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Abstract : In world conventional energy resources goes on rapidly decreases. So it needs to concentrate towards non
conventional or renewable energy resources. Out of the available energy resources, solar energy is one of the most important and
easily available sources of energy. As the technocrat main aim is to develop an economical mode of utilization of solar energy.
Using solar concentrator solar energy for various applications is utilized. Now a day’s different types of concentrator are
designed, one of them is Scheffler solar concentrator. This is one of the popular concentrator in India which are used for direct
and community cooking application. So the aim of project is to analyse the strength and distortion characteristics of 16 m2
Scheffler solar concentrator using FEA. The geometrical modeling of 16 m? Scheffler solar concentrator is done in CATIA
V5R17. The Pre-processing of the model for material Steel and Aluminum and for thickness variants of 2 mm, 1.5 mm and 1 mm
is done with HyperMesh, analysis is done with ANSYS 11.0 and Post-Processing is done with HyperView. Finally the design
improvement study of the Scheffler is successfully performed resulting in the good cost reduction.

l. INTRODUCTION

For the utilization of solar energy many solar systems are designed like solar concentrators, Photovoltaic’s, solar water heaters
etc. Solar concentrators are capable of delivering process temperatures in the range of 80°C to 300°C with reasonable efficiency
and hence can be excellent alternatives to replace fossil fuels in industries for mid temperature applications. Majority of the solar
dish concentrators designs practiced in the world are paraboloidal dishes symmetrical about their axes. Wolfgang Scheffler
launched an idea of oblique paraboloid solar reflectors, now known as Scheffler solar concentrators. Scheffler solar concentrators
are termed as flexible surface concentrators. This is the only known commercially available technology that brings sun inside the
kitchen for cooking. An Australian developer Wolfgang Scheffler is developed fixed focus solar cooker which is very popular
because of comfortable cooking is possible

The paper titled “Finite Element Analysis of 16 m? Scheffler solar concentrator structure for weight of Steel and
Aluminum material” is implementation of the FEA software for the assessment of the strength and distortion characteristics of the
Scheffler Solar concentrator.

Structural Details of 16 m2 Scheffler solar concentrator

The 16 m? Scheffler solar concentrator’s structural details are taken from PRINCE NGO working at Dhule. This type of
concentrator installed from last eight years at MIDC Dhule by PRINCE, which is working in well condition at all environmental
changes in Dhule [33]. This is optimum design according to manufacturer of Scheffler solar concentrator, But there is no any
analysis reported on this concentrator to find strength and distortion characteristics. The details of Scheffler solar concentrator also
taken from www.solare-bruecke.org [02].

The Fig. 1.1 and Fig. 1.3 shows the orthographic view of 16 m? Scheffler solar concentrator Frame in which all
dimensions are given in mm. The elliptical shape of frame is of square and rectangular pipes of different sizes which are welded
each other. That frame provides folding flanges at the middle for folding purpose. In Fig. 1.1 the seven cross bar are shown having
14 members which are denoted by F1 to F14. The details dimensions are shown in Fig. 1.1 - 1.2 and Table 1.1.

The Assembly of Scheffler solar concentrator is clearly understood from Fig. 1.3 Table 1.2. It shows Dish, Rotating Pipe,
Dish holding side bracket, Dish holding central bracket, Rotating arm for dish, Bracket for telescopic pipe lower side, Telescopic
pipe assembly upper side, Telescopic pipe assembly lower side. From this it is clear the constraint for dish i.e. mounting points.
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Fig. 1.2 Orthographic view of 16 m? Scheffler solar concentrator (F.V) (all dimensions in mm) [33]

Table 1.1 Details of cross bar [33]

