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Abstract

Results (stresses, displacements, and equivalent slope
errors) are presented from finite element analyses made to
evaluate a design for a parabolic trough solar concentrator. -
The concentrator consists of a reflector laminate (made of thin
glass bonded to sheet metal backing) which is mechanically
formed and bonded to a stiff parabolic support (made of
aluminum honeycomb bonded to steel skins) with a 2 meter (6.6
foot) aperture. Analyses were first made to determine a length
for the concentrator such that it would meet certain :
performance and survivability criteria under wind and gravity
loadings. These studies were made with a model for the
concentrator only. The concentrator model was then combined
with a model for a support mechanism, and this combined
structure was studied for several wind and gravity loadings. A
design characterized by a six meter (twenty foot) long
concentrator was found to meet performance criteria and had
sufficiently low glass stresse¢ in a 40.23 meter per second
(ninety mile per hour) wind.

* This work was supported by the U. S. Department of Energy
Contract DE-AC094-76DP00789

** A U. S. Department of Energy Facility
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INTRODUCTION

The following report discusses structural studies for a
parabolic trough solar concentrator. The concentrator consists
of a reflector laminate bonded to a stiff support structure.
The reflector laminate consists of thin (on the order of 0.254
mm (0.01 in) to 0.508 mm (0.02 in) silvered glass bonded to a
sheet metal backing. The studies were made to determine a
reflector laminate-support combination which met certain
structural and optical criteria. All of the computer results
presented for the various studies discussed in this report are

from the structural analysis code NASTRAN {1].
CONCENTRATOR DIMENSIONS

The trough under study has a parabolic cross-section with
a ninetv-two degree rim angle and a two meter aperture. The
values for various cross-section parameters are shown in
Figure 1. The length of the concentrator is one of the
dimensions which‘varies in the studies that are presented.
It is desirable to have a lohg concentrator so as to‘minimize
the number of supports and drive mechanisms required for an
entire collector system. The length of a concentrator is
limited by tae fact that one wants to avoid a "thick" support
so as to minimize the weight per unit area and, in some insténces,
simplify fabrication, handling, shipping, and installation.
Laminates for the concentrator are shown in Figure 2. One

laminate has glass which is 0.254 mm (0.01 in) thick, and the
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rim angle = 92°

aperture width = 2 m
focal length = 0.428 m
height = 0.5178 m

0.5178 1/m (from y = ax?)
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Figure 1. Parameters for Cross-Section of Parabolic Reflector



glass

- - adhesive R
i:iiigt:r { T " steel backing
0.254 mm glass (0.010 in.) 0.508 mm glass (0.020 ir.)
0.127 mm adhesive (0.005 in.) 0.127 mm adhesive (0.005 in.)
0.508 mm steel (0.020 in.) 1.016 mm steel (0.040 in.)

[ — —adhesive - 0.254 mm (0.010 in.)

~-—-steel skin

Support structure * aluminum honeycomb

~— steel skin

Figure 2. Reflector Laminates and Support for Parabolic Reflector



other laminate has glass which is 0.508 mm (0.02 in) thick.
The laminate is bonded to the support by a 0.254 mm (0.0l in)
thick layer of adhesive. The support structure consists of an

aluminum honeycomb core bonded to steel skins.
PRELIMINARY STUDIES

There were some preliminary studies done not only to
determine a possible length for the concentrator, but also
the construction of the support structure, i.e., core and
skin thickness. These initial studies were done with a finite
element model of the concentrator consisting solely of plate
elements. This model is shown in Figure 3. The view in
Figure 3 shows the mesh for the concentrator in a flattened
shape. The global coordinate system for the concentrator
is shown in Figure 4. All loading conditions which are -
~discussed for the preliminary studies are symmetri¢ about the
cross-sectional plane cutting the trough midway along its
longitudinal axis. Because of tl.is, only half the concentrator
ic modeled. The trough is simply supported at three points‘that
cannot move vertically (in the +Y direction), but they are
free to move in and out of the X-Y plane.

