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Introduction

AThesunemits energyat an extremelyhigh
andrelativelyconstantrate.

olf all of this energycould be convertedinto
usableforms on earth, it would be more
than enoughto supplythe g 2 Nleke@wn
demand

AThis demand significantlyencouragedthe
development of solar power generation
technologies




Introduction

Centraltower concentratingsolar power (CSP$ystems




CentralTowerCSFEsystem

AThis emerging technology holds much
promise for countries with plenty of
sunshineandclearskies

Alts electrical output matches well the
shifting dailydemand forelectricity.

A huge obstacle prevents the
expansion of these systems

COST




CentralTowerCSFEsystem

Heliostatscontribute around ©0%ao the
LI | gO&t (& et al., 200y

A Heliostatsare the most crucial cost
element of central tower CSP systems




Heliostat Cost Reduction Opportunities
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Heliostat Cost Reduction Opportunities

A Focusingn largescaleheliostats o
A Heavyweight mirror support structure
(Steel) 2000
(high-torque drive)
%
Lessstructuralweight p
Lesdrive torque |
L m I o 2000 cooomwr::;omﬁn%:ooo 10000 12000
essneliostatcost Drive cost as a function of torque

capacity Kolb et al., 2007)

How can we accomplish this
weight reduction ?7??



SandwichComposites

A Sandwichcompositesare becoming an
essentiapartof U 2 R Imatedials

AThey offer various advantages
Including:

% Lightweight
x Highfatiguestrength
x Corrosiorresistance

% Fasterassembly

Satellites

Aircraft structures




Honeycomb Sandwich Composites

AHighstiffnessto weightratios.

Aformed by adhering two thin-face  admesie

sheetsto a low-density honeycomb
core.

Facing

Honeycomb
core

AThe honeycomb core is capable of
withstanding transverse normal and
shear loads, while the faces handle

both compressiveand tensile loads
dueto bending

Facing

Honeycomb sandwich structur&lpadi et al., 2009)




ResearclQuestion

How can honeycomb sandwich composites be utilized to

develop a robust, lightweight heliostat mirror support

structure that Is capable of withstanding wind loads at
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Fluid-Structure Interaction (FSI)

CFD FEA

Imported pressure
load
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Heliostat StructureModelling

Stage 2: Modelling the Flow of Air around the
Heliostat Structure

Stage 3: Fluid-Structure Interaction
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Heliostat StructureModelling

A Considering a typical heliostat Sandwich composite-based

configuration, the full structure of heliostat
the heliostathavebeenvisualized

Mirror Glass

Aluminum
Honeycomb Core

Aluminum
Sheet

™\

Existing ATS 150 Heliostat (a) Full-scale (b) Sandwich composite structure

(Mancini, 2000; Kolb et al., 2007)
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Stagel: HeliostatStructureModelling

Modelling the Flow of Air around the
Heliostat Structure

Stage 3: Fluid-Structure Interaction

15



Fluid Domain

Solver Settings

> Steady state
> Pressure-based solver

> SST K-y model

Wind (20 m/s)




Stagel: HeliostatStructureModelling

Stage 2: Modelling the Flow of Air around the
Heliostat Structure

Fluid-Structure Interaction

17



Importing Pressure Loadom Fluid
Solverto Mechanical Solver




Honeycomb sandwich composite

m ate rl al p ro p e rtl eS Aluminum honeycon;?oi)oerretzigslcuIated mechanical
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(Nast 1997; Gibson and Ashby 1997) :
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Validation of CFDmodel
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Validation of FEAModel
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Displacement (mm)

‘7 glistribution on the heliostat Heliostatsurfacestructural behaviour
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Wind
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Themaximum allowable |
deflection=+21.3mm.

P s

Simplified interpretation of the wind load displacement require
(Bjorkman, 2014).
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(d=30°)

Back surface

Highly stressed
regions
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