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Analysis of Dynamic Effects and Influencing Factors for
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Abstract: Considering the environmental particularity of the launch at sea, the paper analyzes the
typical wave and wind environment of the launch ship. Aiming at the launch vehicle directly on the
launch pad for land-based launch, the stability of this support form in the sea dynamic environment
is analyzed. and the rocking limit of the launch vehicle is obtained. In order to solve the problem
that the land-based thermal launch support method does not satisfy the three-stage sea launch sta-
bility, a frame stability support measure of carrier rocket is proposed, which ensures the pre-
launch stability of carrier rocket through the flexible support in the frame. In this paper, a launch
system dynamics simulation model composed of rocket, equivalent deck, guide frame, guide rail,
flexible support and launch pad is constructed. Launch dynamics analysis under complex sea condi-
tions is carried out. Through the analysis, the frame-type thermal launch mode is obtained under
typical sea conditions. The influence laws of different factors on flight attitude and safety clearance
of rocket during frame launch can provide technical support for the launch dynamic safety evalua-
tion of sea mobile base for frame thermal launch of carrier rocket, and can be used for the compre-
hensive evaluation of environmental adaptability of sea mobile base for frame thermal launch.

Key words: Launch vehicle; Thermal emission; Moving base; Stability; Launch dynamics

Wi EHE . 2023-12-18; 1&iTHEA . 2024-02-21
TEE® N W (1984—), %, fit, @A TRI, 25 I7m b L8505 5



o4 FLEAEEA

2024 4 3 A

B KA LA R L A RS
LU R SRS, AT LR 2 S I SRR X
6 245 L TE B AT R R R

T [ W b S B H R S e A < e g B0 AfE .
ANEVR R R, R R R A
Pz g A S TR IE KT £ R Ve ST i Oy
o Bl 18 30K 18 80RE T DL S R TR IR 5 SR 1Y
ARAE RO R S S T LA B K

SR HE R B AR L, T b O S S B gl R e
Ph . 32U R T 51 A K A 9 1368 Bl 6
AR 56 I AR S M S K Y B Ty s e B — E B
Mgt SO 1) 32 4K B R O S AR
BB IR T AT 0 M, BT A2 UK B AR Ot g
BRAT I S T X, T Bl i e PR BT R YRR E 1 K
TN BRAEAT o0 M s 2 AR B8 S 1 T KA
PRI 03 A PR B AR R PR A IE . AR T s KR
TEE b Bl 3 PR PR TN A S AR E k. SR T — b
18 2R ME QL S e 3 T 5 AR O as B0OKC I L
KO B YTFE . KO A S R AE S A R R AE
I 22 2 1k LA B T AT 1R A D) 9 3R 2
WHEH T FE o B O RN S i A R e R
e R, T e b 2l 56 8 % 5% 3 1 °% 7%
Mr. & EAF 5T SR = 9 i DU ER BT (9 2 Bl Ah R LA
YA SE SRS TR AW S S LI N UF A ()
KM RGBT ARz e A R I S8

1 HEEIRE ST

1.1 RFIETHSH

SRR LS A, W LR R R R 5%
H SRR SZ A, 38 32 K G ) B 1 L B i
A ERE I & S ARV T iR A8 B mT gy
HFS AR, P aiE . DG MEY .
RGNS dammE s, mE 1 PR,

VYR T 1T 43 kg R DL AN R DU gz 0, D)
W R TR . A 1 0 R S R A s AS B T
VL R 18 22 AN RIS . AN [] 352 i R B ATLAH 37 17 R
DLk B i B, A 2R B (S RO 2
FE T RS b, A RO gtz — f FH U0t TR 18 A 3 o om
VIR T BT AL B I T A AR R R H X N I BE . I AR
JTZ A JONSWAP %7, BB~

. 5 —4 w/wy—12
S(w) =ag’w "exp[—* [ﬂ) })’m [7( P ] (D

4 \w,

I

Ay /&X/
i e
~ X

6 =
e
A
ééﬁw Eﬁ

B1 BLTEEHTRERE
Fig. 1 Offshore platform m

otion

X, o HRERESH, o, NiFgEmE, I
S (o) B e KA B I VR 3% v X 2 B MR (B, o
WETE S H, v ik