Length of the
Member Section used section Qty

Sq. Pipe 40 X 40

F1 X2 1240 mm 1
Sq. Pipe 25 X 25

F2 X2 620 mm 2
Sq. Pipe 20 X 20

F3 X2 1660 mm 1

F4 Sq. Bar 12 X 12 825 mm 2
Sq. Pipe 20 X 20

F5 X2 1910 mm 1

F6 Sg. Bar 12 X 12 925 mm 2
Sq. Pipe 20 X 20

F7 X2 1960 mm 1

F8 Sq. Bar 12 X 12 980 mm 2
Sq. Pipe 20 X 20

F9 X2 1900 mm 1

F10 Sq. Bar 12 X 12 940 mm 2
Sq. Pipe 20 X 20

F11 X2 1565 mm 1

F12 Sq. Bar 12 X 12 780 mm 2
Sq. Pipe 20 X 20

F13 X2 1250 mm 1

F14 Sg. Bar 12 X 12 615 mm 2
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Fig. 1.3 Pictorial view of assembly drawing for 16 m2 Scheffler showing different parts

Table 1.2 Part list of assembly drawing for 16 m2 Scheffler as shown in fig. 1.3
Sr.
No. Name of the part Quantity

1 Dish 1

Rotating Pipe
Dish holding side bracket
Dish holding central bracket
Rotating arm for dish

Bracket for telescopic pipe lower side
Telescopic pipe assembly upper side
Telescopic pipe assembly lower side

o|N|o|o|s|w|N
I I LN

1.4 Objective and Methodology
The objective is to analyse the strength and distortion characteristics of 16 m2 Scheffler solar concentrator. Based on this
objective following are the Methodology.
1.  Geometrical Modeling of 16 m? Scheffler solar concentrator in CATIA V5R17.
2. Pre-processing of the model for material Steel and Aluminum and for thickness of 2 mm, 1.5 mm and 1 mm with
HYPERMESH.
3. Analysis of model for strength and distortion characteristics with ANSYS solver and Post processing with HYPERVIEW.
4.  Compare the result for minimum thickness of steel and aluminum with respective weight and cost of the structure.
1.5 Assumptions
The assumption made while doing analysis and loading conditions as
e The wind load acting on dish is consider as static load
e The maximum wind velocity is 36 km/hr[30,31]

Il FE ANALYSIS OF 16M2 SCHEFFLER SOLAR CONCENTRATOR

2.1 Governing Equation
Typically in a structural analysis the kind of equation solved is:

K;ju; = f;
W=t (6h)

Where u is the displacement and f is externally applied forces at the nodal points. The formation of the K matrix is
dependent on the type of problem being attacked, dimensions of the components and material used.
2.2 Geometrical Modeling of the 16 m? Scheffler solar concentrator
A solid model of the 16 m? Scheffler solar concentrator, as shown in Fig. 2.1, was generated using CATIA V5 R17
according to Structural detail as discussed in chapter 1.This modeled dish is exported to IGES format, which is able to retrieve by
HyperMesh for the preprocessing.
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Fig 2.1 A solid model of the 16 m? Scheffler solar concentrator

2.3 Mesh Generation

Finite element mesh was generated using 4 node Quad elements, 3 node Triangular element, Rigid Body element and
Mass Element as shown Table 2.1. First the 16 m? Scheffler solar concentrator solid model is imported from CATIA V5R17

software in HYPERMESH as shown in Fig.2.2. Studying the geometry of component, the setting of quallty parameters is done.
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Flg 2.2 Import solid model of the 16 m? Scheffler solar concentrator in HYPERMESH

Fig. 2.3 shows the front side mesh model of the cooling module.

