G I T B A Vol.7 No.6
2023 4F 11 H Astronautical Systems Engineering Technology Nov. 2023

Rt ERZMNHABRENREEMANFRESITELT X

\v g
>
(1. REHMTRZET BRSO ITERESTLRE, KIE 1160245
2. AR FMALK TR, LA 100076)

B OE, B EXTEEAFINAREIFREENEI P HFHREERRFA, FRTH
HRBEDNFHATERR., BRI T HHBEMNE, FarAhhah, T TALHEY
GEMBERE AN R ENLERLEEMNR DAL, EREAW, KA BEMERES
RT, MR ELERT, tmPash hFHE, MXTRERA K £ & LN KIE
HEREMDH RS RERET AE &L,

KBEWR: Za kRN BAGHEEN; RBE; S HFHN

FESES: V4i2l. 1 XEkARER: A XEHS: 2096-4080 (2023) 06-0036-06

Dynamic-Static Coupling Method for Multiple
Parallel Frame of Rockets

LI Bin', LIU Hui*, ZENG Yaoxiang®’, CUI Miao', LYU Jun'

(1. State Key Laboratory of Structural Analysis for Industrial Equipment,
Dalian University of Technology, Dalian 116024, China;

2. Beijing Institute of Astronautical Systems Engineering. Beijing 100076, China)

Abstract: Focusing the mechanical environment adaptability on the thrust transmission structure
of the manned launch vehicle, the calculation method of dynamic-static coupling is studied. Based
on the theoretical analysis of the dynamic-static coupling mechanism, the modal frequencies with
and without static loads and the random vibration responses of key parts of thrust transmission
structure are calculated. The results show that the stiffness of the rocket thrust transfer structure
changes under the action of large thrust, which in turn affects the dynamic characteristics. The re-
sults provide a reference for the joint dynamic and static experiments of the multiple parallel frame
of rockets.

Key words: Multiple rocket engines; Thrust transmission structure; Dynamic-static coupling; Dynamic re-

sponse

0 3| RHEEAR . HRTX T ORHME T 2 6 IF BT A sh bl
e s, e A MBI, — B K

RAET K B HLZ B BRBEAR A K T 2 AL S WAL J1 S5 44 19 5 7 0 B A0 Bl g S R R 7 T

M M SRR E M A B G A TR PR, EA— 28 TR A SR Faleon 9 F 7 KC#i Y
JELe AL B I O T RBE HACH AT ORI, RS E A Y TR R A5 )

il

WK BER: 2023-08-02; EITHH: 2023-10-31

BEEWHE: BEHABFES (12272083)

EE B 2 (1998, B, Wi+, FBHFG I m R AT =i Rk,
BREEEEN: BE (1983, B, Wi, ., ZENIRIT RN TS W5,



% 6

K i 22 6 K S HLIF IR ) 1 32 254 3 w8 A 5 31 5 O Tk 37

S DA 1 AR R By g 2 R AT T B S A AT
Scik [5] MR8 T 750 kN #E Ty K #i & 2 LAY A
FIBhASZE R WL R, 73 BT T i 25 8T X 13 ) 2 A A
45 R IR B R R . 3 R T O g kR R BF
G2 2 BORBEE X T AL B LR JRBR KT, Sk L6
AL T RN WM K CH A Sl HL G B BL Bl g s R
A RO BB AS R IF S X . S5 R Y
B RAF . SCER 7] B Xk R 0 WA KR A s BL A,
LARS W= B2 RUGS rEZ e Tl AL o LT B S S Rl e P
FHE . BT R S LS Bl b i ) o R B AL
LAY AR LMW A5 3h 1 22 e M J7 vk . SCER (8] SR
THEH LI LR BRI AL I I A K
RSB B 1 AW B AT T HE S, A e A — Lk
A NS I E AR X R A K
SHPLASH AT T 0T 58, bk X SE B 5T i 2 LA el
ST REEVE A 2 F g bR, SCHk [12-13] I
MGIELBE By B Gt AR B B A R e IR PR A
G T KA T7 K CH 4540 B 01 2 o3 B i 2% i [
B, Z G RPIFEE KR AR R, T L
WA Ew S D Mah s R 234, B
SR g b 22 X 25 R B B g S R R AR R
Wi, A& EEZEBIRME YL G LKL T
VETR er S 7 o 30 350 08 IO 1 [ AL, Rt 220l i 3l
M 005 BT 07 16 5 S E5 M B i o R, o —
A AR S 22 a5 IR B BT AU

