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This report is presented in 4 Volumes. The content of these volumes

is as follows:

Volume I -~ Sections 1;0 - 3.0
1.0 Introduction
2.0 Summary of Results
3.0 Northrup Heliostat Description

Volume II - Sections 4.0 - 8.0
4.0 Manufacturing
5.0 Transportation
6.0 Field Assembly and Installation
7.0 Maintenance

8.0 Cost Estimates

Volume III - Appendices A - E
A. Bill of Materials
B. Part Drawings (Subassemblies)

This volume _ 3 C. Assembly Drawings
D. Trade Studies

E. System Studies

Volume IV - Appendices F - J
F. Control Software
G. Test Results
H. Manufacfuring
I. Specification s-101
J. Specification S-102

‘ LEGAL NOTICE

This report was prepared as an account of Government sponsored
work. Neither the United States, nor the DOE, nor any person
acting on behalf of the DOE:

a. Makes any warranty or representation, express or implied, with
respect to the accuracy, completeness, or usefulness of the infor-
mation contained in this report, nor that the use of any information,
apparatus, method, or process disclosed in this report may not
infringe privately owned rights; or

b. Assumes any liabilities with respect to the use of, or for

damages resulting from the use of any information, apparatus,
method, or process disclosed in this report.
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9.1 BILL OF MATERIALS (APPENDIX A)

The following series of tables provide the bill of material for

the Northrup heliostat.

lists are as follows:

Table
Table
Table
Table
Table
Table
Table
Table

Specifically, the table numbers and material

A-1
A-2
A-3
A=4
A-5
A-6
A-7
A-8

Northrup II Heliostat Assembly Bill of Materials
Mirror Module Bill of Materials

Rack Truss Bill of Materials

Drive Unit Bill of Materials

Electronics Rack Bill of Materials

Pedestal Bill of Materials

Limit Switch Bill of Materials

Heliostat Electronics Bill of Materials

A-1



TABLE A-1
12-010

NORTHRUP II HELIOSTAT ASSEMBLY BILL OF MATERIALS

A-2

PART NUMBER QUANTITY PER
DESCRIPTION HELIOSTAT

12-010 NORTHRUP I1 HELIOSTAT ASSEMBLY 1
12-100 MIRROR MODULE ASSEMBLY 12
12-200 RACK TRUSS ASSEMBLY 2
12-300 DRIVE UNIT ASSEMBLY 1
12-400 ELECTRONICS RACK ASSEMBLY 1
12-500 PEDESTAL ASSEMBLY 1
12-600 HELTOSTAT LIMIT SWITCH ASSEMBLY 1
12-700 HELIOSTAT ELECTRONICS 1
0011 STEPPER MOTOR; P/N M112-FJ327

SUPERIOR ELEC CO. BRISTOL COUNN. 2
0012 FLEXIBLE COUPLING; P/N L-070

LOVEJOY INC., DOWNERS GROVE, ILL. 2
0013 KEYWAY STOCK; .1875" SQUARE X 1.25" LONG

CARBON STEEL 2
0014 BOLT, HEX HEAD; 1/4-20 UNC-2A x 1%" LG

ZINC PLATED CARBON STEEL- 8
0015 LOCKWASHER; %" BOLT SIZE, ZINC PLATED -

CARBON STEEL 8
0016 NUT, HEX; 1/4 - 20 UNC -2B

i ZINC PLATED CARBON STEEL 8

0017 STUD - DRIVE TO PEDESTAL;

5/8 - 11 UNC - 2A x 3.5" LG

ZINC PLATED CARBON STEEL 12
0018 LOCKWASHER; 5/8" BOLT SIZE

ZINC PLATED CARBON STEEL 12
0019 NUT, HEX; 5/8 - 11 UNC 2B

ZINC PLATED CARBON STEEL 12
0021 STUD, MIRROR MOUNT; 3/8-24 UNF-2A x 4.0" LG

ASTM A 307, ZINC PLATED CARBON STEEL 36



TABLE A-1 {Continued)
12-010

NORTHRUP II HELIOSTAT ASSEMBLY BILL OF MATERIALS

QUANTITY PER
HELIOSTAT

PART NUMBER DESCRIPTION

0022 FLAT WASHER; 3/8" BOLT SIZE,
ZINC PLATED CARBON STEEL

0023 JAM NUT, HEX; 3/8-24 UNF-2B
ZINC PLATED CARBON STEEL

0024 SPHERICAL NUT-WASHER; 3/8-24 UNF-2B
PART #H19300-6
KAYNAR CORP, FULLERTON, CALIF.

0025 BOLT HEX HEAD; 5/16-24 UNF - 2A
x 1.0" LONG, ZINC PLATED CARBON STEEL

0026 FLATWASHER; 5/16" BOLT SIZE,
ZINC PLATED CARBON STEEL

0027 GASKET, LONG; 5/32" x 1" WIDE x 26" LG
SPONGE RUBBER ADHESIVE BACK,
MCMASTER-CARR #1117A13

0028 GASKET, SHORT; 5/32" x 1" WIDE X 10.8" LG
SPONGE RUBBER ADHESIVE BACK,
MCMASTER-CARR #1117A13

0029 NUT, HEX; #10-32 UNF-2B
ZINC PLATED CARBON STEEL

0031 CLAMP-LOOP, CUSHIONED; 1/2", P/N S370-8
UMPCO INC., GARDEN GROVE, CALIF.

0032 CLAMP-LOOP CUSHIONED; 3/8", P/N S370-6
UMPCO INC., GARDEN GROVE, CALIF

0033 CLAMP-LOOP, CUSHIONED; 3/4" P/N S370-12
UMPCO INC., GARDEN GROVE, CALIF

0034 BOLT, HEX HEAD; NO 10-32 UNF -2A
x 3/4" LG ZINC PLATED CARBON STEEL

0035 FLAT WASHER; #10 BOLT SIZE
ZINC PLATED CARBON STEEL

0036 CONNECTOR, STRAIN RELIEF; P/N TB 2521
RYALL ELECTRIC, DENVER, COLO.

0037 NUT, CONNECTOR; P/N BL 50
RYALL ELECTRIC, DENVER, COLO.

0038 CONNECTOR, STRAIN RELIEF; P/N TB2523

RYALL ELECTRIC, DENVER, COLO.