The first model studied was a three meter long trough.
The support structure consisted of 0.0381 m (1.5 in) thick
aluminum honeycomb covered by 0.3302 mm (0.013 in) thick steel
skins. This support structure combined with a laminate made

of 0.508 mm (0.02 in) glass bonded to a 1.016 mm (0.04 in)
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Figure 4. Global Coordinate System for Mesh Shown in Figure 3
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Table 1.
Deflections for 3.0 Meter Long Reflector: support -~ 0.0381 m honeycomb, 0.3302 mm steel
0.3302 mm steel skins; laminate - 0.508 mm glass, 1.016 steel backing; gravity acting in

-y direction.

Global Coordinates ' Deflections
X -y b4 u, u v
meters meters meters meters metgrs , radigns
-1.0000  0.0349  1.5000 9.9046x10 " ° ~9.1146x167°%  -3.9446x10"3
-0.8611 -0.0989  1.5000 4.9616x10"° -1.4388x10"°  -3.3549x10 >
~0.7116  -0.2207  1.5000 1.6648x10° -1.8532x10"°  -2.0956x10 >
-0.5502 -0.3261  1.5000 1.9015x10"/ -2.0857x10"°  -7.9991x10”>.
-0.3765 ~0.4095  1.5000 -8.5262x10 8 -2.1472x10"° 2.0114x1077
-0.1916 -0.4638  1.5000  -4.3750x10 2 ~2.1186x10"° 2.1660x10"°

0.0 -0.4828 1.5000 0.0 ~3.0951x10"° 0.0



steel backing was subjected to gravity loading (gravity

acting in the =Y direcﬁion in Figure 4). For this particular
construction and loading configuration, the deflections along
the center cross-section were extremely small. The deflections
for the center cross-section are listed in Table 1.

Because of these small deflections, it was decided that
longer concentrator lengths and thinner honeycomb sections
should be considered. Additional studies revealed that
concentrator lengths greater than or equal to 4.875 m (sixteen
ft) and a honeycomb thickness of 0.0254 m (1.0 in) should be
considered in future analyses. ’The analyses leading to these
conclusions were based on the mesh shown in Figure 3. A
number of approximations in the model shown in Figure 3
resulted in a structural representation which was too stiff,
although not by a large amount. This model was sufficiently
accurate for the determination of the construrtion of the
support. It was also good enough to give an estimate for a
reasonable concentrator length corresponding to some given
support cross-section. The model was not good enough, however,
to give an accurate picture of the stresses in the concen-
trator. Because of the shortcomings of the model used for the
preliminary studies, the preliminary studies will not be
discussed in detail’. Instead, a more detailed descriptior
of some subseguent studies will be presented. In these
subsequent studies, the approximations which lead to an

overly stiff structural representation are eliminated. The

13
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studies described in more detail concern the determination of

concentrator length and the behavior of a combined concentrator

and support mechanism.

CONCENTRATOR LENGTH

The study to determine concentrator length is based

on the mesh shown in Figure 3. Rows of elements are added or

. subtracted to the length of the concentrator so that the model

represents a 4.875 m (sixteen ft), 6.0 m (twenty ft), or 7.5 m
(twenty-four ft) long parabolic concentrator; For all three
concentrator lengths considered, the support structure is made
of 0.0254 m (1.0 in) thick aluminum honeycomb with 0.508 mm
(0.02 in) thick steel skins. The plates used in the model are
such that the bending stiffness can be specified independently
of the membrane stiffness. In addition to the plate eléments,f
beam elements are placed along the edges and end of the
concentrator. For the actual concentrator, channels are placed
along the edges of the honeycomb support structure. Beam
elements are included in the model to reflect the effects of the
edge and end channels. Three points, those indicated in Figure
3, are constrained in the vertical direction. The rotational
degrees of freedoﬁ Bx and ey are also constrained at these
three poinﬁs. The pointS‘aré free to move i the % and X
directions and to rotate about the Z-axis.

