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Summary 

This "Wind Load Analysis" report is being submitted to give the basis 
for the wind loads and a summary of the effects of the resultant loads. 

Our heliostat design is based .on wind loading data taken from ''Wind 
Forces. on Structures," ASCE Paper No. 3269, Transactions, ASCE, Volume 126, 
PT2, 1961. The wind loads.on the heliostat structure were derived using the 
.force .coefficients data in Figure 5 of ASCE Paper No. 3269. The aspect ratio 
of the baseline heliostat is 1. The solidarity ratio is 0.875. in deriving 
wind loads; we have assumed a solidarity ratio of 1, and therefore based the 
loads on· the total enclosed area rather than the.actual mirror area. 

A computer model with 61 grid points and 85 members was used to predict 
the structural deformations of all the heliostat structural components from 
the pedestal/foundation interface to the mirror reflective surfaces. The 
mirror surface rotations are tabulated. The results indicate the cprrent 
structural configuration will meet requirements of 1.62 mrad standard deviation 
for structural deflections of the heliostat subject to 27 mph wind and gravity. 
These values will be optimized with adjustments that compensate for gravity. 

Stress analyses are in process on·all· tbe.heliostat structural components and 
mechanisms. These are based on the maximum loads (90·mph winds at 10° angle 
of attack and 50 mph winds with the heliostat in any orientation). The 
initial calculations on the bar joists and gear drive mechanism components 
show acceptable safety factors. 

l. 
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Wind. Load Analysis 

The wind loads and center of pressure on the heliostat are takeTh fro~ 
"Wind Forces on Structure' II ASCE Paper No. 3269' Transactions' ASCE, v·ol. .126' 
PT2, 1961. 

The wind load distribution on the heliostat is assumed to be uniform. 
across the width but vary along the height as.indicated in Fig. 2 and.Table I. 

The wind reduction factor vs elevation is deri~ed from equation 1,· 

i.n which 

(
H )0.15 v -v --H - Ref HRef 

_______________1 

VH = Wind velocity at H feet elevation. 
VR~f ~ Wind velocity at 30 feet elevation. 
H = Elevation in feet. 
HRef = 30 feet of elevation. 

The wind reduction factor curve is plotted on Fig. 3. It is then applied 
t6 the wind load distribution on Fig. 2 and Table I. The resulting wind load 

_distributions are shown in Table II. They are in terms of a normal load plus 
two moments for each mirror module for each loading case with 27 mph wind. 

Computer Model 

The heliostat in Fig. 1 is idealized into a stru(;!tural model-as in Fig. 4. 
The geometry of the structural model on Table III reflects the current configuration. 

The NASTRAN computer program is used to calculate the deflections and 
rotations of the mirror modules. The heliostat is rotated in 10° increments for 
10 positions. Three different wind directions are used for each position. 
Three·deflections and three rotations are calculated for each mirror module. 
However, -as' far as point accuracy is concerned, the three deflections and the X 

. rotation are not of any importance. Only .the y and z rotations are listed in 
Table IV. ·The resultant rotations are computed by taking the root sum squares 
of the two rotations. The average rotation of the twelve mirrors are calculated 
for each case. The rotations are due to. gravity plus 27 mph wind • 

. Co111paring the deflection values with the 1.62. mrad standard deviation for 
the helios.tat structural deformations, the current structunil c·onfiguration 
.is.satisfactory td meet the specification requirements. Total ~tructural 
deflections will be much better than what is shown in this analysis because the 
analysis·does not account for mirror module interalignment and the final field 
pointing adjustment which will eliminate part of the deadwe~ght deflection. 
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Heliostat 
Attitude 

00 

too 

20° 

30°. 

40° 

50° 

60° 

70° 

80° 

90° 

Table I - Wind toad Distribution on Heliostat 
(27'mph wind), 

Distributed Load 
Wind w along Heliostat Length 1 

Direction (lbs/in) (in) 

1 4.099 33.1 
2 3.848 0 
3 4.099 33.1 
1 4.295 56.2 
2 4.099 33.1 
3 3.848 0 
1 4.519 80.3 
2 4~295. 56.2 
3 4.099 33.1 
1 4.598 80.3 
2 4.519 80.3 
3 4.295 56.2 
1 4. 727 92~8 
2 4.598 80.3 
3 4.519 80.3 
1 4.672 119.3 
2 4.727 92.8 
3 4.598 . .80.3 
1 5.068 229.0 
2 4~672 119.3 
3 4. 727 '92.8 
1 4.829 72.9 
2 5.068 229.0 
3 4.672 119i!3 
1 0 0 
2 4.829 72.9 
3 5.068 229.0 
1 -4.829 72.9 
2 0 0 
3 4.829 72.9 
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Wind Reduct.ion Factor vs Elevation 
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Notes: 

1. R'eflective Assembly pivots about Grid Point 29 •.. 
. 2. Model is looking at the back of the Reflective Ass·embly_. 

Fig. 4 - Computer Model 
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Table II - Wind Loads on Mirror Module Due to 27 MPH Wind 

Applicab~e to: 1. llelios tat Attitude d.. oo' , Wind Direction I 
2. Helios tat Attitude of.. = IOQ Wind Direction 2 , 
3. Heliostat Attitude d.. .2. 00 , Wind Dir.ect·ion 3 
4. He1iostat Attitude 

I 

J... = Wind Direction 

Mirror Location Normal Load Moment, My Moment, Mz 
(Grid Point) P (1bs) (in-1bs) (ln-1bs) 