A-3

72

36

72

16

16



Table A-1 (Continued)
- 12-010

NORTHRUP II HELIOSTAT ASSEMBLY BILL OF MATERIALS

PART NUMBER DESCRIPTION
0039 CONNECTOR, STRAIN RELIEF; P/N TB 2535
RYALL ELECTRIC, DENVER, COLO.
0041 NUT, CONNECTOR; P/N BL75
RYALL ELECTRIC, DENVER, COLO.
0043 ACCELERATOR #TS-3108-37
HUGHSON CHEMICALS, ERIE PA.
0044 STRUCTURAL ADHESIVE; VERSILOK 204
HUGHSON CHEMICALS, ERIE, PA.
0045 PRIMER; #9924, HUGHSON CHEMICALS
ERIE, PA.
0046 PAINT; WHITE POLYURETHANE CHEMGLAZ
#A276 HUGHSON CHEMICALS, ERIE, PA.
0047 CONNECTOR, %" - 90° SQUEEZE TYPE BOX;
P/N TB268 RYALL ELECTRIC, DENVER, CO.
0048 CONNECTOR, %" - TWO SCREW BOX;
P/N TR3312 RYALL ELECTRIC, DENVER, CO.
0049 CABLE TIE; P/N PLT 2M~CP RYALL ELECTRIC,
DENVER, COLO OR EQUAL
0051 #8 x 3/4" LG HEX HEAD THREAD FORMING SCREW;

P/N 90060A197 MCMASTER-CARR CHICAGO, ILL.

QUANTITY PER
HELIOSTAT

.1 oz

2 oz

1 Pint

1 Pint
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Table A-2

12-100

MIRROR MODULE BILL OF MATERIALS

PART .

NUMBER DESCRIPTION

0100 MIRROR MODULE

0103 CENTER MOULDING; DIE NO. 1111-EPDM
COMPOUND BC~0-630, LAUREN MFG. CO.,
NEW PHILADELPHIA, OHIO

0105 EDGE MOULDING, LONG; SH. .022" x .75" x
72.25" GALVANNEALED STEEL, ASTM A527

0106 EDGE MOULDING, SHORT; SH .022" x .75" x
47.50" GALVANNEALED STEEL, ASTM A527

0107 EDGE MOULDING CORNER; SH .022" x .75" x 1.8"

" GALVANNEALED STEEL ASTM A527

0108 CENTER MOULDING COVER; SH .022" x .75" x
49.75" GALVANNEALED STEEL, ASTM A527

0110 MIRROR~SUPPORT STRUCTURE ASSEMBLY

0115 MIRROR FACET; .094" THK x 48.0" x 72.0"
GARDNER MIRROR CORP. NORTH WILKESBORO, N.C.

0116 MIRROR BACKING SHEET; .028" x 48.0" x
144.32" GALVANNEALED STEEL ASTM A527

0120 OUTER FRAME ASSEMBLY

0121 OUTER FRAME WEB; .022" x 4.0" x 32 ft
GALVANNEALED STEEL PER ASTM A527

0130 WEB ASSEMBLY

0131 WEB; GALVANNEALED SHEET .022" x 4.0" x
144.16" PER ASTM A527

0132 STIFFENER; GALVANNEALED STEEL .078" x 2.0"
x 3.12" PER ASTM A527

0140 STUD MOUNT ASSEMBLY

0141 RECTANGULAR STRUCTURAL TUBING;

CARBON STEEL .120" w x 1.5" x 2.0"
x 48.0" PER ASTM A500

QUANTITY PER

QUANTITY PER

MODULE HELIOSTAT

12

4 £t 48 ft

4 48

2 24

4 48

1 12

1 12

2 24

1 12

1 12

1 12

5 60

5 60

14 168

2 24

2 24



PART
NUMBER

0142

0151

0152

0153

0154

0156

0158

0161

0162

0170

0171

Table A-2 (Continued)

12-100

MIRROR MODULE BILL OF MATERIALS

DESCRIPTION

FLOATING NUT PLATE; PART #F5001-6
KAYNAR MFG. CO. INC., FULLERTON, CALIF.

RIVET; 1/8" DIA x 1/4" GRIP TYPE MD-BS
USM CORP. POP RIVET DIV. SHELTON, CONN.

STRUCTURAL ADHESIVE; VERSILOK 204
HUGHSON CHEMICALS, ERIE PA.

ACCELERATOR #TS-3108-37; HUGHSON CHEMICALS
LORD CORP., ERIE, PA.

DIMETHYL SILICONE; #4 COMPOUND DOW CORNING
CORP. MIDLAND, MICH.

RUBBER ADHESIVE; #15160A ST CLAIR RUBBER
CO., DETROIT, MICH.

RTV SILICONE, WHITE; P/N 102
GENERAL ELECTRIC CO. INC.

PRIMER; #9924, HUGHSON CHEMICALS
ERIE, PA.

PAINT; WHITE POLYURETHANE CHEMGLAZ
#A276 HUGHSON CHEMICALS, ERIE, PA

SUB-STRATE ASSEMBLY
SUB-STRATE BACKING SHEET;

.022 x 48.0 x 144.32 GALVANNEALED
STEEL ASTM A527

QUANTITY PER  QUANTITY PER
MODULE HELIOSTAT
4 48
14 168
.5 1b 6 1b
1 oz 12 oz
14 oz 10.5 1b
1/2 oz 6 oz
6 oz 4.5
1qQt 3 Gal
1qQt 3 Gal
1 12
1 12