The support bonded to the thicker laminate is analyzed

for three lengths. The support bonded to the thinner laminate



is analyzed for the 6.0 m concentrator. The properties of

the composite sections cunsisting of support plus concentrator
laminate are given in Appendix A. The cross-section used

to approximate the channels along the edges and ends are

also shown in Appendix A.

Some results obtained from putting gravity loads on the
concentrator will now be discussed. For gravity acting in the
~Y direction, the centerpoint deflections in the vertical
direction for the support bonded to the thicker laminate are
listed in Table 2. A plot of these vertical deflections
(which are the maximum deflections along the vertex) versus
concentrator length on log-log paper shows that deflections
vary as 24, where { is concentrator length (Figure 5). This
is the same behavior that a simply supported beam loaded
under its own weight exhibits.

Plots of stress in the uppér surface of the glass are
shown in Pigures 6 through 13. i'The stresses plotted in all
the figures do not account for any prestressing in the glass.
Stresses arising from prestressing and thermal expansion
need to be added {or subtracted) from the results plotted in
the figures. a stress denoted by 0, is in the direction of
the longitudinal axis of the concentrator. A stress denoted
by o, is in the direction of a tangent o the concentrator
surface that lies in a cross-section plane. The directions

of G, and Oy for a typical quadrilateral element are shown

in Figure 3.

15
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Table 2.
Center Point Deflections for Reflector. Reflector experiences

gravity load only in -y direction. Results are for a support

bonded to the thicker laminate.

Reflector length~meters Uy-meters
4.875 1.1250 x 1074
6.0 ' -2.4469 x 1074
7.5 5.7561 x 10~ %
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.Figure 5.

1.5 2 2.4 3 4 3 L] 7 8 8w 15 2

Reflector length -~ meters

Plot of Centerpoint Deflections Versus Reflector
Length. Reflector experiences gravity only load
in ~y direction. Results are for a support bonded
to the thicker laminate.
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The curves depicting the stresses in the glass are based
on the stresses calculated at the centroids of the plate
elements in the model. Figures 6, 7, and 8 show a plot of

the values of °t calculated at the centroids of elements

along the vertex and elements along the edge. By plotting

values of Op at various cross-sections of the parabolic

concentrator, the values for o, can be extrapolated to the

t

vertex and edge. At the free edge of the parabolic concentrator,

the value of Op is zero. Figure 9 gives the plot of Oy for
two cross-sections - one close to the center cross-section and
the other along a cross-section near the end region. Figures
10, 11, and 12 show a plot of the values of 62 calculated at
the centroids of elements along the vertex and edge. As in
the case with Opr values for - at the edge and vertex can be
obtained by plotting o, at various cross-sections. Figure 13
gives two crdss—section plots of Oge The edge and vertex
values bound the values of 62 between the two cross-sections
shown. The values for Op and Oy in all instances are:iﬁac—
curate near the supported end of the concentrator. The support
points generate stress concentrations in the concentrator, and
the mesh is not accurate enough to model these concentrations
in detail. As a result, some of the elements near the end of
the concentrator have large gradients across them‘and pred?;ﬁ
excessively large stresses.

Stresses in the upper surfaces of the glass for the 6.0 m

long concentrator made up of the support bonded to the



thinner laminate are shown in Figureé 14 throggh 17. These
results are also’for the case of gravityracting in the -Y
direction. The thinner laminate has little effect on the O
stresses, as can be seen by comparing Figures 7 and 14. The

o, stresses near the center cross-section go up by approxi-

'3
mately thirty percent, however, for the case with the thinner
laminate. This is evident when one compares Figures ll and
16. Figures 15 and 17 are cross-section plots.