2 - 3/.3 -.2 30.5 - !C(o. f:j 

7· -se.s - .3 7. Cf ~3·5,.'/ 

10 - ~G,. 'I -Zf .. ~. -So~. 4 

17 ~ 7 3, 'i -24-.1 -sroo.~ 

20 - 7'1-4- -, 3. r -414.3 

23 - ~2-4- 27.7 -Sol., 

37 - 31.3 .,.. 2 30. s ltjo.<f 

42 - sH.S - 37.? 35~. ~ 

45 - ~~. <j - Zi-'/ so8.4 

52 - ]3.9 - 24 .I ··5foo.CJ 

55 - 7 Cf. 4- - /3. Cf 4i4.. 3 

60 -12-4 2]. 7 soz., 
.. 
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. Table II - Wind Loads on Mirror Module Due to 27 MPH Wind 

Applicable to: 1. Heliostat Attitude d.. = 00 , Wind Direction Z 
2. lleliostat Attitude ol.. = I 0° , Wind Direction 3 
3. Heliostat Attitude d.. Wind Direction 
4. Heliostat Attitude J.. = Wind Direction· 

Mirror Location Normal Load Moment, My Moment, Mz 
(Grid POint) p (ibs) (in-lbs) (in-lbs) 

2 - 4o. I - ~4. 3 - 244.C, 

7· - .54.S - 3~. R - 332.5 

10 -· ,z.a - 27.0. - 4.77-~ 

17 
- "'· 3 

-23.4- ·-szro.7 

20 -74.5 -I 2. 3 ....:454.5 

23 -77.3 2. 7. I -471.5 

37 - 40./ - 84.3 24-4-., 

42 -54.5 -.3'/.8 332.5 

45 - ~z. ~ - 27.0 4-71.3 

- '1.3 - 2 3. 4. 
·,• .. 

s·z~.7 52 .. 

55 - 71/..5 -12.3 454-.S 

60 -77.3 Z ]. I 4 71 . .5 

I' -9-



Table II - Wind Loads on Mirror Module Due to 27 MPH Wind 

Applicable to: 1. Heliostat Attitude d.. = 00 Wind Direction 3 ' 2. Heliostat Attitude c<. = Wind Direct ion 
3. Heliostat Attitude d... = Wind Direction 
4. Heliostat Attitude .J... = Wind Direct ion 

Mirror Location Normal Load Moment, My Moment, Mz 
(Grid Point) P (lbs) (in-lbs) (in-lbs) 

2 -30.7 - 2.2,. 0 - 1 e 7. 3 

7· -sa.o -4().'/ -353.~ 

10 - ~~. Cf -28 .. '/ -Soi.4. 

17 -73.i -Z4-.I -s,().CJ 
-.. 

20 - 71.4- - I~.CJ - 4 84. .3 

23 - i2.4- 2 7. 7 ·.,.. 5()2.~ 

37 - 30.7 - 22~. 0 1 a 7.3 

42 - sa.o - 4-o.Cf 3S 3. f 
45 - ~'· 9 - 21-~ 5o/, 4-

- 73.'~ 
.. ,5,(),1 52 - 24-.1 

55 - 71~4 - /3.1 414.3 

60 -j2.t/. 2.7. 7 SoZ.C:, 

-10-



Table II - Wind Loads on Mirror Module Due to 27 MPH Wi.tid 

Applicable to: 1. lleliostat Attitude cl... = /00 Wind Direction I , 
2. Heliostat Attitude ol.. = 20°, Wind Direction 2 
3. Heliostat Attitude cl... = .300, Wind Direction 3 
4. Heliostat Attitude J.. = Wind Direction 

Mirror Location Normal Load · Moment, My Moment, Mz 
(Grid Point) p (lbs) (in-lbs) (in-lbs) 

2 - 22 .. 2 -1,4 . .3 ~I.E s. ·4- -

7· -~o.'/ - ,g_s -~]I. s 
10 -7().5 -24,.'/ - S3S. 8 

17 - 7~. r. - z 3. 2. . -584-.4-

20 -32.7 - lg.o - .s 0 4- . .S . 

23 - 8S.g 33.~ -52 3 .. 4-

37 -22.2 - ,,4.3 /3S. 4-

42 _,o.Cf ~ ,I,.S . .371·.5 

45 -7o.S - Z4.~ S3S.j 
.. 

. S!4.4-52 -7,.9 -23.l 

55 - lt-7 ·-li,o .s 0 4-.5 

60 - es. i 33.C, Sz.3.4-
! '· 

·. 
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. ·Table II - Wind Loads on Mirror Module Due to 27 MPH W.ind 

0 

I Applicable to: 1. Heliostat Attitude ck = 20 , Wind Direction 
2. Heliostat Attitude ol.. = 30°, Wind Direction Z 
3. Heliostat Attitude d.. = 4-0° '·.Wind Direction 3 
4. Heliostat Attitude J.. ' 

Wind Direct ion . 

Mirror Location Normal Load Moment:, My Moment, Mz 
(Grid Po~nt) p (lbs) (in-lbs) (in-lbs) 

2 

- '"·' - /25. I -/03."/ 

7· - s~. Cf -1.54-.1 -34/,0 

10 - 7 4-.7 -:- zz.G, -5{;7,7 

17 -8o.'l -24.2 -C,t4.g 

20 - ~c,.s - 1r,o ~ .s 2 7. 7 ~ 

23 - 2 9._3 34- I -54.4-.7 

37 -lG,.9 - I z S; I I o 3. I 

42 - ss. 'I - 154-.Cf . 341. 0 

45 - 74.7 -. 2Z. ~ S,7. 7 

- Ko.9 - z 4. z. .. 
~ 14.8 52 

55 -I,,S -IS o . \ 52 7. 7 
~ . 