Table A-3

12-200

RACK STRUCTURE BILL OF MATERIALS

PART DESCRIPTION QUANTITY PER QUANTITY PER
NUMBER : TRUSS ASSY HELIOSTAT
0200 RACK ASSEMBLY 2
0201 TRUSS CROSS BRACE; ANGLE 1" x 1" x %"

x 91.0" LONG ASTM A 36 STEEL 4 8
0202 TRUSS LOWER BRACE; ANGLE 1" x 1" x %"

x 90.0" LONG ASTM A 36 STEEL 2 4
0210 TRUSS ASSEMBLY; PART #D-272624

BUTLER MFG. CO., KANSAS CITY, MO. 2 4
0220 TORQUE TUBE ASSEMBLY 1 2
0221 TORQUE TUBE FLANGE; PLATE

3/4" x 16.0" x 16.0" ASTM A36 STEEL 1 2
0222 TORQUE TUBE SUPPORT BRACKET;

.090" x 28.0" x 39.0" ASTM A366 STEEL 2 4
0223 RIVET; %" DIA X 5/8" GRIP TYPE MD-BS

USM CORP., POP RIVET DIV., SHELTON, CONN. 2 4
0224 PIPE - TORQUE TUBE; 12 3/4" 0D x .250"

WALL X 111.0" LG ASTM A53 GRB 1 2
0225 RIVET; %" DIA X 3/8" GRIP TYPE MD-BS

USM CORP., POP RIVET DIV., SHELTON, CONN 16 32
0226 PRIMER; #9922 HUGHSON CHEMICALS, ERIE, PA. 1/2 Gal 1 Gal
0227 PAINT, POLYURETHANE WHITE;

CHEMGLAZE # A276

- HUGHSON CHEMICALS, ERIE, PA 1/2 Gal 1 Gal

A-7



Table A-4
12-300
DRIVE UNIT BILL OF i:ATERIALS

A-8

QUANTITY
PART NUMBER DESCRIPTION PER DRIVE UNIT
PS12-301 PROCUREMENT SPEC-DRIVE UNIT; SOLAR HELIOSTAT -
D-651137-2 AZIMUTH & ELEVATION DRIVE ASSEMBLY 1
D-651137-16 ELEVATION DRIVE ASSEMBLY 1
651137-83 MOTOR ADAPTER 1
651137-80 PLANETARY PINION SHAFT 1
651137-85 GITS EXPANSION CHAMBER #LO - 1487 1
15118 KEY - 3/16 x 3/16 x 1" LG 1
13336 1/4 LOCKWASHER - ZINC PLATED 8
11870 1/4 = 20 x 3/4 LG. HEX HD. BOLT - ZINC 8
651137-84 MOUNTING PLATE - EXPANSION CHAMBER 1
651137 -86 1/8 COPPER TUBE 18" LONG 1
11109 1/8 WEATHERHEAD ELBOW #69 x 4 2
651137-58 CLAMPING DISC 1
15710 KEY - 1/2 x 1/2 x 7/8 1G 1
11210 1/2 PIPE PLUG - ZINC PLATED 4
11208 1/4 PIPE PLUG - ZINC PLATED 3
10548 1/4 x 1" LG. SPIROL PIN 12
20314 TORRINGTON NEEDLE BEARING ~ J-1012
11868 3/8 - 16 x 1 1/4 LG. HEX HD. BOLT - ZINC 6
12281 3/8 - 16 x 1" LG. SOCKET HD. CAP SCREW
12242 1/4 - 20 x 3/4 LG. SOCKET HD. CAP SCREW 12
5908 OIL SEAL C/R 13650 2
10241 SPIROLOX RETAINING RING - RRN - 212 1
10240 SPIROLOX RETAINING RING - RSN - 112 1
20313 MRC BALL BEARING R - 18 1
651137-67 GASKET PLANETARY 1
651137-63 GASKET - PLANETARY 1
20311 TIMKEN CONE HM 911245 2
20312 TIMKEN CUP HM 911210 2
651137-56 JOURNAL PIN 2
651137-55 PLANET GEAR 2
651137-54 PLANETARY PINION 1
651137-72 SECONDARY RING GEAR 1



Table A-4 (Continued)
12-300

DRIVE UNIT BILL OF MATERIALS

QUANTITY

'PART NUMBER DESCRIPTION PER DRIVE UNIT
651137-71 PRIMARY RING GEAR 1
651137-52 PLANETARY FRAME 1
651137-57 PLANETARY GEAR WEB 1
651137-51 PLANETARY COVER 1
651137-50 PLANETARY HOUSING 1

© 651137-59 HIGH SPEED WORM 1
30178 NATIONAL OIL SEAL 509756 SIR 4
30177 DOWTY "O" RING ARP 568 -920 2 -
651137-70 SPACER 24
13339 5/8 LOCKWASHER - ZINC PLATED 24
13338 1/2 LOCKWASHER - ZINC PLATED 12
13337 3/8 LOCKWASHER - ZINC PLATED 11
11878 5/8 - 11 x 2 1/2 LG. HEX HD. BOLT-ZINC 24
11879 1/2-13 x 1 3/4 LG. HEX HD. BOLT - ZINC 12
11871 3/8 - 16 x 1" LG. HEX HD. BOLT - ZINC 5
651137-66 GASKET - ELEVATION - INNER RING 1
651137-65 GASKET - ELEVATION - OUTER RING 1
651137-64 GASKET - ELEVATION - OUTER RING 1
20315 KAYDON BALL BEARING - KG 160 XPO 1
651137-60 WORM SUPPORT - ELEVATION 1
651137-41 S.S. GEAR - ELEVATION 1
651137-44 S.S. BEARING - INNER CLAMP RING 1
651137-43 S.S. BEARING - OUTER CLAMP RING 1
651137-42 S.S. BEARING - RETAINING RING 1
651137-40 ELEVATION HOUSING 1