Fig 2.3 FEA model of 16 m? Scheffler solar concentrator
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Fig 2.4 Mesh model of 16 m? schefflern solar concentrator

Fig. 2.4 shows the zoom view of Scheffler. The meshing is done with 3 & 4 node SHELL181 element. Fig.2.5 shows the
mesh generation in HYPERMESH.
Shell i.e. 2D mesh is used for meshing of the components. Corresponding thickness is assigned to mesh. Total 51010 Nodes
and 51194 elements are used.
Different element types are shown below.
Table 2.1 Elements used for meshing

Element Element type used in Hypermesh
4 node Quad element SHELL 181

3 node Triangular element SHELL 181

Rigid Body element CERIG

Mass Element MASS 21

2.4 Thickness Definition Using Real Constants

The thickness of the shell may be defined at each of its nodes. The thickness is assumed to vary smoothly over the area of
the element. If the element has a constant thickness, only TK (1) needs to be input. If the thickness is not constant, all three
thicknesses must be input.
2.5 Constraint Definition

Scheffler is fixed at mounting points. All these mounting points are fixed in all three (xyz) directions. Center node of
CERIG is fixed in all direction. Fig. 2.5 shows the support or mounting points which are fixed in all xyz direction as shown by red
circles.

Mounting points are fixed in all
xyz directions shown by red
circle.

Fig. 2.5 Supports

2.6 Loading Conditions

Main load acting on the Scheffler is wind load. The FEA of Scheffler solar concentrator is based on Static Analysis. The
wind load acting on Scheffler concentrator is considered as a static load which is uniformly distributed over the surface of the
structure of Scheffler solar concentrator. The wind loads calculation as follows:
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The maximum wind speed is 36 km/hr. and minimum wind speed is 10 km/hr. at this region. Therefore the wind speed is
taken as maximum.

V =36 km/hr = 10 m/s
e The density of air at 20°c is 1.205 kg/m® and At 40°c is 1.125 kg/m® So taking maximum density (p) = 1.205 kg/m3[30]
e The area of Scheffler solar concentrator (A) = 16 m?
e The Static load acting on Scheffler
P=p.AgV
= 16*10*1.205*9.81
=1891.36 N/s
Therefore this static load is uniformly distributed over the total surface of structure. Therefore for analysis purpose the wind
load is rounding off then wind load acting on dish is 2000 N. This wind load of 2000 N acted in negative Z direction on Scheffler
solar dish. Also weight 150kg of mirrors and Aluminum track are applied by changing the density of material. Therefore due to
change in density it increases the total weight of dish by 150 kg. This change in density means to apply the weight of mirror and
aluminum track uniformly on dish.
e The total loading on dish is 2000 N in negative Z direction as shown in fig. 2.6

Fig. 2.6 Loading of the 16 m? Scheffler solar concentrator

2.7 Geometric Data and Material Properties

a. Geometric Data

In this project the material used for 16 m? Scheffler solar dish is Steel and Aluminum. The Total 6 variants of geometry
are analysed and compared for both materials.

Table 2.2 Geometrical data for sub variants

Variant Thickness Variant Thickness
[mm] [mm]

Steel_2 2.0 Aluminum_2 2.0

Steel_1.5 15 Aluminum _1.5 15

Steel 1 1 Aluminum _1 1

b. Material Data

Table 2.3 shows geometrical data of sub variants. Steel and Aluminium with thickness is considered 2 mm, 1.5 mm and
1mm for the purpose of analysis.

Both aluminum and steel provides good strength, economic efficiency. They offer high performance at low costs and low
weight. Aluminum has low weight; excellent durability and corrosion resistance; manufactured with an environment friendly;
process guarantee; a favorable and cost-effective solution. Superior durability and reliability in conjunction with its excellent
specific values for costs, performance and weight warrant a favorable solution. Durability, external and internal corrosion
resistance are emphasized as essential characteristics of the aluminum.
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Table 2.3 Material data isotropic Variant

No Material E n p

" | Name [N/mm?] [kg/mm3]
L | Auminum |70000 030 |2.7E-9
2 Steel 2.1E5 0.30 |7.85E-9

111 RESULTS AND OBSERVATION

3.1 Analysis of 16 m? Scheffler solar concentrator (STEEL)

Total three variants are calculated and results are studied. Fig. 3.1- 3.3 shows analysis of 16 m? Scheffler solar
concentrator of steel having thickness 1 mm.