60 -81.3 3 4-. I S44.J 
.. 
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Table II - Wind Loads on Mirror Module Due to 27 MPH Wind 

Applicable to: 1. Heliostat Attitude d.. = 30° Wind Direction .I . ' 
2. Heliostat Attitude cl.. = 4-0o, Wind Direction 2. . 
3. Heliostat Attitude d.. = 50°' Wind Direction 3 .. 
4. Heliostat Attitude J... = Wind Direction 

Mirror Location Normal Load Moment, My Moment; Mz 
(Grid Point) P (lbs) (in-lbs) (in-lbs) 

2 - I 7~ K -/31-7 - I oj.' 

7· -.s3,o - IS7.8 - 3s 3. K 

10 ·- 7,.~ - zo.s -sez.z 
17 - ~ z. 5 -25.5 -(oz?.o 

20 - i 7. 7 -'f.~ -S3S.o 

23 - 8 'f. e 34-,7 - 54-.7. ~ 

37 -I 7-f - I 31.7 /Oi.C,. 

42 - .5 ~- 0 - IS].~ 353.8 
I 

45 -7,,, - 2o.S s·iz. z 
.... -

52 - ez.s -2s.s ·· 'Z].o 

55 -27.7 - Cf.C:, ..535.0 

60 -3Cf.2 34.7 54-7.8 
' . 

·. 
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.. 

·-

Table li - Wind Loada on. Mirror Module Due to 27 MPH Wind 

Applicable to: 

Mirror Location 
.(Grid Po~nt) 

2 

7· 

10 

17 

20 

23 .. 

37 

42 

45 

52 

55 

60 .. 

1. HeliOstat Attitude rJ.. = 40°, Wind Dire·cuon I 
2 .i Heliostat Attitude oi.. = 50°, Wind Direct ion 2 
3. Heliostat Attitude d... = '0°, Wind Direction 3 
4. Heliostat Attitude J.. = , Wind Direction 

Normal Load Moment, ·My. Moment, Mz 
p (lbs) (in-lbs) (in-lbs) 

! 

..:..'"·' - I Z 2 .• i -/0/.3 

-54-.Z - ;-s~. e - 3:30.~ 

-79.0 -18.7 - ~<'().~' 

-jl/..1 -zo.1 . - '31. 2 

-J~. 9 .- I~- I - 542.3 

~ fo. i 3·7. 7 ~$.53.1 

-IC,.fo -/2.Z~i I o I. 3 

-54.? -JSC,.8 3 3 0. G, 

- 7 Cf. 0 - 1 e. 7 ,()(),4-

- 8 i/.. I - Zo. 7 
.. 

. Ct~1.Z 

~ jf.CJ -I Z. I .S4-Z . .3 

-·r~.i ~ 7. 7 SS3.1 

: -! ;·. ·~ . ~ 
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Table II - Wind Loads on Mirror Module Due to 27 MPH Wind 

Applicable to: 

Mirror Location 
(Grid POint) 

2 

7· 

10 

17 

20 

23 

37 

42 

45 

52 

55 

60 

1. lleliostat Attitude d.. = .sao Wind Direction I . , 
2. HeliOstat Attitude ol.. = ~0°, Wind Direct ion 2. 
3. Heliostat Attitude d.. = 70°, Wind Direct.ion 3 . 
4. Heliostat Attitude .;.., = , Wind DirectiQn 

Normal Load Me>ment, My Moment, Mz 
p (lbs) 

-/3 ... 3 

- 4-'Z:·~ 

- 7~.3 

- ~ 3.1 

- i~.~ . .. ... 

-!?.to 

-13.3 

.-4z.c, 
- ]3 .. 3 

- /3. I 

-
-

,,_3 
.. 

87-~ 
I , 

-15-
i 

·. 

(in-lbs) (in-lbs) 

-~i.4- - ~ /. I 

-118.1 -l.Stj.Cf 

-<:JC,.t. - SS 7.- I 

- 12.~ . _,3/.., 
-.. 

- e.i -sz,.4. 

37.7 -534.4-

- '11.4- 8 /. I 

- II 8. I Z5lf.&f 

- 1~.1 .SS7.1 

12.4 
.. 

. ~.3/~~ -
- 8.8 5 2,.4-

3. 7. 7 s j 4. 4-



Table II - Wind Loads on Mirror Module Due to 27 MPH Wind 

Applicable to: 1. lleliostat Attitude "" = 0o.,, Wind Direction I . 
2. Heliostat Attitude ol.. = 70D > Wind Direction z . 
3. Heliostat Attitude d.. = 80°' Wind Direction 3 
4. Heliostat Attitude J.. Wind Direct ion 

Mirror Location Normal toad Moment, My Moment,. Mz · 
(Grid Point) p (lbs) (in-lbs) (iri-lbs) 

I 

2 - 7- ~ -57.7 - 47-~ 

7· - 2 4-.7 - c, 7- z -/SO. 7 

10 -42..7 -]o.4. - 324~5 
.. 

17 - c, r. 8 -]Z. f . -4C,tt. 7 

20 - 81.5 - 7Z- .3 -4CJ 7. z 
23 -9 2. I 4- f. 4 -SC,I.i 

... ,, 

37 -·7.8 -57-7 4 1-fo 

42 - 24..7 - 'J.l /$0-7 
'. 

45 -4.Z.7 -7o.4 3~4-.S 
........... ~ ................ -.-- .. 

- ]2,3 
. . 

4-C,Cf.7 52 ·-C:>/.1 

.ss - et. s -72~3 4Cf7 .. Z 

60 ..:. 92. I 41-4 S~l. i 
. 1 . 