Table A-4 (Continued)
12-300

DRIVE UNIT BILL OF MATERIALS

QUANTT
PART NUMBER DESCRIPTION PER DRIVE
D-651137-17 AZIMUTH DRIVE ASSEMBLY 1
651137-87 DUST SHIELD 1
651137-83 MOTOR ADAPTER
651137-80 PLANETARY PINION SHAFT 1
15118 KEY 3/16 x 3/16 x 1"LG 1
13336 1/4 LOCKWASHER - ZINC PLATED 4
11870 1/4 - 20 x 3/4 LG. - ZINC PLATED 4
651137-73 PLUG - AZIMUTH GEAR 1
651137-58 CLAMPING DISC 1
11208 1/4 PIPE PLUG - ZINC PLATED 3
11868 3/8 - 16 x 1 1/4 LG HEX HD. BOLT - ZINC 6
12281 3/8 - 16 x 1" LG. SOC. HD. CAP SCREW 8
12242 1/4 - 20 x 3/4 LG. SOC. HD. CAP SCREW 12
10548 1/4 x 1" LG. SPIROL PIN 12
20314 TORRINGTON NEEDLE BEARING J-1012 4
10241 SPIROLOX RETAINING RING RRN - 212 1
10240 SPIROLOX RETAINING RING RSN - 112 1
20313 MRC BALL BEARING R-18 1
20311 TIMKEN CONE HM 911245 2
20312 TIMKEN CUP HM 911210 2
651137- 56 JOURNAL PIN 2
651137-63 GASKET - PLANETARY 1
651137-67 GASKET - PLANETARY 1
5908 OIL SEAL - C/R 13650 2
15710 KEY 1/2 x 1/2 x 7/8 LG. 1
651137-54 PLANETARY PINION 1
651137-72 SECONDARY RING GEAR 1
651137-71 PRIMARY RING GEAR 2
651137-55 PLANET GEAR 2
651137-52 PLANETARY FRAME 1
651137-57 PLANETARY GEAR WEB 1
651137-51 PLANETARY COVER . 1
651137-50 PLANETARY HOUSING 1
561137-59 HIGH SPEED WORM 1

A-10



PART NUMBER

11210
11209
30177
30176
651137-69
13338
13337
11869
11871
651137-62
20315
651137-61
651137-46
651137-49
651137-48
651137-47
651137-45

Table A-4 (Continued)
12-300

DRIVE UNIT BILL OF MATERIALS

DESCRIPTION

1/2 PIPE PLUG - ZINC PLATED

3/8 PIPE PLUG - ZINC PLATED

DOWTY "0" RING ARP 568-920

OIL SEAL - C/R 1550540

3/4 - 10 x 4" LG. STUD - ZINC PLATED
1/2 LOCKWASHER - ZINC PLATED

3/8 LOCKWASHER - ZINC PLATED

1/2 - 13 x 1 3/8 LG. HEX BOLT - ZINC
3/8 - 16 x 1" LG. HEX HD. BOLT - ZINC
GASKET AZIMUTH HOUSING

KAYDON BALL BEARING - KG 160 x PO

.WORM SUPPORT -~ AZIMUTH

S.S. GEAR - AZIMUTH

S.S. BEARING RETAINING RING
S.S5. BEARING CLAMPING RING
S.S. COVER - AZIMUTH
AZIMUTH HOUSING

A-11
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Table A-5
12-400

ELECTRONICS RACK ASSEMBLY BILL OF MATERIALS

PART QUANTITY PER QUANTITY P’
NUMBER DESCRIPTION : SUB-ASSEMBLY HELIOSTAT
0400 ELECTRONICS RACK ASSEMBLY 1
0401 FLANGE; .120" THK x 10.84" x 26.00"

COLD ROLLED STEEL PER ASTM- A366 1 1
0402 SIDE PLATE; .090" THK x 24.0" x 24.0"

COLD ROLLED STEEL PER ASTM-A366 2 2
0403 TOP PLATE; RYERSON P/N 3/4" NO 13-15

7.29" x 11.62" EXPANDED METAL-FLATTENED 1 1
0404 RACK BRACKET: .090 THK x .75" x 2.0"

COLD ROLLED STEEL PER ASTM-A366 2 2
0406 CLOSURE PLATE; .030" THK x 1.32" x 7.28"

COLD ROLLED STEEL PER ASTM-A366 2 2
0407 EDGE MOULDING; DIE NO. 1113-EPDM COMPOUND

BC-0-610 OR BC-0-630 LAURN MFG. CO. .

NEW PHILADELPHIA, OHIO 2 FT 2 FT
0410 LOWER SHELF ASSEMBLY 1 1
0411 LOWER SHELF; RYERSON P/N 3/4" No. 13-15

7.28" x 24.0" EXPANDED METAL-FLATTENED 1 1
0412 TOP GUIDE, SHORT; .120" THK x 1.0" x 4.0"

COLD ROLLED STEEL PER ASTM-A366 4 8
0413 BOTTOM GUIDE, LONG; 120" THK x .75" x 22.0"

COLD ROLLED STEEL PER ASTM A366 2 4
0414 REAR STOP; .120" THK x 1.0" x 5.5"

COLD ROLLED STEEL PER ASTM-A366 1 2
04720 CENTER SHELF ASSEMBLY 1 : 1
0421 CENTER SHELF; RYERSON P/N 3/4" NO. 13-15 .

7.28" x 22.5" EXPANDED METAL-FLATTENED 1 1
0430 UPPER SHELF ASSEMBLY 1 1
0431 UPPER SHELF; RYERSON P/N 3/4" No 13-15

7.28" x 22.5" EXPANDED METAL-FLATTENED 1 1
0432 TOP GUIDE; .120" THK x 1.0"™ x 7.25" COLD :

ROLLED STEEL PER ASTM A366 1 1
0433 BOTTOM GUIDE; .120" THK x .75" x 7.25" .