Stresses in the glass serve as one means of evaluating
the structure. Another means of evaluating the structure is
by calculating equivalent slope errors for various points on
the surface of the trough when it undergoes deflections due to
wind and gravity loads. The equivalent slope error for a

point undergoing deflections Ax and Ay and rotation § in a

cross-sectional plane (Figure 18) is given by
2
A/Rl = [26 + [Ax %y = Ay (f - yl)]/Rll. (1)

In equation 1, X4 and Yy, are the original coordinates of the
point of interest, f is the focal length of the parabola, and

Rl is given by

R, =[x+ (£ - yp A2,

The gquantity Rl is the distance from the focal point to the

point of interest.
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Figure 18.

focal point !

Notation for Equivalent Slope Errors



Tables 3 and 4 show some equivalent slope errors for the
7.5 m long concentrator (made of the support bonded to the
thicker laminate) for two loading conditions. The results

in Table 3 are for the case where the concentrator is tilted

forty~-five degrees from the X-Z plane. The trough is subjected

to combined wind and gravity loads as shown in Figure 19.
The pressure distribution across the aperture of the concen-
trator for a 13.41 mps (thirty mph) wind is also shown in
Figure 19. This distribution varies linearly across the
aperture and produces a moment similar to that which arises
from wind tunnel results for a concentrator tilted at a
similar angle to the wind.

The concentrator must be désigned so that in the 13.41
mps wind, the equivalent slope error A/Rl is less than
6.0 milliradians. The computer‘studies indicate that the
_7.5 m long concentfator can meet this requirement. For the
7.5 m length, however, it appears that the glass stresses
will be excessive in a 40.23 mps (ninety mph) wind. The
6.0 m long concentrator will easily meet the slope error
requirements for a 13.41 mps (thirty mph) wind, and the glasé
stresses in the survival wind conditions (40.23 mps) will be

appreciably lower than those in the 7.5 m concentrator.

Based on these considerations, it is desirable to examine the -

6.0 m long concentrator in greater detail, i.e., with a
refined mesh in the attachment region and a support mechanism

included in the model. The next section discusses a more

33



Table 3.

Slope Errors for 7.5 m Long Reflector Subject to Gravity Load in -y Direction.

reflector is made up of the support bonded to the thicker laminate.

z-meters

Location
x(l)4meters y(z)—meters
0.0 -0.4828 3.75
0.1916 -0.4638 3.75
0.3765 -0.4095 3.75
0.5502 -0.3261 3.75
0.7116 -0.2207 3.75
0.8611 -0.0989 3.75
1.0000 0.0349 3.75
(1) X = X
(2) Yy =Y+ f =1y + 0.4828

Ax-meters

0.0
4.06x10
9.78x10

3.27x10
6.87x10

1.15x10.
1.68x10

-6
-6
-5
=5
-4
-4

Deflections

Ay-meters

-5.76x10
-5.88x10
-6.22x10

-6.71x10
-7.26%x10

-7.82x%x10
-8.35x%x10

-4
~4
~4
-4
-4
~4
-4

2.37x10°
-4
-4

3.16x10
3.63x10

3.85x10
3.93x10

-4
-4

-1.92x10
-2.96x10

-2.96x10
-2.32x10

The

Slope Error/Rl

-4
-4

-4
-4

-1.41x10"4

-4.10x10

-5
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Slope Errors for 7.5 m Long Reflector Subject to Combined Wind and Gravity Loads.

reflector is made up of the support bonded to the thicker laminate.

Location

x(l)—meters y-meters z-meters
0.0 -0.4828 3.75
0.1916 -0.4638 3.75
0.3765 -0.4095 3.75
0.5502 -0.3261 3.75
0.7116 -0.2207 3.75
0.8611 . ~0.0989 3.75
1.000 0.0349 3.75
(1) %y = x

(2) y; = y=+ f =y + 0.4828

Table 4.