·' 
. ~ 
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Table II - Wind Loads on Mirror Module Due to 27 MPH Wind 
'\ 

Applicable d.. 70 D 

Direction I • to: 1. Heliostat Attitude = ' 
Wind 

2. Heliostat Attitude d.. = foo, Wind Direction 2. 
3. Heliostat Attitude d... = ioo' Wind Direction 3 . 
4. Heliostat Attitude J... = Wind Direct ion 

Mirror Location Normal Load Moment, My Moment, Mz 
(Grid Point) p (lbs) (in-lbs) (in-lbs) 

. 
2 0 0 0 

7· 0 .o 9 

10 - /.S -za.ro. -11~4-·. 

17 ·""7 3Cf. I -Zoi.Z . - 2 9 7. z 
... 

20 ,- 71 i 4. 7,.c, - 43S. 5 

23 -25. f t'fo.'f -Is 7· 4 

37 0 0 0 

42 0 0 0 

45 -I. 5 - z J. c, /I.~ 

-3 Cf. { 
.. 
~ '17, z 52 . -ZD/.2 

55 -]1.4- 7,,c, 4 :3 S'. 5' 

60 - zs.e . I . . 
1Cfo,Cf IS]. 4 
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Table II - Wind Loads on Mirror Module Due to 27 MPH Wind 

Applicable to: 1. Heliostat Attitude cl,. = ~00, Wind Direction I 
2. Heliostat Attitude ~ , Wi"nd Direction 
3. Heliostat Attitude d... = ; Wind Direction 
4. Heliostat Attitude J... = , Wind Direction 

Mirror Location Normal Load Moment,. My Moment, Mz 
· (Grid Point) · P (lbs) (in-lbs) (in-lbs) 

.2 0 0 D· 

7· Q 0 0 

10 /. s z e.G,. lL4 

17 3 e. 7 l.fji,3 214-. I 

20 ?o . .3 -77.' 4 2 i. i 

23 2S. 2 - 18,.S /53.7 . . 
I 
' . 

-
37 0 o. 0 

42 0 0 0 

45 I. 5 z a.~ ..:...11.4-

52 .3 a. 1 1Cfl.3 ·~zr4.t 
I 

I I . .ss 7D.3 -71-~ -(tz. i. ~ 

60 zs. 2. -II,,S :_/5?>.1 
I 

-18,-
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Table III - Grid Point Geometry 

Grid Point X (in) y (in) z (in) 

1 -6.58 108.30 -113.25 
2 13.80 72.15 -113.25 
3 -6.58 36.00 -129.49 
4 -6.58 36.00 -97.01 
5 -6.58 36.00 -84.19 
6 -6.58 36.00 -51.71 
7 i3.80 72.15 -67.95 
8 -6.58 108.30 -67.95. 
9 ':"6.58 108.30 -22.65 

10 13.80 75.15 . -22.65 
11 -6.58 36.00 -38.89 
12 -6.58 36.00 -6.41 
13 . -6.58 36.00 6.41 
14 -6.58 36.00 12.52 
15 -6.58 108.30 12.64 
16 -6.58 108.30 . 22.65 
17 13.80 . 75.15 22.65 
18 -6.58 36.00 38.89 
19 -6.58 36.00 SL7i 
20 13.80 72.15 67.95 
21 -6.58 "108.30 67.95 
22 -6.58 108.30 113.25 
23 13.80 72.p 113.25 
24 -6.58 36~00 84.19 
25 -6.58 36.00 97.01 
26 -6.58 36.00 129.49 
27 -6.58 .· 8. 7~ 12.64 
28 .o 8.75 0 
29 0 0 0 
30 . 0 -6.90 0 
31 0 0 ..;.6.88 
32 0 -12.38 0 
33 -6.58 . -i2.38 12.64 
34 0 0 ~16.30 

. 35 0 0 -147.00 
36 -6.58 -1()8.30 -113.25 
37 13 .so . -72.15 ;..113.25 
38. -6.58 -36.00 -129.49 
39 -6.58 -36.00 -.97.01 
40 -6.58 -36.00 .-84.19 
41 -6.58 -36.00 . -51.71 
42 u.~w . -72.15 -67.95 
43 · -6 .sa _.108.30 -67.95 
44 -6.,8 -108.30 -22.65 
45 13.80 -75.15 -22.65 
46 -6.58 -36.00 -38.89 
47 ' -6.58 -36 .oo. -6.61 ·! 

48 -6.58 -36.00 6.61 
49 -6.58 -36.00 12.64 

-19-
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Table III - :Grid Point Geometr;x: - Cont'd 
.. · 

Grid Point X (in) y (in) z (in) 

50 -6.58 -108.30 12.64 
51 -6.58 -108 .• 30 22.65 
52 13.80 -75.15 22.65 
53 -6.58 -36.,00 38.89 
54 -6.58 . -36.00 51.71 . 

' 55 13.80 -72.15 67.95 I 

I 56 -6.58 -108.30 67.95 
I 
I 57 . -6.58 -36.00 84.19 
I 

58 -6.58 -36.00 97.01 I 
I 59 . -6.58 -108.30 .113.25 
I 60 13.80 -72.15 113.25 

I 61 -6.58 -36 .oo 129.49 

I 

... ' 

-20-
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Table IV - Mirror Module Rotations Due to 27 MPH Wind and Gravity Loads 

Wind 

j -- 00 Heliostat Attitude ~ 

Mirror Location 
Direction (Grid Point) ey (Mrad) 

2 .-.54-2~ 
7 -.584'1 

lO - •_1_0~0 
17 -.9o4-C:, 
20 - • 9_~_7 I 

1 23 __ ,,.~,.3 
37 - . .ss"' 
42 - ~ S 7Z4- . 
45 - • r;. '1.3 I 
52 -. 8qz7 . 
55 - • _q_.s 4-_1_ 
60 - • f/JS1 I 

