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Abstract: As composite launch cylinder have progressed toward larger size, the length and mass of their forming molds
have correspondingly increased, which has significantly raised the design difficulty of the spreader. The load-bearing
capacity of the spreader is critical to the safety of lifting operations and therefore requires rigorous verification. Taking the
spreader design for a launch cylinder mold as the research object, an initial spreader design was carried out based on the
actual lifting process and the influencing factors. A mechanical analysis of the spreader was then conducted, revealing that
the spreader was subjected to axial forces. Consequently, both stiffness and strength, as well as stability, needed to be
considered. A finite element analysis model was established, and systematic calculations of stiffness, strength, and stability
were performed. Comprehensive analysis of the deformation characteristics, stress distribution, and buckling modes
showed that the strength and stability of the spreader did not meet the requirements, while the stiffness was close to the
required value. The simulation results indicated that the longitudinal stiffness of the spreader was relatively low, and the
forces on the lifting lugs were not effectively transmitted to the constraint ends. Based on the stress analysis during the
lifting process, a structural optimization was carried out. After optimization, the maximum deformation of the spreader
was reduced from 26.110 0 mm to 15.830 0 mm, with a decrease of 39.4%, meeting the stiffness requirements. The

maximum stress was reduced from 195.200 MPa to 149.000 MPa, with a decrease of 23.7%, meeting the strength
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requirements. The buckling coefficient was increased from 1.19 to 4.19, with an increase of 252.1%, meeting the stability

requirements. The optimized spreader thus achieved a comprehensive improvement in its load-bearing capacity.
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Fig.1 Antenna cover structure of launch cylinder mold
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Fig.2 Force analysis of launch cylinder mold
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Fig.4 Force analysis of spreader
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Tab.1 Performance indicators of spreader
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Fig.5 Finite element model of spreader
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Tab.2 Performance parameters of Q345B steel material
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Fig.6 Constraints and loading conditions of spreader
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Fig.8 Stress distribution cloud diagram of spreader
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Fig.9 Allowable stress analysis of spreader
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Tab.3 The first three order buckling coefficients of spreader
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Fig.10 Cloud diagram of the second order buckling

deformation of spreader

3 mEHEMRLIEIT

Wit R E AT R, EAEZE S B E
OUF, RAESIMAE ., Fi, 46 R B TE=E, H
FHRE ) KER K, 53] 8 700 mm, K HAE 0] K
JEE b DO R O AN, B 52 B il 1o 24T I, 23 S A A 1) L
o SN, nE L BEGAR MALR I AT BRI R T,
BT N 3B i e, W3R HH I B0 32 D1 R RE A R ik
2 FummiLe

BT EidmEWZ 1041, v LSRRI 5 %
()R 73R DU WS, 38 s B, DL i HL A 25 il
Ao (2) L FREEIMTE, Witk E%E T g,
ISR fa e v Wi HARERE . GOERET
77 B BE AR I OISR AR , (RIE I BRI REA SUAL i &
FL, IBEAR D BARTRRN 1. (4) LB BUSIT AL, D
fLEMEAHEBG T ARHETE, LN T8

Sah, I 2B 143 A 2 E BTN BE AR R T 3
RIS R AE ARG, X1 R ST H . )
50% A4 X 38k (RP 86.250 MPa) ol 45tk B2it . b T iE
Wb 1, Y5 7 s BLAICN  IXUIk B R 4 A = B R R A
S R KA B R 86.250 MPa, MG T G {8 49 437 8 5B
a1 AR IR = T o xRN T I sk, o]
TR D0 N I DS &7 ol A L { N DN o 0= 1 /v i 2 1
Jo e HE

J7J1/MPa
(Ave: 75%)

+195.200
+186.100
+177.000
+167.900

+158.900
+149.800
+140.700
+131.600
+122.600
+113.500
+104.400
+95.330
+80.250
+1.109% 10~

H1l REARR=H
Fig.11 Cloud diagram of low stress area
e 4 AALHTE 1 B RS RTC R E 18 12 A
JE ) B =4,



171 WPLSEH B

kR Plastics Science and Technology NO.08 2026

R4 ACHE o Rty R A AT

Tab.4 Comparison of size and quality of spreader before and after optimization
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Fig.12 3D model of optimized spreader
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Fig.14 Stress cloud diagram of optimized spreader
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