Ax~meters

2.44x10
2.77x10
3.81x10
5.53x10

7.80x10

1.05x10

1.35x10

~4
-4
-4
-4
-4
-3
-3

Ay-meters
~6.20x10
~-9.64x10
-1.32x10
-1.68x10
-2.03x10

-2.67x10

Deflections

-4
-4

-3
-3
-3
-3

-3

§-radians

'1.71x10

1.87x10
2.02x10
2.12x10
2.19x10
2,22x10
2.24x10

-3
-3
-3
-3
-3
-3
-3

A/Rl
2.91x10

2.50x10
1.92x10

1.54x1073
-3
3

1.46x10

1.59x10"
-3

1.87x10

Slope error/R

~3
-3

-3

The
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@ Wind
13.41 mps
(30 mph)

gravity

P, = 55.16 Pascals

P2 = 110.32 Pascals

Figure 19. Combined Wind and Gravity Load Configuration Used
on 7.5 m Long Reflector for Slope Error Study



detailed study of a 6.0 m long concentrator.
6.0 m LONG CONCENTRATOR COMBINED WITH SUPPORT MECHANISM

The mesh for the 6.0 m long concentrator is shown in
Pigure 20. The view in Figure 20 shows the mesh for the
concentrator in a flattened shape. None of the support
structure is shown. More data is given for the mesh in?
Appendix B. Appendix B shows the mesh for the support
mechanism combined with the concentrator.

Two loading configurations are presented in detail for
the combination concentrator-support mechanism. For the
first loadiqg configuration, the concentrator is pointing in
the +Y direction and gravity is acting in the -Y direction.
Symmetry conditions are imposed on the support pylon, so that
the pylon appears to have a concentrator mounted on either
side of it. Deformed shapes fdr‘this particular loading are
shown in Figures 21 through 23.

Figures 24 and 25 show plots of stresses in elements
along the vertex and along the edge. The value of 0, near
the center cross-section is larger for the concentrator-support
mechanism combination than for the concentrator by itself.
This is evident when one compares Figure 25 with Figure 11.
The differences in the g, st'esses have to do with the different
support mechanisms in the two models. The support points
for the model shown in Figure 3 have several degreses of

freedom rigidly constrained. For the concentrator-support
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centerline

3.0m

of reflector

Figure 20.

Mesh Used for Reflector in Combined Reflector -
Support Mechanism Studies



Figure 21,

6.0 m Long Reflector with Support Mechanism under
Gravity Load - End View; Symmetry Conditions on
Support Pylon
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Figure 22,

6.0 m Long Reflector with Support Mechanism under
Gravity Load - Side View; Symmetry Conditions on
Support Pylon



L1

Figure 23. 6.0 Long Reflector with Support Mechanism under

Gravity Load - Top View; Symmetry Conditions
on Support Pylon

a1
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mechanism, none of the support points on the concentrator
are rigidly constrained. All degrees of freedom associated
with the atfachment points between the concentrator and
support mechanism have some flexibility. Increasing the
flekibility at the support points on the concentrator
produées greater values for the stress Oge

Plots of stresses in the regions surrounding the attachment
points are shown in Figures 26 through 30. Stress concentrations
occur near the attachment points. Figures 26 through 29 show

plots of 0, with increasing distance from the attachment points.

t
The concentrations decay rather rapidly as one moves away
from the attachment points. The attachment points are located
along a cross-section that is 0.9525 m (3.75 in) from the
end of the concentrator. A plot of Oy at a cross-section
0.127 m (5.0 in) from the end of the concentrator is shown
in Figure 30. The magnitudes;of the concentrations for O
are larger than those for Oy

The first loading condition is also studied for the case
where there are no symmetry conditions on the support pylon.
Symmetry conditions left on the center section of the concen-
trator simulate the case of a single concentrator loaded
symmetrically about its centef cross-section.. The deformed
configurations for this case are shown in Figures 31 through
33. A plot of the o stresses for elements aiong the edge
and vertex are shown in Figure 34. The maximum value for -

o, is slightly larger than the maximum value for oy shown in

L
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bonded to the thicker laminate. Gravity only acts on the
concentrator in the ~Y direction. The cross-section showq
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Figure 27. Op aloné cross—seétipn of 6;0 m long doncentratér with
support mechanism. The concentrator consists of a support
bonded to the thicker laminate. Gravity only acts on the

. concentrator in the -Y direction. The cross-section shown

e, is 0.22225 m (8.75 in) from the end of the concentrator.
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Figure 31. 6.0 m Long Reflector with Support Mechanism under .
Gravity Load - End View; No Symmetry Conditions on
Support Pylon
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Figure»32.