-
2 •. 31!2~ 

7 - •. 4-32.2 
10 -. S,$7 
17 -.?]Z4 
20 -.82.1.3 

2 23 \ - . ez._73 
37 - . 374-~ 
42 - • 4.Zt1.3 
45 - • .S.S73 
52 - • 7C,SZ. 
55 - • 8171 
60 -.81CJ8 

2 '- .ssot 
7 - • S'f__2 3 

10 -. 11ZS 
17 - . ~~,~ 
20 - . ( 72~ 

3 23 - • t 74-f4 
37 - . 537.3 
42 - · S79.S 
45 . - • ~9__'13 
52 I - • 8CJ77 
55 -.(/Sf/~ 
60 . -. t:j'Z:.I · 

-21-

9z (mrad) Resultant 
0 (mrad) 

-.ozar:, • 54-34. 
. I I o.,3 · S~SZ .. 
• 212 a -7374-
• 2.57~ . '14-o' 
. zan /. oo'jfo 
-335'2 /. oZSfo 
·"~S2. ' . S38~ 

-. o4-4o . S14-l 
- • 14]0 . 7085 
-. I'JZO • '11.3/ 
--2241 • lf 8o1 
-. z~18 . 9Cf4-4-

-
- . o 2. ]S: . 3k3l0 

• I o 'f&f . 4.4~o 
.zoJS . 0 0. z C:. 
·244.3 . 8t·o I 
• z ~ 7.3 -~C.'/4 
• .30 41_ • 'i8 /(, ' 

. oi<J 2. · 3Hs I 
-.o4-8fo· -4-Z71 .. 

~-14-,b . 51,3 
- • I 8.3 7_ . 78C.q 
-.zo'-7 . 84-55 
-. Z443 -KSS4-

--
.o~oCf . 55/0 

· Jo8~ ·'-o:ZZ 
. 211]_ .. . 74-33 
• 2S 71 . Cf4-55 

• Z9oo /.0/4-1 
. 33C.4. 1. o3/o 

.ofj_J' • 54-C,/ 
-. 04Z. z. ~ 5810 
-. 14-Sf . 714.3 
-. 1'/IS .Cf1.1'1 
"" • z 244- • Cj 85 'i 
-. Z]o'j • ·t:tCf&fS 



.. 

Table IV·- Mirror Module Rotations Due to 27 MPH Wind and Gravity Loads 

Heliostat Attitude c/.... = /0° 

Wind Mirror Location 
ey (Mrad) 9z (mrad) Resuitant 

Direction (Grid Point) g (mrad) 

2 -. 5533 • 14-S" .512.1 
7 ..,.. • (e,o3G, .2.774- ·'C:.43 

1() - • JS4 i .37o'f .84o4-
17 - /. Cll 7l:J ·4-"'' 1. o~ijsC{ 
20 - /. IZSI -4-27~ /.1.0!3" 

1 23 - /. 13~8 -~588 /.22.87 
37 - . 537, -. o ~I o ·S4-Z3 
42 . - · S97t:f -. ZoJZ ·'Z2.o 
45 - ._1_.3_73 -. Zfll' - 1'fS4-
52 -/.0030 -. 332._] ./.05'1 . 
55 - /.lo9K - • ..3543 /.''So 
60 .- /. IZ4.4- -.,jH.SI /.1881 

-. '· 

2 - . 43"2. • /_~ZI -4,53 
7 - . 4-liS .zas' • SC.t.o 

10 -. C:,'4; 71 . 3 713 ·74-t.f 
17 -.1113 -3&J8o 1. ot>o4-
20 -/.020/ • 410~ I. 0 '1'1.~ 

2 23 - /.0333 . 4-33~ /./l,O~ 
37 -.4Z4Z - .tJ9t>9 .szo4. 
42 - . 41's -.215.3 .szz'l 
45 -. "i4.S - . .30/2 . 7oZ4 
52 .(/CI'7 -. ~2_1_2 . "'43 
55 - 1. oots -.34-o9 I. o b4-C:, 
60 -I. DZ 1_2_ -. 3~40 J. o34.1 

··•4 

2 ' - . z 7,4- . ''~z • 3Z I o 
7 - . 33'-o .Z85b . 4-410 

10 -. so7o • :3 '"0 ~ ~Z53' 
17 -. 7I.Srt . 314t ~ Biso 
20 ·- • 8itJS • 3I.I:J .q,z3 

3 23 -. llJif- • 4.o3J . q 78S 
37 . - . z. '"0 -. oj_'fJ_ • z. 1.571 
42 -.3Z.i1 -.ZI_t:t_i . 3~ 54-
45 . -. 4-990 -. 3oo f . s~ Z.7 
52 I-. 17lJL -. 31 '' 

.84-zs· 
55 ·--.873~ .., . az~s . '/3!t. 
60 . -. 814-7 . .., · .33 I.S .q4-7z. 

' 
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Table IV - Mirror Module Roeations Due to 27 MPH Wind and Gravity Loads 

Heliostat Attitude d.. = 2 0 
0 

Wind Mirror Location 
9.y (Mrad) Sz (mrad) 

Resultant 
9. (mrad) Direction (Grid Point) 

2 -. 51~2. . 32Zo 
7 - • ~_3D_7_ • 44 2.3 • 77 o3 

10 
17 -I.IZ9S . ssoz 
20 -J.~8zs J. 4oo I 

1 23 -I. 3/04- . ..5~82 I. 43 Z3 
37 -. 5537. -.zs'J8 .(,o34. 
42 -·""2 · 7o qt, 
45 -. 44.33 
52 - /. i (oij J.i.oG,o 
55 -. 4-_1_/0 
60 -. 497 8 

t------+---~2---.,,--_-.·-.4-:r.4.:r-:-, fD~~--.~_.3::-:_~=-~__~r.-. 'f' -t-~ ·• sssd. 
7 -. Soo~' . 4SII' . '73q 