COLD ROLLED STEEL PER ASTM-A 366 1 . 1

0440 DOOR ASSEMBLY 1 1

A-12



Table A-5 (Continued)
12-400

ELECTRONICS RACK ASSEMBLY BILL OF MATERIALS

PART QUANTITY PER QUANTITY PER
NUMBER DESCRIPTION SUB-ASSEMBLY HELIOSTAT
0441 DOOR; .090" THK x 9,5" x 25.5" :

COLD ROLLED STEEL PER ASTM-A366 1 1
0442 HINGE; #1577A27 CONTINUOUS, PLAIN

TYPE STEEL .062" THK x 1%" WIDE X

3/16" DIA PIN X 24.0" LONG 1 1
0443 RACK BRACKET; .090'" THK x 1.0" x 2.0"

COLD ROLLED STEEL PER ASTM A 366 2 2
0444 DOOR GASKET; #1117A11 SPONGE RUBBER

ADHESIVE BACK WEATHERSTRIP 1/2" WIDE

X 5/32" THK X 6 FEET LONG 1 1
0450 BREATHER ASSEMBLY 1 1
0451 BREATHER; 3" DIA ALUM MINI PORT

MCMASTER ARR P/N 2016K5 1 1
0452 BREATHER COVER; .022" x 4.0"

GALVANNEALED STEEL ASTM-A-527 1 1
0462 CAPTIVE THUMB SCREW; 1/4-20 UNC X

1 1/8" LG, BRASS NICKEL PLATE
STOCK DRIVE PRODUCTS
55 S. DENTON AVE

NEW HYDE PARK, N.Y. 11040 2 2
0463 SPEED NUT; 1/4 - 20 UNC. MCMASTER-CARR

P/N 90528A115 OR EQUAL 2 2
0464 CAGE NUT, TYPE J; 1/4-20 UNC,

MCMASTER-CARR P/N 90679A029 Or EQUAL 2 2
0465 FLAT HEAD MACHINE SCREW; #10-32 _

UNF X 3/4" LG ZINC PLATED STEEL 9 9
0466 LOCKWASHER; #10 BOLT SIZE

ZINC PLATED STEEL 9 9
0467 JAMB NUT, HEX; #10-32 UNF

ZINC PLATED STEEL 9 9
0468 STRUCTURAL ADHESIVE-VERSILOK 201

HUGHSON CHEMICALS, ERIE, PA. 2 0z 2 0Z
0469 ACCELERATOR NO. TS-3108-37

HUGHSON CHEMICALS, ERIE PA. .2 02 .2 0Z
0471 PRIMER; #9924

HUGHSON CHEMICALS, ERIE PA. 1 QT 1 QT
0472 PAINT; WHITE POLYURETHANE CHEMGLAZ
‘ #A276° HUGHSON CHEMICALS, ERIE, PA. 1 QT 1 QT

A-13



Table A-6

12-500

PEDESTAL ASSEMBLY BILLfaF MATERIALS

PART

NUMBER DESCRIPTION

M-101 HELIOSTAT PILE ASSEMBLY

M-101-1 FLANGE; %" x 29.0" x 29.0" CARBON STEEL
PER AISI 1020

M-101-5 SPIRAL WOUND PIPE PER ASTM A 252, GRADE
2 24.00" OD x .250" WALL X 25 FT LG.

M-103 TAPERED LEVELING SHIM; 5/8" x 29.0" x 29.0"
CARBgN STEEL PER AISI 1020, NORMALIZED AT
1100°F MIN FOR 1 HOUR MIN

M-104~-1 DRIVING STUB ASSY
FLANGE; %" x 23.0" I.D. x 28.5" 0.D.
CARBON STEEL AISI 1020
PIPE; 24.0" 0.D. x .25" WALL x 12.0" LG

SPIRAL WOUND PIPE PER ASTM A252 GR 2

M-104-3  FLANGE COVER; EXTERIOR GRADE C/D PLYWOOD
3/4" x 23.0" ID x 28.5" OD

M-104-5 COVER PLATE; 3/8" x 10.81" x 26.0" CARBON
STEEL PER AISI 1020

M-105 FLANGE; ELECTRONIC OPENING; 5/8" x 10.81"
x 26.0" CARBON STEEL PER AISI 1020

SPECIFICATIONS

M-102 HELIOSTAT PILE INSTALLATION

$-101 INSTALLATION OF OPEN END PIPE PILES

s-102 SURFACE PREPARATION, APPLICATION AND INSPECTION OF

QUANTITY PER
SUB~-ASSEMBLY

QUANTITY PER
HELIOSTAT

PROTECTIVE COATINGS FOR CARBON STEEL HELIOSTAT PILES

A-14
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1 per 10
Heliostats

1 per 10
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Table A-7
12-600

HELIOSTAT LIMIT SWITCH BILL OF MATERIALS

PART , QUANTITY PER  QUANTITY PER
NUMBER DESCRIPTION SUB-ASSEMBLY HELIOSTAT
0600 ELEVATION ¢ LIMIT SWITCH ASSEMBLY . 1
0601 ELEVATION LIMIT SWITCH BRACKET

1.0" x 2.0" x 6.5" FLAT CRS 1018 ASTM-A-108 1 1
0610 CW ACTUATOR ASSEMBLY 1 2
0611 CW ACTUATOR BRACKET; ~

.120" x 2.5" x 3.75" CRS PER ASTM-A366 1 2
0620 CCW ACTUATOR  ASSEMBLY 2
0621 CCW ACTUATOR BRACKET;

.120" x 2.5" x 3.75" CRS PER ASTM-A366 1 2
0630 WEST AZIMUTH SWITCH ASSEMBLY 1
0631 -  WEST AZIMUTH LIMIT SWITCH BRACKET;
& .120" x 2.5" x7.2" CRS PER ASTM-A366 1 1
0640 EAST AZIMUTH SWITCH ASSEMBLY 1
0641 EAST AZIMUTH LIMIT SWITCH BRACKET;

.120" x 2.5" x 7.2" CRS PER ASTM-A366 . 1 1
0661 LIMIT SWITCH SPACER; 1/8" THICK :

HIGH IMPACT STYRENE OR EQUAL 2 4
0662 FLAT HEAD MACHINE SCREW; #6-32 U+F-2A

x 3.0" LG-ZINC CHROMATE PLATED 4 4
0663 NUT, HEX; {#6~32-UNF-2B

ZINC CHROMATE PLATED 4 8
0664 LOCKWASHER, SPLIT; #6 SCREW

SIZE-ZINC PLATED . 4 8
0665 FLAT HEAD MACHINE SCREW; #6-32 UNF-2A

x 2.0" LG-ZINC CHROMATE PLATED 2 4
0666 PLAIN THUMB SCREW; PART #7137S1

R.A.F. ELECTRONIC HWP,INC., STRATFORD, CONN 2 8
0667 NUT HEX; #10-32 UNF-2B

ZINC CHROMATE PLATED 4 8
0668 - MICRO SWITCH; P/N BZ-2RDS725551-A2

MINNEAPOLIS-HONEYWELL, FREEPORT, ILL 2 6

A-15



PART NUMBER

0669

0671

0672

Table A-7 (Continued)