6.0 m Long Reflector with Support Mecharism under
Gravity Load - Side View; No Symmetry Conditions

on Support Pylon
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Figure 33.
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Figure 25, which is for the case with symmetry conditions on
the support pylon. The symmetry conditions on the support
pylon make it stiffer and this leads to the lower stresses
shown in Figure 25.

For the second loading condition, the concentrator is
rotated so that it points in the +X direction. Gravity acts
in the ~Y direction and there are wind loads in the ~X
direction. The wihd loads correspond to a 13.41 mps (thirty
mph) wind in one case and a 40.23 mps(ninety mph) wind in
another case. Symmetry conditions are imposed on the support
pylon.

The_deflections for the case with a 13.41 mps (thirty
mph) wind are shown in Figures 35 through 37. Stress plots
are shown in Figures 38 through 41. As in the previous

studies, the values for o, are larger than those for oy in

t
the region of the attachment points. Figures 38 and 39 show

cross-section plots of o, near the attachment points. The

t
concentration decays rapidly as the distance from the attach-
ment point increases. Figures 40 and 41 show Op at two
cross-sections - one near the attachment area and the other at
the center. Both of these curves show a number of reverses

in curvature along the cross-section. This complex behavior
arises from the interaction of the wihd and gravity loads;-
which are of the same order of magnitude. The gravity load

causes the top of the concentrator to rotate forward. The

wind load opposes this motion somewhat by trying to make



Figure 35.

6.0 m Long Reflector with Support Mechanism under
Combined Wind (13.41 mps) and Gravity Loads -
Side View:; Symmetry Conditions on Support Pylon
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Figure 36.

6.0 m Long Reflector with Support Mechanism under
Combined Wind (13.41 mps) and Gravity Loads -
End View; Symmetry Conditions on Support Pylon



Figure 37,

6.0 m Long Reflector with Support Mechaniam under
Combined Wind (13.41 mps) and Gravity Loads -
Top View; Symmetry Conditions on Support Pylon
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Fiéure 40. Op along cross-section of 6.0 m long concentrator with

support mechanism. The concentrator consists of a

support bonded to the thicker laminate. Gravity and wind
(13.41 mps) loads act on the concentrator. The cross—
section is 0.38809 m (15.28 in) from the end of the

concentrator.
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support mechanism. The concentrator consists of a support

bonded to the thicker laminate. Gravity and wind (13.41 mps)

loads act on the concentrator. The cross-section is near

the center point along the longitudinal axis.
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the concentrator "open up." The interaction of these two
loads is reflected in the complex curves for the stress Tge
The deflections for the case with a 40.23 mps (ninety mph)

wind are shown in Figures 42 through 44. A plot of o, near

t
the attachment points is shown in Figure 45. For this
particular case, the wind loads are beginning to dominate
the gravity loads. With wind acting alone, the plot for Op
would be symmetric about the vertex. Gravity effects introduce
asymmetry into the plot. Figure 46 shows a cross-section plot
for Oy at the center of the concentrator. As in the previous
plot, the dominance of the wind loads shows up by the fact

that the curve is nearly symmetric about the vertex.



Figure 42.

6.0 m Long Reflector with Support Mechanism under
Combined Wind (144 kph) and Gravity Loads - Side
View; Symmetry Conditions on Support Pylon
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Figure 43.

!
{
.