Fig. 3.4- 3.6 shows analysis of 16 m? Scheffler solar concentrator of steel having thickness 1.5 mm.
Fig. 3.7- 3.9 shows analysis of 16 m? Scheffler solar concentrator of steel having thickness 2 mm.

Fig. 3.2 Maximum stress — 1mm thickness - Steel

Static e

ue = 4.086
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Contour F'Iot_ F:ADinesh Mahaleb\FEALSt T mm.dat
Stress{vonhises, Max) Result : FADinesh Mahale\FEA st Tmm.rst

Analysis system . g
e e Step 1: Substep 1, Time/Freg 1'.:DDDDD?
rarne
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W Mo result

Max = 1.323E+12
Shell 1624

Min = 2,157 E-02
Shell 49382

tatic Max, Value = 132,284

Fig. 3.3 Maximum stress — 1mm thickness - Steel

Cpntour Flat FDinesh Mahale\FEANstTpSmim. dat
Displacement(Mag) Result : F:\Dinesh Mahale\FEANSH pSrmm. rst

Analysis system . ;
S REoEHD Step 1 : Substep 1, Time/Freg 1.000000
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—2.955E-M

—0.000E+00

B Mo result
hax = 2.659E+0
Mode 21128

Min = 0.000E+HI0
MNode 175

Frarme 1

Fig. 3.4 Maximum displacement — 1.5 mm thickness - Steel

Contour F'Iot_ F:ADinesh MahalehFEAYSt pSmim. dat
Stress{voniises, Max) Result : F:\Dinesh Mahale\FEALst pSrm.rst
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Shell 49352 Static Max. Value = 73219

Fig. 3.5 Maximum stress — 1.5 mm thickness - Steel
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Caontour Plot F:ADinesh Mahale\FEAst1 pamm. dat
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Fig. 3.6 Maximum stress — 1.5 mm thickness — Steel
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Fig. 3.7 Maximum displacement — 2 mm thickness - Steel
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Fig. 3.8 Maximum stress — 2 mm thickness - Steel

JETIR2406538 rnal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org



http://www.jetir.org/

© 2024 JETIR June 2024, Volume 11, Issue 6 www.jetir.org (ISSN-2349-5162)

ntour Plot

Fig. 3.9 Maximum stress — 2 mm thickness - Steel

3.2 Analysis of 16 m? Scheffler solar concentrator (ALUMINUM)

Total three variants are calculated and results are studied. Fig. 3.10- 3.12 shows analysis of 16 m? Scheffler solar
concentrator of Aluminum having thickness 1 mm.

Fig. 3.13- 3.15 shows analysis of 16 m? Scheffler solar concentrator of Aluminum having thickness 1.5 mm

Fig. 3.16- 3.18 shows analysis of 16 m? Scheffler solar concentrator of Aluminum having thickness 2 mm.

Fig. 3.11 Maximum Stress — 1mm thickness — Aluminum
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ontour Plot

ntour

Fig. 3.14 Maximum stress — 1.5 mm thickness - Aluminum
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Contour Plat F:ADinesh Mahale\FEAMaIT pSmm. dat
Stress(_vonMises, hlax) Result : F:\Dinesh MahaletFEANal1 pSmm. rst
Analysis system Step 1 : Substep 1, Time/Freq 1.000000

Frare 1

5.695E+01
4.882E+01
4.069E+01
3.255E+01
2 442E+H01

B o result Static Max. Value = 73.219
Max = 7.322E+01

Shell 1624

Min = 2.178E-02

Shell 493582

Fig. 3.15 Maximum stress — 1.5 mm thickness - Aluminum

Contour Plot F:ADinesh Mahale\FEALVal2mm. dat
Displacement(hag) Result : F:\Dinesh Mahale\FEALaIZmm.rst
Analysis system Step 1 : Substep 1, Time/Fre 1.000000
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1.982E+00

W Mo result
Max = 5.545E+00
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Min = 0.000E-+10
MNode 175