17 - l.o17C, -5421 I.IS33 

. 2 23 ~ I . I tf 11 . S S i]_ I , S IS 2. 
37 -. 4Z.b4- -. 2S8S .4-'/8?; 

52 -I • ·oo.3.!' . -. 4-~S_l . I. I ot. 2 

60 -/./7C,2 -. 4-J_.S/ 1.2.~'11 

20 -t.ofDo(t, -SZ14- 1.1145 
3 23 ..... /. o9S7 -52'-5 I. Zo'' 

42 -.3]4.3 -.38Sl.. . .5311 
45 -. S'fDS -. 452.4. - 7 Z So 
52 I - • f:/0 13 - . 4-, I z. I • 0 i 7 g 
55 - /.o~~ 5 -. 4S4..o I. I 4-·35 
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Table IV - Mirror Module Rotations Due to 27 MPH Wind and Gravity Loads 

Hcliostat Attitude d.. ::; 30° 

Wind Mirror Location 
Sy (Mrad) 8 2 (mrad) Resultant 

8 (mrad) Direction (Grid Point) 

2 -.dS43 .. (pi 77 
7 

10 . -.7z[ps · "7 7S 
17 -/.1157 
20 /.4.731 

1 23 - /. 3500 
37 -.4-354 -. 4.3o S .. ~ lZ3 
42 -.SOD2. • 7Z'/3 
45 
52 l. ZS II 
55 -I.Z.'/13 /.4,q1 
60 -/.3314- . /. 4. sz .r 

2 -.4-S'f4 -508/' 
7 -.$z3'J -8()3/ 

10 . "~'' 17 -/.1153 . (,18? 1.30.5~ 
20 - I. 3o8S 

2 23 - /. 3414. 
37 -.t/..t/.0/ 
42 -.So4-7 -. 5Z4o • 7Z7S 
45 -.Si71 -92.11 
52 -I.O&'J1J /. z.422. 
55 .:_. 5_17 I 1.4.1~'1 

60 -.5795 

10 -. t,oq_t. · ~1ZS . . • 'fo14-
17 /. o o 3 8 · ~ _J_l 4. . I. 'Z. o 7 ta. 
20 /.lq/2 ·'-5~2 1.3S'It 

3 23 -I.Z3oZ -~.3~1 1.384-'1 
37 - • ..3/~Z -.44-IS -S4t.3 

52 ' - . q 9 o o - . S!l_ It:, I • I .S Jl3 
55 - I . I 7 7 I ~ • S']3 ~ /. 3 fJ '14. 
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Table IV - Mirror Module Rotations Due to 27 MPH Wind and Gravity Loads 

lleliostat Attitude d.. = 4-0° 

Wind Mirror Location ey (Mrad) ez (mrad) Resultant 
Direction (Grid Point) e (mrad) 

2 -.384-3 . e,attz .Jl4-7 
7 -.454-o . 7~58 . 8!l_ti3 

10 -.~!jCJ . 8 I o3 1. O~o3 
17 - "1245 • 8oZ Cf 1.3e1.7 
20 - /. !>S8~ ·7777 I.S{o54 

1 23 -1.4112. . 7411 I.S'l~i 
37 - . .3,4..1 -.S'!So .C:J'f7~ 
42 -.4338 - · ~ 71Z .ao4t.. 
45 -.c,"ze - · 7Z2S -'fKoS 
54 -/.toSS -. 71Sfo 1. 3o34 
55 -/.3317 - · ~'/CS I· Sofo3 

.60. -1.3'/li -.,,o3 .f.S4-oo ·-
.. -

2 -. 3_4-11 .t;;,~IS' -7711 
7 -.4-112 >77t>Z .8]31 

10 -. ~4-3C:, . K 11s /. i>3S7 
17 -l.r,>8:J__4 . gooJ_ /. 3So4. 
20 -1.3'2.00 . 71li t.szqo 

2 23 - /.3722. -7378 /.SS8o 
37 . ....; • .3Z23 -. '"3 f.:, ·'84.3 
42 -. 3!/_Z,... -.c.az8 ·_1_97S 
45 -. C.2s~ -.724-8 .'l_St-3 ·-
52 -l;ofo'l --_714.~ 1 • z a c,t.t, 
55 -1.30IS - . ,, .. i /. 4111 
60 -I . .3S37 -.,szz. 1. ~ozC, 

- --·:·· . - - .. 

2 .34-7Z .(QK33 . 1bfo5 
7 -.4170 · 7'ZI .8(,'13 

10 -.C.4-77 · 8oSo .. l.o33Z. 
17 . - '· 0 310 .]qS~ /.34-7~ 
20 - /. 3 I 'l~ . 7,3.; 1.sz.7o 

3 23 -1.3715 - 73b I t.ssc.G, 
37 -. 3 zKo - . S'IS'I . t, So Z 

42 -. Y/71 - ·bJS'I • 1~4-2. 
45- - · ~Z77 · Il'l_o . q S4-4-
52 -/.070/ . 7100 /.ZR4-t. 
55 -1.3oo7 -.,Nz.1 - - -- -- - /.4-,'11 
60 - /.3.rZ. 7 - .,~,0 I.SD/l 
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Table IV - Mirror Module Rotations Due to 27 M~I Wind rind Gravity Loads 

lleliostat Attitude c/.... = 50° 

Wind Mirror Location 
9y (Mrnd) E>z (mrad) Rcsultnnt 

Direction (Grid Point) 0 (mrad) 

2 -. 3£?~ • 3 I Zo . f7c. 3 
7 -.4.01" · 17S1 ,q,34. 