6.0 m Long Reflector with Support Mechanism under
Combined Wind (144 kph) and Gravity Loads ~ End
View; Symmetry Conditions on Support Pylon



|

—q-u--hll-
4.

Figure 44.

6.0 m Long Reflector with Support Mechanism under
Combined Wind (144 kph) and Gravity Loads - Top
View; Symmetry Conditions on StUpport Pylon '
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Figure 45. Op along cross-section of 6.0 m long concentrator with , L
| support mechanism. The concentrator consists of a —4 =2000 ?

support bonded to the thicker laminate. Gravity
and wind (40.23 mps) loads act on the concentrator.
The cross-section is 0.127 m (5.0 in) from the end

of the concentrator.
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CONCLUSIONS

From the studies which have been made, a 6.0 m (twenty
ft.) long parabolic trough solar concentrator appears to be
capable of meeting performance and survivability criteria.

The concentrator consists of a reflector laminate (made of .
0.508 mm (0.02 in.) thick glass and 1.016 mm (0.01 in.) thick
steel backing) bonded to an aluminum honeycomb support (made
of 0.0254 m (1.0 in.) thick honeycomb aluminum core with 0.508
mm (0.02 in.) thick steel skins). A 6.0 m concentrator con-.
sisting of a thinner reflector laminate (made of 0.254 mm
(0.01 in.) thick glass and 0.508 mm (0.02 in.) thick steel
backing) also appears to be able to meet survivability and
performabce criteria. The thinner laminate has thirty per
ceﬁt higher stresses than the thicker laminate.

Computer models which utilize the combined rigidity of
the reflector laminate and aluminum honeycomb support structure
indicate that a 7.5 m (twenty-four ft.) long concentrator made
with the thicker laminate is capable of meeting the restriction
that A/R1 be less than or equal to 6.0 milliradians in a 13.41
mps (thirty mph) wind. The value for A/Rl for the 7.5 m long
concentrator does not exceed 3.0 milliradians in a combined
wind (13.41 mps) and gravity load. This is with the concen-
trator ofiented at a forty-five degree angle to the wind.

The values for A/Rl are, of course, smalizx for the 6.0 m



concentrator for the same loading configuration.

Although the 7.5 m concentrator does meet the per formance

criterion in a 13.41 mps wind, the stresses in the glass become
too large in a 40.23 mps (ninety mph) wind. Hence, the survivabilityi
criterion is not met. The 6.0 m concentrator meets the optical
performance in a 13.41 mps wind, and the glass stresses are within
acceptable limits in a 40.23 mps wind for those cases studied. For
the loadings considered, the largest stresses for a combined wind
and gravity load on a concentrator-support mechanism arise at the é
center of the concentrator and at the points where the concentrator |
attaches to the support mechanism. For the case of a 40.23 mps wind
loading with the concentrator pointing in a horizontal direction and
the wind blowing into the concave side, the maximum tensile stress

in the glass is near the attachment points and has a value of 7.0 MPa
(v1000 psi). If the wind is reversed, the maximum tensile stress in
the glass is near the center and has a value of 7.0 MPa (v1000 psi).
All of the stresses just discussed for the glass are from models which
utilize the combined stiffness of the reflector laminate and aluminum
honeycomb support structure in the concentrator model.

The conclusion that a 6.0 m concentrator would meet performance

and survivability criteria was made on a limited number of loading
conditions. The loading conditions which were studied were assumed
to be some of the more severe. A more complete analysis would examine

other loaling conditions to confirm this assumpt.on.
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Appendix A
For multilayer plates, such as that shown in Figure A.l1l, it
is necessary to calculate parameters defining the bending and membrane
stiffness of the plate. The bending stiffness, denoted by D, for an

n layer plate is given by

p =1}, ([1/3(a] - aj_p) - 1/2(adz, - a2 2] By - VD),

where zn denotes the neutral axis of the section. The neutral axis

for a multilayer-plate is given by

2y = [12 10, (af - af e ]/ By - 8y ]