12-600
HELIOSTAT LIMIT SWITCH BILL OF MATERIALS (Continued)
DESCRIPTION QUANTITY QUANTITY

PER PER
SUB-ASSEMBLY  HELIOSTAT

MICRO SWITCH; P/N BZ-2RDS5551-A2
MINNEAPOLIS-HONEYWELL, FREEPORT,
ILLINOIS 2 8

PRIMER; #9924- HUGHSON CHEMICALS,
ERIE PA o AS REQUIRED - 1 PINT

PAINT: POLYURETHANE WHITE CHEM

GLAZE #A276- HUGHSON CHEMICALS, A ' )
ERIE, PA AS REQUIRED 1 PINT
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Table A-8
12-700

HELIOSTAT ELECTRONICS BILL OF MATERIAL

PART NUMBER DESCRIPTION
12-710 HELIOSTAT CONTROL ELECTRONICS
12-720 HELIOSTAT MANUAL CONTROL BOX
12-730 HELIOSTAT WIRE HARNESS
12-740 HELIOSTAT WIRING DIAGRAM
12-750 HELIUSTAT CONTROLLER SOFTWARE
12-760 DRIVER CONTROLLER ASSEMBLY
12-710
HELIOSTAT CONTROL ELECTRONICS BILL OF MATERIAL

QUAN DESCRIPTION MFG.

1 Processor Syn.

1 I/0 Timer Syn.

1 ACIA Mot.

1 EROM Intel

1 Baud Gen Mot

1l Line Driver TI

2 Line Rovr ' TI

1 Inverter TL

1 Timer Nat.

3 Capacitors

1 Capacitor

10 Capacitors

1 Crystal

1 Crystal

1 Resistor Pk

6 Resistors

2 Resistors

2 Resistors

2 Resistors

1 Resistor

1 Resistor

1 Power Supply Northrup
2 Translators Superior
1 Housing Hoffman

A-17

QUANTITY

PER HELIOSTAT

1

1 per 10
Heliostats

1
AS REQD.

AS REQD.

1

PART NO.

6502

6532

6850

2716

14411

75110

75108

5404

LM 555

10uf 10v
22pf 50v
.1uf 50v
1Mhz

1.843 Mhz. -
2.2k

220 ohm 1/4w
100 ohn 1/4w
1k 1/4w

470 ohm 1/4w
100k 1/4w
15m 1/2w

TBM 105- 1218
A1008HAL
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Table A-8 (Continued)

12-710
HEL1OSTAT CONTROL ELECTRONICS BILL OF MATERIAL (Continued)
DESCRIPTION ﬁzg;_ PART NO.
PC board Augat 12-0701
Isolators Mot. 4n33
Fan Pam.Motor 4666XP
CONNECTORS
ITT Cannon

ss3 boot 317-1398-000
ss3 grommet 351-1641-000
ss3p plug 120-1808-000"
ss3s recpt. 120-1805-000
ss4p plug 120-1809-000
ssbhs _ recpt. 120-1806-000
ss7p plug 120-1873-000
ss7s recpt. 120-1874-000
ss8p plug 120-1865-000
ss8s recpt. 120-1866-000
.ss9p plug 120-1867-000
ss9s recpt. 120-1868-000
ss10p plug 120-1869-000
ssl0s recpt. 120-1870-000

pins 030-2196-001

sockets 030-1267-001
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Table A-8 (Continued)
12-720

HELIOSTAT MANUAL CONTROL BOX BILL OF MATERIALS

PART NUMBER DESCRIPTION QUANTITY
: PER BOX
7404 1cl 1
555 1c2 1
6502 1C3 1
2716 OR 2758 1c4 1
6532 1C5 1
75110 1C6 1
cl CAPACITOR, 80 P£ 1
c2 CAPACITOR, 180 Pf, 1
c3, C4 CAPACITOR, 10 uf, 2
c5, Cé6 CAPACITOR, 3 uf 2
c7, C8 CAPACITOR, 2200 2
R1, R2 RESISTOR, 470 2
R3 RESISTOR, 4.7k 1
R4 RESISTOR, 10 k 1
R5,R6,R7,R8,R12  RESISTOR, 2.2 k 5
R9, R11 . RESISTOR, 220 .~ 2
s1,52,83,S4,S5 SWITCH 5
CRI DIODE BRIDGE 1
T1  TRANSFORMER 1
LM340T VOLTAGE REGULATOR, VR1 1
1LM320T VOLTAGE REGULATOR, VR2 1
X1 CRYSTAL, 1 MHZ 1

A-19



PART NUMBER

14 GAUGE

Table A-8 (Continued)

12-730

HELIOSTAT WIRE HARNESS BILL OF MATERIAL

QUANTITY
DESCRIPTION PER HELIOSTAT
STRANDED WIRE; INTRA-RACK © 22 FT
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PART NUMBER

14-7

14-7

18-8

22-8

16-3

22-4

Table A-8 (Continued)

12-740

HELIOSTAT WIRING DIAGRAM

DESCRIPTION

CABLE, TYPE SO NEOPRENE;
ELEVATION MOTOR

CABLE, TYPE SO NEOPRENE;
AZIMUTH MOTOR

CABLE, TYPE SO NEOPRENE;
SAFETY LIMIT SWITCH

CABLE, TYPE SO NEOPRENE;
LIMIT SWITCH

CABLE, TYPE SO NEOPRENE;
POWER SUPPLY

CABLE, 2 TWISTED SHIRLDED PAIR
TYPE SO NEOPRENE; DATA BUS

A-21

QUANTITY
PER HELIOSTAT

20 FT

15 FT

22 FT

22 FT

10 FT

10 FT



PART NUMBER

0750
0751

0751a

0752

0753

0753a

0753b

0754

0754a

0755

0756

Table A-8 (Continued)

12-750

-}
HELIOSTAT SYSTEM CONTROLLER EQUIPMENT

DESCRIPTION

HELTOSTAT CONTROLLER EQUIPMENT

PLOTTER; P/N 9872B
HEWLETT PACKARD, FORT COLLINS, CO

INTERFACE CABLE; P/N 98034A
HEWLETT PACKARD, FORT COLLINS, CO

TERMINAL/PRINTER; P/N 2621P
HEWLETT PACKARD, FORT COLLINS, CO.