10 -.,4.34 .?oso 1.1104-

17 -/.IIZ4 · 8 8 8 I I .4Z 34 
-·· 

20 - /. 3770 .ar~s · j.,Zol 
1 23 -1-4391 -8ol1 ,,,~13 

37 - · 3o11 -.]22.lf -7KS4-
42 - .3791 - · 787Z - 9fif4 
45 -."zoo -.8113 j.02.5'! 

52 -l.o(/11 - ,/oDCf 1.3r3r 
55 -1.3S~1 - ·7"4. ,_s-s-t.s 
60 -1.4174. -.]Z.'Z.O /, !>'fD1 

.. -
2 -.21SR -84.31 . ia 1, 
7 -. 34.fi · '/DZ1 .'/t.77 

10 -. Srt7 k ·'1274-.. 1./034-
17 - t.o»3(,:, .ljDf-l /.4113 
20 - /.3S32. . JG.t z. 1. C,o4.o 

2 23 - /. 4-114 • fD13 ,_,!/Z. 
37 -. zs~r -.7.r~7 ·1'1~"1 
42 -.32.8.r" -.$ll30 • 8-7(:.7{ 
45 -. s1'r -. l3i4- /.0/15 
52 -/.0,4~ -.t11.S3 /.3/J.Il 
ss· -/ . .3332 --7{30 /.54, 
60 -1.3973 --719G. /.5711 

- .. 

2 -.232.8 · 8So4 -S8t-.1-_ 
7 - • .3o'l . 907/ .CJ574.. 

10 ·::·. SS7f. . · 9ZfS' . - t.oK!31 
17 /.04-,1 .t:jol't 1.3817 
20 - /. 314 ~ · ~SS4- t . .s~St, 

j 23 - /.37iS . 7980 /.sqz a 
37 -. 213q --1~12. ·7i:fo7 
42 -. z t7i. -.e;e.r • 8'74. 
45 - .S37R - . 24-o? -9'llo 
52 -J.ozeu - . 8 14-f 1.3/l~ 

. 55 -J,2'!'Z.. - . 1C.84. I • .r-oC: 8 
60 - /.3S'/'t -·1114. /. s 34-'1 

.. 
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Table IV - Mirror Module Rotations Due to 27 MPH Wind and Gravity Loads 

llel i.ostat Attitude d._ = <;,Q 0 

Wind Hi.rror Location ey (Mrad) Oz (mrad) Resultant 
Direction (Grid Point) 0 (mrad) 

-
2 -.3~38 • 84 7 e . 7 .3oC-
7 -. 4-SS4 .qo7o 1.o147:f -·: 

10 -.C:.'/76 • t:t .3 S9 I. I~ 74 
1. 4t?f'-Z 

--
17 -/.1758 .t:jZ:S2 
20 -1.4-7SS -8'/{.,f'D I. 7 Z C:.~ 

1 23 -I. ~~o i. -KS13 /. 7~q I 
37 -. 3S4.4- -.7f.,tS . 931-f __ . 
42 -.4Z~o -.821.3 .qz.rz. 
45 -.,(.,74- -.KsoCJ /.0914-
52 -1.147S - • i4-o8 /.42.25 -55 -1.44(:.2. -.8124.. ,.,see_ 
60 

.~- .. - /.SZIS -·7~75 1-7°41 ··-

. -

2 -. 233" ·'14'/&J .. ~ zK.z._. 
7 -·34,8 Jj_t_]_JC, -· I.DSoS 

10 - • .S~IZ.. I. oo I 8 /.14-8"3 
17 - /. 0,4-~ .'f7o9 l.l/.4-o8--

20 · /.3~o'l . 1.-ZoS' 1.,430 --
2 23 - /. 4-~4~ .tf.S3Cf I _ (.,fo £t. 3 

37 -.Zio~ -.at,as .88s7:f 
42 -.Z~41 -. 9ozl - '14-,4. 
'•5 -.5~1S -.913/t /.()t,()z. 
52 -t.oi!3Z -.8R~..r ).3fD11 

55 1-3~8.3 -.a aa-3 1.s 1's .. 

60 -/.41/C! --7C._72. l.'o''l 

2 -. J1S.3 . 93/0 .q'f'S" ---· 
7 ___ ,"'7~-4. 9 r /.ot8Ct:, /. o1:_lZ .. 

/.02.4-1 /. 14-4-~ 10 -.S/11 .. ·-· 
17 -J.o313 .9e~9 /.4-2.74-
20 -/.33ZC, .9z8z /. '2.4-o 

3 23 -/. 4ri7s .asz' /. (.,4-S C, 
37 -.154.1 -.8'/o4- . 'lo37 
42 -. z zi'J -.'fz8' . -q S'4. 
45 -.4-kqs -·93SO /.0554. 

52 /.Oil/ -.J''JI4- /.3533 

55 - 1.3/ZZ --93'/Cf t.ss.~ 
60. -1.3112 -. 7'47 /.Si-4o· 

-. 
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Table IV- Mirror Module Rot.:~tions Due to 27 MPII W-ind and Grnvi.ty Loads 

llel iostat Attitude d... = 70° 

Wind l'-1irror Location ey (Nrad) Oz (mrad) 
RL~Sultnnt 

Direction (Grid Point) 0 (mrad) 

2 .o3t1 • CfiO~ . 9 liZ 
7 -. 03~(, . 1 zoo .qzo7 

10 -.ZCt,71:J • 'fo4' .943~ 
17 -. 7042. -8C:.zCf /.1132 
20 - .< ~434 • 8 14S /. z4-t,4. 