For a single layer (homogeneous) plate, the above equations give

D = Et3/[12(1-v2)]

and

zn =“t/2,

where t is the thickness of the single layer. The membrane stiffness

is characterized by
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= i -
Ry = 230y [(a; - 2 p)E].
The construction of two reflector laminate-support combinations :

is given in Tables A.1 and A.2 along with values for D and Ky- The

" values for D and KM are used tc define properties for the plate

elements used in the finite element studies.
The channels along the edges and end of the reflector are shown
in Figure A.2. The cross-sectional properties used to‘define the

structural characteristics of the channels are given in Figure A.3.



Table A.l.

Properties for Support Bonded to Thin Laminate

Material

Glass

Adhesive ¢ Reflector laminate

Steel

Adhesive

Steel

4

\

Honeycombg Support

Steel

Material

Steel

Glass

Adhesive

Honeycomb

&)
l

=
|

5.

Thickness m

.000254
.000127
.000508
.000254
.000508
.0254

.000508

Properties of Materials in Layers

E \Y

Elastic Modulus

200.0 GPa 0.30
(29.0 x 10° psi)

68.95 GPa 0.24
(10.0 x 10° psi)

3.4475 Gpa 0.37
(5.0 x 10° psi)

0.2758 GPa 0.48

(4.0 x 10% psi)

Poisson's Ratio

P

Density

7850 kg/m>

0.282 1b/in>

2297 kg/m3
0.083 1lb/in3
1661 kg/m>

0.060 1b/in°>

Composite Properties of Laminate Plate

3725 x 104 pa - m3

= 3.3063 x 10% Pa - m

z = .018230 m
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Table A.2.

Properties of Support Bonded to Thick Laminate

Material Thickness m
Glass ] .000508
Adhesive f Reflector Laminate .000127

Steel .001016
Adhesive .000254

Steel 1 .000508
Honeycombf Support .0254

Steel .000508

Properties of Materials in Layers
Material E v

Steel

Glass

Adhes

Hohey

74

Elastic Modulus

Poisson's Ratio

0.30

0.24

0.37

0.48

p
Density
7850 kg/m>
0.282 1b/in>

2297 kg/m>
5.083 1b/in°
1661 kg/m>

0.060 1b/in>

Composite Properties of Laminate Plates

200.0 GPa

(29.0 x 10° psi)

68.95 GPa

(10.0 x 10°% psi)
ive 3.4475 GPa

(5.0 x 10% psi)
comb 0.2758 GPa

(4.0 x 10% psi)
D= 6.2068 x 104 Pa - m
KM; 4.4975 x 10% pa - m
z = .02072 m

3
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Figure A.l. Notation for Multilayer Plate
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Figure A.2.

edge channel

Edge and End Channels for Concentrator
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Figure A.3. Section Properties for Edge and End Channels for Concentrator.
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Appendix B

The mesh used for the finite element model of the concentrator-
support mechanism combination is shown in Figures B.l through B.3.
The support consists of a pedestal which is topped by a portion
of the drive mechanism. Both of these components of the support
are modeled with beam elements. The drive mechanism is attached
to a plate, which is also attached to two ribs. The plate and
ribs are attached to the concentrator at foui different locations.
The plate is modeled with plate elements and the ribs are modeled
with beam elements,

Aluminum plates {doublers) 0.01524 mm (0.06 in.) thick are
added to the honeycomb support at the attachment points. The
equivﬁlent properties of some of the plates elements in the concen-.
trator are specified so that the bending and membrane stiffness of
the doubler-~honeycomb-laminate combination are correctly modeled.

The elements are indicated in Figure B.4.




Figure B.1l,
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rib

+—pedestal

End View of Concentrator - Support Mechanism Combination.
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Figure B.2.
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Side View of Concentrator - Support Mechanism Combination.
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Figure B.3. Top View of Concentrator - Support Mechanism Combination.
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