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Design and Performance Verification of Novel Spring in Fairing Structures
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ABSTRACT: In order to meet the lightweight requirements of a fairing separation system, the work aims to design and
develop a novel composite torsion spring with weight decreasing by 50% compared to traditional steel springs. In this
design, the opposite-direction torsion of the inner and outer tubes was utilized to store elastic potential energy, and based
on this, the theoretical relationship between elasticity and stroke, as well as other structural parameters, was analyzed. In
practical applications for the specified model, with a support reaction force of 15 000 N and a stroke of 150 mm, the entire
torsion spring structure was designed and its strength was validated through finite element simulation. The stress borne by
the structure was within the material bearing range, and the design scheme met the use requirements. This design is
suitable for directional separation of rocket and missile fairing, vibration protection of large equipment, and suspension
stability of high-speed vehicles. It provides a new theoretical and practical foundation for the design and manufacture of
high-performance springs.

KEY WORDS: torsion spring; finite element analysis; composite materials; structure design; strength analysis

R LRSS KH I A P B A LA o, AR AN IR BRI o N[ T — s ke
AR TR PR B B 0 RIFAINE, 0% &, BE S W RN &Rty EE, 2011
N RSB O R TR Ry B BRERS ARIET S TR R K 2009 AR S TR KRR

Wi HEA: 2024-12-09
*EEEE



- 250 - f1 %% T 72

2025 4 4 A

R O PR SR S —Tr i, K
R R X 5T T R BURR RS T A B 1T I K R 5
ATE 8 000~15 000 £ Jt/kg, FEIKAEZRH) K Fidk A
K25 B A N 6 400 2ET0/keg?, P, TF & H R ] 45
R Y G o R 7 T = s VA

L S — ey WL LA S LA, Tz
N W L 45 Az Bh DA R dE R T ) R
TR B LR R AR N,
FERGR RS | 22| S A HL R kDS L8 K
ZHAEEH, &EMERES . EHEET, H
FERALZERRE M . B RE S FE O T AT B4R T 25 ]
BN IPUR R Ea 3 Tine SELY/F-Rey VP Sk =L AW LSl oki L]
S, R S BRR BRT E A0,
SO AUV Y — Fh &2 5 b e L o 5 < b e} - 245 g -
RE SRR ik, WITHIE SR T R L 4R
S TR R/ 34.4%; Stephen ZEUBIESY THY . S-BY
BEIREM G B A R RIER S - LR LB A RME A
RGBS g S () e, R A R R A o 5 o
Foaz s T AN s, HOBUE D 75%~80%; Chen 45112
WGE T 3 FhEAG B 22 JBORN 28 284U 45 ka3 5
MR R A W A M R IR i, % Ee ) e
S, BT A AU BB 1 75% . 63%F11 49%;
FPFEUNE R G B R G AL G A S e
AAT A BRI ARG, R IT A it
T M B E AR AT S, LR R, B
A Ak 1 e A HU AL B 4 R R B T R Y B
IRE . bbosi B DA R S AR A e 9 55 Pk, ) Al K
Mg/ TR R, 7E CATAY . RS R E
HAEBERHE . H—Jrm, EHMR0E & H A
i 2 HPFE N T T AR TR B S AR L AR
7 1 1 A TR M i 5 R AT A A — B R
WO, R T2 A . AR AR 2 T A
FER AT — s MERE R R B 1 RS R R
OO — 305

B X 3k S ] ST, AR ST A oK R i e P SR Oy
RGN AR, TS50 1 R B A BR e oM r
B, BT —FOE R S A RHI AT B T T R . X
WA T 2B S EZ MR, RE A
R G5 M AR R AR RS , FRE T A AR R R L
IR T2 5 2tk o LS B oy FH A 70 55 4 i B
b, K BRAT B 3R R DR 50% DL B SO e
W TG A AR 3 (0 B A 25 A AR Bl AT T
TSR BRI PR TR RE 5 A1 X TS ok R O R Y L
R ELR, T TS 80kt tife, JHEad e
TR B XS T TR .

1 HFREEWILIT RIRE
ASCB LA | B, £

BUERPE . AT . BREEA . A, R am AT
i N AME R BT 1) FHL e i A s PR BB e S
B P, S PR BURNA TE T RS RERY
RECHEIE , PARBLN SR TR, %3 18 %2 341
BAE S I B

S BREARENY HE BE B ROEIME R

B AT RS

Fig.1 Structure of torsion spring
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Fig.2 Structure of guide rail and guide rail support arm
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Fig.3 Connection of inner and outer pipes and nut structure
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Fig.4 Structure of torsion spring after compression
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Fig.7 Torque and torsion angle of inner and
outer pipes under allowable stress
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Fig.8 Thrust variation provided during
compression process
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Fig.9 Stress cloud diagram of components under
full compression
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Fig.10 Stress changes of each component
during compression
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Fig.11 Cushioning and damping structure
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