Fig. 3.16 Maximum displacement — 2 mm thickness - Aluminum

Contour Plot F:ADinesh Mahale\FEAVaI2Zmm. dat
Stress(_vonMises, EF] Result : F:ADinesh Mahale\FE&La2mm. rst
Analysiz system Step 1 : Substep 1, Time/Freg 1.000000

Frarme 1

3.902E+1
3.345E+01
2.788E+01
2Z231E+H
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B Mo result
Max = 5.017E+H1
Shell 1624

Min = 2.320E-02
Shell 49352

Static Max. Value = 50165

Fig. 3.17 Maximum stress — 2 mm thickness - Aluminum
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IV OBSERVATIONS

Fig. 3.18 Maximum stress — 2 mm thickness — Aluminum

Table 4.1 Stress and displacement Analysis result

Variant St_eel A!uminum

Thickness Displacement Stress Displacement Stress
[mm] [Mpa] [mm] [Mpa]

1.0 mm 4.086 132.284 12.259 132.284

1.5mm 2.659 73.219 7.978 73.219

2.0mm 1.982 50.165 5.946 50.165

Table 4.2 Weights of Scheffler solar concentrator structure

Weight of Scheffler solar concentrator structure (kg)

*(Approximate value)

Variant Thickness For Steel For Aluminum
2.0 mm 57* 20*
1.5mm 52* 18*

1.0 mm 47* 16*

From above results and Table 4.1- 4.2 it has been observed that

All variants show maximum deformation at same location.

All variants show maximum stress at same location.

For both steel and aluminum, maximum stress occurred for thickness of 1.0 mm.

For both steel and aluminum, maximum deformation occurred for thickness of 1.0 mm.

Maximum deformation of the aluminum is higher than steel for corresponding thickness.

Yield strength for steel is approx. 250 to 270MPa. Considering 250MPa and factor of safety 2, allowable stress is
125MPa. This shows that variant with thickness of 1.0 mm shows stress beyond allowable limit. Other variants show
stress within allowable limit.

Ultimate strength for aluminum is 250MPa. Considering factor of safety 2, allowable stress is 125MPa. This shows that
variant with thickness of 1.0 mm shows stress beyond allowable limit. Other variants show stress within allowable limit.

V CONCLUSION AND FUTURE SCOPE

5.1 Concluding Remarks

Total six different geometrical variants are studied for the effect of force load to get the improved geometry. Optimum is
selected on lowest stress basis.

From Table 4.1 it is observed that out of all variants, variant with 1.0 mm thickness is not suitable for our application.
For Steel, variant with 2.0 mm thickness is already in working condition. Variant with thickness 1.5 mm can be used. It
will reduce total weight by approx. 5 to 6 Kg.

For Aluminum, variant with 2.0 mm thickness shows less weight than steel by approx. 37 kg. Variant with thickness 1.5
mm can be used. It will reduce total weight by approx. 39 to 40 Kg.

Approx. Cost of Steel is about 60 — 65 Rs/kg and that of Aluminum is 120 to 140 Rs/kg. Going for Aluminum with 1.5
mm gives huge reduction in the weight of the Scheffler. So overall cost is reducing. But another conclusion is that use of
Aluminum for manufacturing of Scheffler is costly so the steel with 1.5 mm is most preferable.

Design improvement study of the Scheffler is successfully performed resulting in the good cost reduction.
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5.2 Future Scope

More result can be obtained with variable loading and with different Latitude angles. That is the same analysis can be
extended for different location with different wind velocity.

Further, changing of the dimensions can also play significant role in future work. It leads to the change in the number of cross
bar and its geometry.

The analysis can be extended for other size and type of solar concentrator. This dissertation gives input and can acts as
reference for CAD design engineer so as to make the optimized design of Scheffler at the initial stages of the design saving
lot of time and money in prototyping and ultimately project duration.

This analysis is done using ANSY'S Solver however similar result can be obtained using other software.
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