ARSCIF I KT 7 65 I HR K B HLHE J1 14 1 45 44 3
RS TR A TS . E W 5 AR R e ) AR
TRJU AR Lk R k2 8 il & S BLE T 7 A
F1% LIS 3 65 AL A 5 Ay A5 A B 5 IR . T R ) B Y
Sl b PR AR S B A 2 A Kol se T O T Rl AL IR
WA JE XS R BEAT T 0. M KEZ A
KB HLIF R A ) A% 18 25 Ky S ik A e A —
EE PSS

1 ZhEBESWAIE

1.1 JLfTiEE& Rl E R

Z 6 RS HLIF I KR I HE T 15 32 45 Al 2 — T
BT RRRLIE AR A I 5 K 7T 7 R S5 A I % 0 A
B B A S L SO v R BB AR 1 T A Y T
RS LA E B & . e R S HL T ARRS
B AR HE 7 3800 75 5 AT AR S5 A0 A AR AR R AR TR
PR WA AW BE o 3 30 ) 2 ek R R AR A

ARL Atk ) b B A S A R AR Lk . LT AR

LNERARSAR LA 3 28, Ho JLfa AR 4tk — B
TG RRE 5 Z A 228K, b 0 AE 7%
TG HARAS T HOBT £ L W IR A P A 5 R, R ORIE
TFa) L1 9 0 1 o PG AR T 2 5 A 1 MO RE o S I
o AL LA AR R 25 18 F HLAS 2R 45 H 1Y
AEL k3l Ty 247 D9 o JUAT AR 2 W BE ) 2 0
3 ARGy . BI/NOLAS LRI BE S 582 W1
T4 R L AT PO S8 R R4 ) 8 D R B, X L DL A A
I FF B0 N B, RS AT AR 2 A A
LT

RBEHLABARFT RES K B £, B i
E, HMm s BT R RN ¢ = {uis s
PR TR R I i N s D SR R A ok O K
¥ w MIBEIEFLRS v B BAT AR L, R L™ A2
F Al 1] AR &, R A

du 1 (dv)?
*EJF?(EJ (D

ﬁm,m@mm%vﬁim%mméc§)ﬁ#
MR, R I RT A AR . 7 5 h A
%@ﬁ%ﬁﬁﬁN;ﬂ—i,M:§,ﬁﬁ%5x

!
RENER AR, B

d={u,v}=[N.I,NI]q (2)
X, IS SRR A, X HE
B LA S
a2 LA (D H, e
g, =L,q Jr%q'l'L’f‘qu €))

w2 R oA g, X (3) o, L, =

':*ia Ov ia Oj|$ L1 - |:O9 *i9 Oa i]o
A l L /A
FEASIE S5 W06 ff 0 ARXT 8/, R AT RoR

%('Uj _U,') (4)

AR 5 P 22 BE A r B, K A S BAARK
(3) . ATRARS BN LR W B K . JLART I
JBEHE K, A5 8% W BE A ¥ K 05

0 =L,q=

1 0 —1 0
EAl O 0 0 0
K, =" D)
L 1—1 0 1 o0
0O 0 0 0
0O 0 0 0
FI|O 1 0 —1
K, =— (6)
Lo o 0 o0
0o —1 0 1



