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Lightweight Design of Arc Rib Stiffened Plates
Based on the Smeared Stiffener Method
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Abstract . Stiffened plates are common bearing components in aerospace structure design, which can bring
great economic benefits and reduce the structure weight based on the insurance of the plate performance.
Therefore, the lightweight design of stiffened plate structures is a research focus in the aerospace field. Based
on the concept of synchronous failure, a new type of arc rib stiffened plate was proposed to sufficiently make
use of the axial bearing capacity of ribs. Then, the critical buckling load of the arc rib stiffened plate was accu-
rately predicted based on the smeared stiffener method. The lightweight design of arc rib stiffened plates was
carried out by means of the particle swarm optimization algorithm. The results show that, the arc rib stiffened

plate has excellent bearing capacity, significant lightweight design effects, and promising optimization results.
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Fig. 1 Schematic diagram of the orthogonal grid stiffened plate
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Fig. 2 The traditional grid stiffened plate
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Fig. 4 Schematic diagram of the stiffened plate with convex and concave arc ribs
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Table 1  The validation and design space of parameters of arc rib stiffened cylindrical plates

H /mm t /mm hy /mm hy /mm hy /mm hyp /mm N, N,
lowerbound 1 5 5 20 20 5 3 4
upperbound 4 15 20 80 80 20 10 10

R 2 GRS A

Table 2 Optimization of traditional and arc rib stiffened plates

critical load  structural mass

H /mm t/mm  h,/mm h,/mm h,/mm h,/mm N,
P, /(kN/m) M /kg
initial design 1.10 13.00 24.00 24.00 24.00 24.00 3 3 13.5 7.91
lightweight design
1.00 8.13 25.40 25.40 25.40 25.40 3 4 14.1 6.82
( traditional )
lightweight design
1.00 6.00 5.00 66.14 25.08 13.35 3 4 14.1 5.42
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