20 [f^��gm\� [J].��h�, 2001, (4): 16-18)

[2] JIANG Xiujie, LIU Bo, YU Shiqiang, et al. Developmen-

t status and trend of sounding rocket [J]. Sci. Technol.

Rev., 2009, 27(23): 101-110 (Æin, o_, j[], `. \�
gm^��jki^_ [J]. ��ab, 2009, 27(23): 101-110)

[3] BIAN Chunjiang, LIU Cheng, GAO Dong, et al. The

payload service system of KUNPENG-1B sounding rock-

et [C]//29th National Symposium on Space Exploration.

Lhasa: Chinese Society of Space Research, 2016 (cdp,
oe, �f, `. “`` 1B” \�gmmkablm [C]//g 29

qc���\h���dj. re:�������j, 2016)
[4] CHEN Shinian. Design of Control System [M]. Beijing:

China Astronautic Publishing, 1996 (i[f. sllmg
� [M]. ��: ��mhjkh, 1996)

[5] XU Rui, CUI Hutao, CUI Pingyuan, et al. The active nu-

tation control of the small lunar explorer [J].High Technol.

Lett., 2001, 11(3): 82-84, 87 (ni, laj, lan, `. op
ok\hlpmqmsl [J].���Æq, 2001, 11(3): 82-84,
87)

[6] LIN H S. Spin-Down and Active Nutation Controller

(SDANC) for the Galileo Project [R]. AIAA80-1734.

NASA, 1980

[7] LIU Ping’an, GAO Ye, WANG Ge. Influential analysis of

the parameter variation of spacecraft system on nutation

process [J]. J. Solid Rocket Technol., 2012, 35(6): 716-721

(oan, br, sk. ltllmompmqqmnr^ru
ov [J]. pwgm��, 2012, 35(6): 716-721)

[8] TANG Xiaoping. Simulation and Analysis on Flight Dy-

namics for the Launch Vehicle’s Ascend Stage [D]. Harbin:

Harbin Engineering University, 2013 (noa. stgmop
sltmt�quiov [D]. rtu: rtusr��, 2013)

cdefghijkl

'uv��xy6�+�*5E> 2018* 5*(��tFvv�. 5i=��xy6�AWu
Nw_q+�wx�,Sw, vw+�wx�"xOr��y�3�++sxG=t. S%izyz:

xy6�Æ ��, 6�)!]y(, xy6�{Dx{90��, xy# )wQ, 0L$!��,

��z?)�u��, xy6�xv��,�wx{��,  |yx��,z"yK6���, PNT|
}z�|/dx|��, z{d0�-??x{{0|. |}O0 (}0) E(Ts|~ (Springer) {
}|}}Lecture Notes in Electronic Engineering~�R�,�, /Y EI ~~. "&|}O0 (}0)

E(}Advances in Space Research~��%B, Y SCI ~~.

5i~~: http://www.beidou.org

5i��: csnclw@beidou.org


