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Analysis on Stress Characteristics of Reusable Launch
Vehicle’s Inner and Outer Structure
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Abstract: The tank of reusable launch vehicle(RLV) is installed inside the body, forming a double layer struc-
ture., The stress characteristics of connection between inner tank and outer vehicle structure is very important
for reducing the structural weight and improving reliability. Three kinds of connection scheme are put forward,
which are statically determinate structure and statically indeterminate structure, The finite element analysis
method is used for the static analysis; and the effect of thickness on force transmission ratio are explored. Re-
sult shows that the statically indeterminate structure joint scheme is more reasonable; it can adjust the axial load

in the inner and outer layer by changing the thickness of structure. In this way, the inner and outer structure can

be fully exploited.
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Fig.1 Diagram of inner and outer structure
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Fig.2 Fixed hinge of thrust pin
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Fig. 3 Movable hinge of connecting rod
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Fig.4 Diagram of the first scheme



%4

BERE BERANINEEW R I R bkt 471

B 77 5 — X R i B T AL R 3L
e AR RN B KRR L MG IR
BGOSR RB R SIS B2, RARZ A
SRR, N EBMLERE. BTEAER
B 3R A Fe gt R KR 9 R B AT BT, A
A BRI RS HLHE S A5, IR A R S5 H i 5
AEFEF A

BETRGAMARESH, = MERE T
FIL TG B )G B P BRI AT B, 3 8 05 S Bl N
TGS B TG S Bk (I R R, R — B
W 5 B

n
i bEgE R

1T

S A '
BT —| | s

7l 2 B

B5 HR-AEE

Fig.5 Diagram of the second scheme
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Fig. 6 Diagram of the third scheme
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Fig. 7 Finite element model of simplify

double layer structure
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Fig. 8 Adding the displacement constraint
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Fig. 10 Simplify double layer structure’s

force transmission
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Table 1 Result one simplify double layer structure’s force analysis

EERE R 1 R 2 EHEER/t
MEBA/N  SE#MA/N  AHA/N WEMA/N  AE#H/N  SEA/N

FE— 24 525.52 58 014. 64 83 540. 16 8175.16 39 445, 41 47 620,57 3 013

B — %% (30%) (70%) ’ a7%» (83%) ) )
FE— 91 824. 82 —9 284. 66 83 540. 16 75 474. 48 —27 853.90 47 620. 58 3 013

g—g—@ 1% % ’ (73%) Q7% ) )
FER= 48 263.11 34 277.05 83 540. 16 31 912.75 15 707. 82 47 620,57 3 033

B —%— & (58%) “42%) ’ 67%) (33%) ) )
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Table 2 Result two simplify double layer structure’s force analysis

R Rl R 2
HE# /N S EHI/N A /N AR /N S EH /N A /N
F— 31 617.72 49 863. 32 81 481, 04 10 539. 22 33 903. 69 44 442, 01
BE—g—& 39%) 61%) ) (245 76 %) )
FR— 89 460. 75 —7979.72 81 481, 03 68 382. 25 —23 939.07 44 443, 18
g 92%) &%) ’ (7450 26%) )
FR= 52 004.17 29 476. 87 81 481, 04 30 925. 66 13 517.52 44 443, 18
B — g — B (64%) (36%) ) (709 (30%) )
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Table 3 Result three simplify double layer structure’s force analysis

] 1 T
EERE
AR /N S EHI/N A /N AR /N S EH /N A /N
F— 36 961. 96 43 721. 02 12 320. 63 29 728. 34
BE—g—& (46%) (G4Y%) 80 682. 98 (299 71%) 42 048.97
FR— 87 679. 35 —6 996. 37 63 038. 02 —20 989. 05
80 682. 98 42 048. 97
g—%—H@ 93%) (7% (75%) (25%)
FR= 54 982,71 25 700. 26 30 341. 38 11 707. 58
80 682. 97 42 048. 96
B — & — & (68%) 32% 72%) (28%)
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Table 4 The third scheme force transmission

ratio of inner and outer structure

] 1 I 2

HEER gmE
B /mm MBS SEMS ABRMS B B/t
B4R BAK/Y% BS4K BAak/%
A 4 0 .
B 4 58% 42 67% 33 2.873
M6
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(+50%) . 36 o 30 3.491
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