EXPANDER; P/N 9878 I/0
HEWLETT PACKARD, FORT COLLINS, CO.

INTERFACE CABLE; P/N 98036A OPTION 001

HEWLETT PACKARD, FORT COLLINS, CO.

TIME CLOCK; P/N 98035A
HEWLETT PACKARD, FORT COLLINS, CO.

CALCULATOR; P/N 9825
HEWLETT PACKARD, FORT COLLINS, CO

INTERFACE CABLE; P/N 98036A (STD)
HEWLETT PACKARD, FORT COLLINS, CO.

DISK DRIVE; P/N 9885
HEWLETT PACKARD, FORT COLLINS, CO.

LINE VOLTAGE REGULATOR; P/N 70303
TOPAZ ELECTRONICS, SAN DIEGO, CA.

A-22

QUANTITY
PER FIELD

AS REQD

1



PART NUMBER

1488

1489

4N33

75108

75110
c1,c3,C5,C7
c2,C4,C6,C8
R1l, R4
R2,R3

R5
R6,R7,R8,R9
LM340T
LM320T

CR1, CR2

TRIAD F-112x

Table A-8 (Continued)

12-760

DRIVER CONTROLLER ASSEMBLY

DESCRIPTION

1C1
1C2

ISOLATOR IC3, IC4
1C5

106

CAPACITOR 3 uf
CAPACITOR, 2200
RESISTOR, 220 .~
RESISTOR, 470z
RESISTOR, 1K
RESISTOR, 200
VOLTAGE REGULATOR, VR2, VR3

VOLTAGE REGULATOR, VR1

DIODE BRIDGES

TRANSFORMER 1l4vct, T1, T2

A-23

QUANTITY
PER FIELD



9.2 Part Drawings (Subassemblies) (Appendix B)

Major subassemblies of the Northrup II heliostat include:
a. Northrup P/N 12-100 Mirror Module

b. Northrup P/N 12-200 Rack Truss

c. Winsmith P/N D-651137-2 Drive Unit

d. Bechtel P/N M-102 Pedestal

e. Northrup P/N 12-710 Control Electronics

f. Northrup P/N 12-750 System Controller Equipment

Portions of the drawings defining these subassemblies are included in

this section in the following order.

Figure
a. Mirror Module P/N 12-100 B1,B2,B3
b. Rack Structure P/N 12/200 B4
c. Drive Unit P/N D2 B5
d. Pedestal Pile Installation P/N M 102 B6
e. Control Electronics P/N 12-710 B7

f. System Controller Equipment P/N 12-750 B8

B-1



T-9 d3n914 LISY wisy aly "398 QIIWINDEAIY) © L3MNg (110 Jwo 92 | i ]
V.2 Do i i | q
4'INA0W YOYAIN ] BITIOS DenanrOn F3EA LON0 ¥4 MBIuvg vy 4 ' | iy wE i e 16 6w .u?.,..S_ _|
— 2300 fa2ens 37 23V D708 TS C
A re ' Apwrisv Javaas-Tes) — —B...., ﬂ

==

v ) : Pt A Tr Ve ¥y T W ALlY
\ AN . /an,.u.. v * ”.. 2] 1o lcuqm.ﬂ.-.fcx.«...lul -._:t.t..)ﬂ_ -

v
a |
L Ry a |woe | 161 Vet WD O IRy o] I = |vnol

N < - ) v2ee o tmaatad] .
VIl Ot 20Q = O{A-0-T3 w3 /ml\ ' \ — _
Ralsl B ahi) A8 Samy awag > - el — —
—et 37

Ve sOC Y W¥LRD m0.0.

e P L1Gw wasv IS Qraemawd | -
& ¢ a. = SV . Zicvolwos w ‘arsygans | _um5 _\
Ay —_—— v rgcren L 1
_ — SW LWiS® VINS EVWEe w YDl L o 1
e o ——— —— o —— e 4! oo ' Lz " per o erazr 43 ‘aaw U9
NIYLIwY awdy 3D U_, o < ooy sam - .oTu
LR RS RUTEY &4

= — - .| 3: S %y Ty - -

TINBOS DL < ~eChs 3933 L OV 4 954 to9 201 W4 Laarmre’ B0y e A2Y | o

QMDY = D) v
L _80 a7 an LS 2 QLN _ B!
| | ;s 7 3
PR IR I I TR O R 3 A L RS Sy 1

_| n |2 202 | 227 | 7 omigy i BrisInav 3333y S|
1 L 0me W
LM 11 I [l B [ ﬁIQ:I } N o

