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INTRODUCTION PROBLEM DEFIN ITION FIGURE |: BASELINE GEOMETRIC PARAMETERS

Hat stringers are components used to stiffen and strengthen composite hull panels of high- 20-point Bezier spline

performance racing yachts. Lighter boats travel faster, so minimising the weight of hull structures DESIGN VARIABLES Capping half-wickh = 33 3y, A (B35 Eren (0D 534
i i 1 1 1 mi i . . . . . . . 12.22, 52.11), (14.03, 51.0), (15.73, 49.73
stringer-stiffened hull structures. This may be achieved through modification of stringer cross- details of the structure, as shown in Figure | and Figure 2 T (21.32, 43.36), (22.35, 41.5), (23.22, 39.56),

. . . . . . o ’ : o Web angle = 64 22.47, 41.26), (26.74, 32.5), (31.02, 23.73),
sectional profiles and composite laminate. Genetic algorithms (GA) are often used to optimise L3 o ange E35_39, 14_9;1 Egg_n, ?_qu ]( .

* The main areas for optimisation come through modification of the stringer cross-
sectional profile and laminate design.

composite structures as they are easily applied to problems with incomplete definitions, relaxed
accuracy requirements and large investigation scopes.

Fillet radius = 12

 Optimisation of a hat stringer was carried out using a constant panel span, stiffener Lap length = 35

spacing and panel laminate

Stringer height

In this work, a GA was coupled with an Abaqus/CAE finite element analysis (FEA) to optimise hull
stringers. The complex three-dimensional hull structure has been represented as a simple beam
under uniform pressure and the geometric and laminate parameters of the marine hat stringer +  Constraints - Profiles must be horizontal at the centreline and tangential to the fillet
are optimised to minimise weight and avoid failure. Comparisons are made to a baseline stringer e

design found in existing generations of IMOCA®60 racing yachts.

Bottom width = 85

FIGURE 2: BASELINE LAMINATE PARAMETERS

Capping laminate = 12 layers
Patch = 1 layer, width = 60, length = 250

SOLUTION PROCESS N
M intmise welght’ avoOli d fa| I ure Prospective designs are solved using a linear perturbation static solver and eigenvalue s A biee=2

buckling solver through Abaqus/CAE. Patch = 1 layer, width = 200, length = 300

The model setup is presented in Figure 3 and Figure 4 and is made up of 4 independent

parts.

e  Stringer

* Panel

e«  Bondline FIGURE 3: MODEL ASSEMBLY
*  Buckhead Bulkhead =—

Simulations were carried out using a NESI cluster. Wall clock solution time using a 3 mm
global mesh is 570 seconds using one core and 6000 MB of memory on a Broadwell node
cluster (E5-2695v4, 2.1 GHz, dual-socket |8 cores per socket).

EVALUATION y

The fitness of potential designs is evaluated based on mass, fibre strains, deflections,
laminate failure criteria and buckling eigenvalues. Based on defined limits, each design is
allocated safety factor which is used to determine its overall fitness.

Stringer

PERFORMANCE REQUIREMENTS

\ Bondline

Max Deflection | %

Max Tensile strain 0.92%

Max Compressive strain 0.86% FIGURE 4: MODEL BOUNDARY CONDITIONS
Max Failure criteria 1.0

Max Bondline stress 22.0 MPa

Min Buckling eigenvalue [.15 .
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GA IMPLEMENTATION

The GA used in this work features 3-way tournament selection, uniform and random linear

crossover and random re-assignment mutations (Figure 5). A certain percentage from each SOLUTION PROGRESSION

generation are allowed a chance for breeding selection, while a smaller percentage survives to
the next generation with no gene modification.