38 FLBAEEA

2023 4 11 A

0 0 —0 —0
K,‘zEZ—A P ; )
—0 —0* 60 0
Korf, F O HLBR AR AR K& & S WL T AR B BT 32 1 il
DA
WRAER (5) ~30 (7)., AT LUHE S iR 7 A
L PE SN R IT NI EE B K o
K=K, +K, +K, =
1 9 —1 —0
EAl 0 00 —0 —0*

0O 0 0 0
EF|O 1 0 —1
— (8
Lo 0o 0 0

0o —1 0 1

Zib, WA E IR RS W R, )
LRIy W A AR AT M R e, FE RIS EHES T
A 2 P I EE R i B X
1.2 BWAhEHHER

SERR G T Y — R R R e T T R
T B 1 R ek o A, R BB S P W R R B,
DAL BE B T H SR S5 M B2, 4R 5 43 B BE AL 4R 31 19
Uk, JPA RS, RGN RS R ETE
Ao, Bk, fEARRICIHHE B, U AE &tk
YER 3BT R0 16 S5 1 S B dk R T RS e vp, 2
BT RRAEAE AR — A e . R X
IS H N BEVLIR S TR T AR AT

AR b3 IR 22 W EE B AR B 4549 3 ) % A
myRzh Iy fidr, Alfs

Mx +Cx +Kx =0 €D
A, M g5 BT A5 M, C i 450 1Y B JE R
Me, Ko NS5 NIEE AR FE . x S S5 B A0 88 51

M (9) AR TN I3 408N B 45 00 FRAE (R

o
(Kr —o"M)® =0 (10
K, @ HFRER B, o S5 A %,

WOLRE S B x 43 A A2 S 43, 43 il

hox, Mx, . G5Hsh5%E s )y Bl o fg ot

{q}_ |:Mff Mfr:| {3&f}+
of M, M, ||z

Cr Cpnl(xs Ky Ky | (x;
|:Crf C} x}+ ':Krf K}{x} a
X, g R g m i,
SRRy A AL RS ) i x o A ok O UL 2 FS A
MBI, Bl x, =x, +x,, x, ATHF RS
x,=—K;K;,x. & Ax, (12)

Mx,+Cpx, +Kyxg=
q— (M A+M,x,} 13)
) PR 8 T 12 A R T 1
yi+t28wy foly =
G.(i=1,2,,n) (QEY)
A, i WEEEREL SSRENMEA L, o ME I
B BEJE LR ZE K [ AT R AR ARy ) SRR
G, = I'lx, WS M, Kb, I''= — M,
A+M O g} AIRBELE N T
FREPE b3k BAE . B S oR i A AR A A
HE A B #8510 B 9l R 7 R R T A A

2 HF#BEMEITE

2.1 ZEXRBUHBKARFHENEZESEN

KT BRI, HeA T nE 1
P . e 175 08 Rapl—Z I B/ ILAE—
ERR R A P BRI, W 1 (b B
N B RSPl 1 A/ LRI ) AR RDE
B b, MRA/NILAE H 1 AME SR 6 R e
A, ERNIE S Lwm i A R IE . S
SR B . SRR )2 B AT RE L

Z B RN A RO R &S h, %5
JEZ R 2R 0 s 3 RO () A, ARG L o 9 B A
BELSFR e 78 B on a5 Al B sCE AT i 85 A
BE S5 R FL AN/ LA IR A2 3R R SR SLOT R, it

(a) 7 ERHMHAFH K



%6 M

KWF 2 6 K S HLIF IR ) 1% 125 2548 3 i 3 31 51 07 Tk 39

(b) ENEBEMEBUEREANATRX
B1 78FBAESEREMEANAFTXTEE

Fig. 1 The seven parallel rockets layout and

force transmission method
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Tab. 1 Material property parameters
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Tab. 2 The frequency of thrust transmission

structure in two cases
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Fig. 2 The static boundary conditions of rocket

thrust transmission structure
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Fig. 3 The modal of thrust transmission structure
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Tab.3 The PSD in axial direction of random vibration
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Fig. 4 The RMS stress results of key components in rocket

thrust transmission structure
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