1 23 - • c ~ q c,t, ·7573 }.2.511 
37 .o4-i4- -.1~19 -8533 
42 -.ozoo -. i~l i . i~Zo 
45 -.zso4. --K4-7o . 8832 
52 - -~887 -. gost:t I.O~of 
55 - · ttz7o - • 7.S 7~ . /./Cf7Z 

.. 60 -.1_tol -.7oo7 I. Z o4 8 

2 -·E/33 • 'l_~()s . ··~-

/. o I 0~ 
7 --334-o . 998/ /,0,'/4. 

.. 10 -.,~ZI I. tJo<j.3 1.1 'foCf 
17 -!.1.32~ ·9i~1 I.SoZZ .. 
20 -1.4-SC/1 ·'14-4-'1 I. 73:8.3 

2 23 - /. S/..4-Z. ·. Jio I /. 7 7"74-
37 -.zi~4 - .8]4([ ·'11'1-. 
42 -. 3S4-I - .q/32. ·'i1?4-
45 -. ~o/3 - .( ~25 I /./0$ 
52 - I. I 04-o - .( ~o33 1.4-Z.~S 

55 - 1. 4- Zlf3 . 8,15 ,.,C:,9'f 
60 - I.SI4l/.. --797% ~.!_4-_· 

- . -- -
2 -. 14.'1 z /. o'zG, I. o 7~o 
7 -.Z'Z/C, 1.0~~1 /.loSt 

10 -.4il1 t.oJs3 .. /.1783 
17 -/.007'- /. o3Z~ 1.44Z.J _ .. 
20 -/.330~ -'1~88 /.C,if5q 

3 23 -/. 4.13'8 -8a21 I. (pt:,C, 7 
37 -.IZC:.o -.Cf7_4-0 · '/8 Z I 

42 -.JI:Ji4 -. '11_4-J . I.0./4-3 

45 -. 4 575 • i. '1fi I l.of8'1 
52 -.ljiS8 -. ( ~4-(po I. 3t,t. 3 
55 - 1. 3o7C:, . Pf 2t/. I.S77S 
60 -1.3f:Jo't - '7 ~C:,tf I. 'o3o 
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Table IV - Mirror Module Rotnt i.ons Due to 27 MPII Wind and Gr.:tvitv Loads 

fleliostat Attitude d... = goo 

Wind Mirror Location 
ey (Mrad) 8z (mr:1.d) Rcsuitant 

•!}" 

Direction (Grid Point) .G (mr§lcl) 

2 
7 

10 
17 
20 -1 23 --n 
42 
45 
52 
55 
60 

2 .OS3G:> ·Cf'ft/.7•. .~q{o( 

7 -.oi/Cf ·9831 • q83Cf 
10 -.l4-1&f .qsz~ • '18z.R 
17 - ·'-Rit .tj~ICJ I. 134.4-
20 - ._Cj_ 4-8 3 .lf-1..7 1. z'i~ 

2 23 - /. oo'!'l -1' a lf /.2,'13 
37 • o7_oj -. 'j!.]S .'/4-oZ 
42 • 00 S.~ -.f/2.70 -1270 
45 -.22:38 -.a~'~ -CJZ4-o 
52 - • C..1 Z I - -14t.3 I. o!o7 
55 -.'/313 - ·2i_1_3 J,Z.I'/S' 
60 -. 'l'!za - ._]/ ~_j_ /.2ZZ8 

- . 

2 -.2~77 /, 04-45 /. 07S 8 
I ····.3Z55 I. ot,. 1 K 1.(10" 

10 - . .S]lj 1.05~2 .. /.Zo2.Z 

17 -/.0.~2 8 l.o2.S8 /.4-f:/IC:, 

20 - 1.4-3~3 ·!J_}:,o 1- 12qq 
.3 23 - /.SZ!i • grt_l' /. 7C:.S5 

37 -.2273 - J(,o] . 9872. 
42 -.Z'/SI -.9J8.r /.ozzo 

~ ..... ~, .. -
-.StJ.Io ·!U4-7 I. 114.8 45 

52 - /. oS3_~ .9_4_39_ /.4.14-fo 

55 -/.S'I'I'f -.8114- I. ~SlfCt, 

60 -1-4133 -. HtoS '·'""' .. 
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Ta~le IV· Mirror Module Rototi.ons Due to 27 MPII Wind and Gravity Loads 

lleliostat Attitude d... = Cjo 0 

Wind Mirror Location 
9y (Hrad) 

Result:1nt 
0 (mrad) Direction (Grid Point) 

2 /. II Z 5 I • I I I I . f. 5 7 Z 3 
l---~----+-_:..;:...:....:..:~:....--+--_.:_--:-:::-=::=---t-__;-':--:-7-~---

7 J.oS'Zo .q1.rr 1.44-1.5 

17 .4,.3ZZ .(;,,'14- .lz.z.z 
20 • 2sqz .54-8'1_ .r.,ozo 

1 23 .. zo'3 ·3877 .4-3(/2. 

2 

·3 

31 J.o878 -1.112o i.sis' 

55 ·233/t -.SSIS .s7f({o 
1----.;..60;.._ ___ -.L ···- _ .• II o_8'!---!---__;_:' 3=-.J...'o...::S=---+--__:_' ..:..'~-..::.3 o..L._ 

7 
10 
17 

~----~-----~-----------+---------~-----------20 
23 
'37 
42 
45 
52 

~--~5~5------+---------~------~-+~----~--
60 
Average of 12 Mirrors 

1---1~7~------+--::....:..· .;:'~'.;'.;0-+-_..:...· -i;q.:;;' "~-':--7---i_.:...:· '~·-:'..;;3~·4-~.3:--·· 
20 -.e'f4-Z'I -8soo /.z,Cf~ 
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