DL = Gty 0 oA SR TG DL R S T a7 R 1)
IR B, TF R K S R G Bh L R AT .
X =GOl A RN .25 m, 3% 0 R 8 R
4.0 s, JEWETHRE R T 3.3, K3 S 24 A
ARG AE G IR BT AT I e R B4R M 29k
2.2°%, WRMGIRMEZ N 500 mm,
1.2 X#Ef

AN TR) 1 T 0 359 A Bl AH B ) R T A, X
WRLES . A RUE R AT A R RE
FREMEMEEN R, AT H AT RE SN,
[ A 5 22 2 R B fer 52 ), o0 b LR e AR

DR AT — 38 L S KR R R, HOFREA
X

P =q,CxRup (2)

K, g HEERIE, Cx MERBIRE, Ry IR
HEREG BONRIRFRE.

e MR E AR R

1
qo :?‘O“UZ (3)

K, o WEFERE FTHEEE, o MG,
WA ATEHF RO, ATHE () &
F, =PA 4
Ao A Sk kR KU TE AR,

2 BERHREEST

Mo A2 BE S, K AR E R G B R
i G P A PR R AR . T A KR
WA R, XM EH T AR AREAR. H
g 1 56O 5 A E T SR b BT AT AY o R
R A R, WA R ERA A, AT
S W T LR 218 3, B2 AR E R Y R



5% 2

ARV R PSS IS A S 55

o N HLAE B 3 R BR B R )RR E Mk R AT

ﬁﬁ P HAR AR oK

BRATEE LR . 0, R R AR i oK
E. 0 WRIBAE, o WRIBMAHEE, « HREM
EEE, T AREBEAM, o MWIHAMALM, Lo N
MR R, L R, v h R
B, oa NSRS B, H, kB0 I S A
. R NKF¥E. F, MREM. H, HREM
PR S P = BE . H Ry R B0 B A bR JEL AR i 1
FRES . p o KE SR B R A, m K
W, g NEIMBE,
2.1 FHEREIZZHHED

RAHEE RN TR 2R B AEEE3 1
FetE, MR8 XOF shvl a0 ok ks s, B
SRR RIEE. X FREEhMER T A
A Al EoR

@zawmﬁﬁz+¢j (5)

—0, c0§£47t4—¢j (6)

a:a—miijzgnﬂft+¢j €
XV ghiz s A an T A =] Ko

1;=me(%z+¢j (8)

u:LO%%mf¥z+¢j (9

—L, [%“j 2sin(2%f +goj (10)

FEARFNF- 3 1 iz S A R B AT LUE

D PN E, M. MBRK, AHEE.,
R O, FAMNGEEE | 0 R I ) R K

2) Gk T3 5 5 I RS 1 AR . MR T O
MY () I —EG

3 FERALEE, MR NN 0, M B
JERR, A sy 0;

O TERKRME SRRV —ENHEL T,
PO, MR BB M. s N,
2.2 RBEESXHH

MIBECKE HEE TR A B TTHAMEER
P, R A S I A, AT
A 2 5 2h AR A AR AR [E], 25 )8 &
RS S IE .

2.2.1 fwiE

P A 122 20 B B R AR B I 0 Y AT RE P AR
Ko BEA K5 28 B8 B BURE T 40 B Jr o
153 REE A, R 1 R, TR
[ HEZR O AR 8 B L R AE AT AT AT AR K2
VR DR AE 0 B I ABCE KR TR AT e AR AT AR
R AT RN 5 07 1) AN A2

®1 BEBENEERENE

Tab.1 Overturning moment and stabilizing moment
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Fig. 2 Forces on rocket support surface

x2 BINEEEBEN
Tab. 2 Sliding force and friction
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Tab. 3 Instability boundary of rolling and waying
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Fig. 3 Frame type thermal emission
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Fig. 4 System topology
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Fig. 5 Beam wave excitation
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Tab. 4 Conditions definition
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Fig. 6 Gap change curve during rocket flight
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