Baseline — score =1.918 Generation | — score =1.626 Generation 14 - score =1.817
An adaptive crossover and mutation operator were used to increase the efficiency of the 70 Smeal 70 o —— 70 —
—— Baseline ——— QOptimised 1 — QOptimised 5
optimisation process. The probability of a crossover event is based on the average and maximum 60 60 - —— Baseline 60 —— Baseline
fitness of the entire population and parents.
m 50 A “ 50 - " 50 A
GA OPERATING PARAMETERS 5, N g,
Crossover probability P-, = 1.0, P., = 0.5 3 3 3
| S 30 30 © 30+
Mutation probability Py, = 0.5, Py, = 0.1
| 20 20 20 -
Breeding Top 80% of generation
10 A [ 10 A 10
Survival Top 2 individuals of generation 60 —40 20 0 20 40 60 60 —40 20 0 20 40 60 ~60 —40 20 0 20 40 60
X co-ordinates X co-ordinates X co-ordinates
ADAPTIVE CROSSOVER / MUTATION * Capping — 12 layers, 70 mm * Capping — |4 layers, 72 mm wide * Capping — |3 layers, 60 mm wide
(P, (Fygr — F) , * Cover — 3 layers @ 45,0 layers @ 0", No patching |+ Cover — 2 layers @ 45°,2 layers @ 0°, No patching | * Cover — | layers @ 45°,4 layers @ 0
I —- + Py, F' = Fpyg * Cap patching — | layer (250120 mm) * Cap patching — 4 layers (68x162 mm) * Cap Patching — 4 layers (145x154 mm)
Max 7 . * Cover patching — | layer (300 mm) * Cover patching - None * Cover patching - None
k Pl + Pz, F < FAvg
Generation 75 - score =1.904 Generation 127 |5 - score =1.937 Final solution — score =1.957
where P; and P, are the probabilities for crossover/mutation, Fy,, and Fy,, are the maximum 70 — ontimised 10 70 — optimised 15 70 — T —
and average fitness scores for the generation respectively and F'is the maximum fitness of the 60 - — Baseline 60 - — Baseline 60 - o —— Baseline
two parents.
FIGURE 5: GA SCHEME 507 507 L 507
g 40 - g 40 - g 40 -
e Evaluation Selection Crossover 3 3 3 p
" objective 3-way 9 yniform/random < 307 < 301 5 307
population f . .
unction tournament linear
20 A 20 A 20 A
10 A 10 - 10
—-60 —210 —I20 (IJ 2I0 4I0 60 —-60 —210 —I20 (I) 2I0 4I0 60 —-60 —;lO —I20 (I) 2I0 4I0 60
X co-ordinates X co-ordinates X co-ordinates
_ * Capping — 12 layers, 56 mm wide « Capping — 12 layers, 54 mm wide * Capping — 12 layers, 54 mm wide
Final solution . Replacement umm— re-%mnt * Cover — 3 layers @ 45,0 layers @ 0°  Cover -2 layers @ 45°, | layers @ 0 * Cover—2 layers @ 45", | layers @ 0°
* Cap Patching — 2 layers (187x88 mm) «  Cap Patching — 4 layers (186x86 mm) e Cap Patching — 4 layers (178x76 mm)
* Cover patching - None « Cover patching — None * Cover patching — None
A total of 182 generations were solved USing a POPUIation size of 500 indiViduaIS, taking FIGURE 7: FINAL SOLUTIONTSAI-WU FAILURE CONTOUR CONCLUSIONS
approximately |0 days of wall clock time. Solution convergence is shown in Figure 6. o , , o o
* A 2% reduction in mass was achieved while maintaining similar
TSAIW levels of performance.
FIGURE 6: GA CONVERGENCE
I(Egzgloggo/(or;ax abs) * The optimised solution features a narrower profile and higher
51 - 1.00 peak than the baseline. Stringer height increased by |1% over
' 83% the baseline. This maintains flexural stiffness while using 14%
0.75 less CFRP in the capping laminate.
2.0 1 127 182 0.67 A
) —_— I 828 * The stringer profile features a concave curve and a shallower
1.9 + 75 - 8‘3}% angle at the fillet cove. This provides increased resistance to
S 0.25 buckling and decreases bondline stress by 447% over the
% 1.847 14 86; baseline. This also reduces stress concentrations in the vicinity
0.00 of the fillet cove and web due to abrupt changes in stiffness.
1.7 -
* Patching in the cover laminate is removed entirely. Despite the
L larger surface area of the optimised stringer profile, cover
1.6 - —— Best Solution : : 0
_ _ laminate mass only increases by 0.8%.
—— Baseline Solution
1.5 . ] . . . . ] : * Reduction in fillet cove radius and web angle decreases the
0 2> >0 75 1000 125150 175 mass of the bondline by 46%.
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