GG | I e fgeC Fvitena)y wedl |
q 1....uu._ IO | voen D b = INONME Yamitie _

"SIAGINGY IIVITY no MYV ~
VA W) I NURII M09 | o

'$3AIGINIY IWANLIONAG IO NOILY NIgaw

PITy . | 344 P~ DRG0 Oy OL WO HD | Mo g vl
' *l o e—— 3% §¢ o TY40 GR Y SERYSG AW Ik LIWITNOY ~iv; T R e
* — MNOLWY INIA Ay WEINS WO S INDLIC Tat™ PR I g e’y
%Ihl: LSMIBNLIVINNIS A0 CNOILITYD Y A P2 WO SV M Im I e LY
ul|ln -
‘SIMISINGY MIID T3 30 FOLYR I IIMNY . A0 N0y JuE ALY % dwad vt oy 0
2% w0 : IAISINGY AWINLIWBLSC INOIUG DN ATedw 2 By | Ter. deD B/ wd % Ti3ard | T e
' QL 3ov3d 118D anv 419 ISYIYY = iraae
T Walty 334 T Tvasmmaams (196 Tw9 a2 ~— MO I7W IA0WIP OL 5IIv3aNS TV NVINYE ! _ _
E TS L29W viisy wag ITIAS CUINAMews IR tL3ATS (120 ) o N2 n - oo [T | R
et G - awors ) S7. Tmee . 13 NILIALY 404 TenNer ¥D 0IRSIZEY .
- 3 s oG s BN — J?l”a.uo.u””..\.tau 5 5 J-uz.lo.n _..wwc“ur.ww.\.rmld Nﬂ.w)}ru;.:.ﬂ.v.. ... — !.r ' i
TN - DEO0T N Cron 300 N TAOZ v v 26 ' “1YwAN0d v 0009 IwMcie 01N . s o
> %2 5010 © QINTL3v 3 OL SB Vv dve ONw § 30 2] av H 0Ot s Dot e ey TVO
- | NOITY 0L $M1d L2497 B0/ANY Gavew vy 3Sn  f— | e AL DRSS H
: . > Wy W
@ LR R T B e A ~
_. w_ — #._Iv @ SSAMYA 11D 30 QINin IV IV No § 3903 M 1
— - — GBWHSG 1Y AVIIT Gy $ABOG 1 IA0mIS | al »2 2z A @wItey LNrOW 9P ] = _ov.o_ m
T A ..A:mw v (3411 . i
- -1 .--.q [ R A X ] 1SILON al = 1 IS vy s @iV s g R
ity 3% Foro w1 iy &b ¥ - 13022 xOVY O TAIM mwas aro 10 )
23703 TG wos 7y B W 2L b
. ru k1 ' AVJILSY IwvIS 3TN0 ~ —_—
i SA_ e T | 1675 vease M8 AVVeInav v _ _a:o_.
AVBW3ISSY INa0ow soadiw 0010 REDVR 'O P53 Cadwt TWiBINE pla \ ' | i
$
AT Inopacireh guas BITIW BINIswty P : .
B L IR VUL ROy ..-..n.u.uu vz 2 S0 T13Tvs BCE MY =) |
NIRA 3wrd oL @810 0y N
Miv IINTUCKY WO W Y ey e dbL adrx 2 L] Q313730 o i
Sl forer ey Waay Ta¥38 Sww (OO -
./ . o5 Moo v soin ~a (IG ) 4 4Ty | = leno !
- b} e J—
°= vy - 3 [ b A5 yveane:s awgdng swouywl = - Long _
__ N “ |
~ / A - 1 ;
4/ / 2 ' E AR IR ST et MR MO
(o I ot New TV e 3 W
/ 4 “ghery o)

TV TING T vwea, e e ¥ W)

ev v G LU 4 PN e O IITY

/7

T e TUEw wrany STl C v~ v ow) _ ll‘.
g . 4 bz 2 €% 139 5L P TR0 N5 S} g eIy 3 20 i
$339g b LIIT a3 ? A9y BnoraeAtw ]
— N3 13w 4, 8 Y i avct 220wy tamontaentrnom Y1) T e
NNOLULVIYVIGN BINBOD —
J, a*no Q ammaa] = | = |vod
/ I q Q10 ' Wing 1 J0w g WIN ) Ogw myuewY | Me H
/ // /\ld\)l .ln kit Tt L) ArnCe1e0)- veGg) Y00 v aad
P T IN 319 MOIEreaaY NI vl K
WJ | I (A ] 2 ! \wOws Jewy 1ONIGINOW WILNYI| < | = 80t
. -
= 4 Q23 -~ | - >z
ROIO WY BN @ @ o.-h..d..uu - - -
S0 R0IC 40 < 20.q @ 5 lu| _ 1 “_O.(
Bhin 339 Sh Lswimed @ it U haggry eore ) 4 20 2vncom gonaal —  — | — o010
Iwwm 30 wws ! Yo . < X
B s e (G G0 ot s o {(E50 e
ot b PERE LOID 30 CIWIING Nm.oJ ARt Bhd % NOUIH XIS KT BIION Lxed
/ >~y Uodadd

WEEM rep ML 10" Aneuv | LD &g




¢-9 =TANOId
dINAOW YOJIINW

(ALG130Y you NVIVEITRKY $IAN VIS Bwog )

. ANBWISSY IJNLINBLG LBOJANg - OB BIWE OO
213G M) 2anL $100° : .
(20 L) naa m.s.@ Mln..v ,-a.—il.v@

AVIees U e (20 €) 3m. $100" _ amnoav Vv a4
8 N H LS00 EE AvredS FNCWyy g noﬂﬂ LI T L
40 319G Wi wENIE Juve
9 DraNn YYD BOW BIWE YVRAS e
_ __l! dAL 33y ©'2L X asT ) \

T |

L i
QROAOBY WY dAL )
e

A332ng at.«.ﬂ“.ﬂ'a’h"“” @

c ’ IBNLEY ¢
RIP 30 39QT WM ANy ~ @ d43 (g%10 .

WWISEY Jawuas.ang AMGRITEY 3WVQove

e ——— e 43¥ %762

OLID 30 $I9M VI3 Viwagres © 3B Wkl

QILIWr0) AVANIGIY v ——a ax-au-30 1 Jpwq

1O NUA 2Wiipwl) GIRD1LY 3G OL ———a NOQ0Q : Omaly
. . QQ10-TH ¢ ~a

SWRIL "SMIMILAH T IML AEMARON . Wewe

. fgmirmovay
Qabiy v UL NAONE HOILYIOT BLYH IO Bed Y

OMIQHOS ¥WILIY QvI0 POLEILIVEWHD 301 rart W 1 HIIN reowd ¢

ot . .
703 g @ £ 20N ox.»o._-ow ek InsyvIn avin{ 1510 aoe 2 NINVG AR Invr gl MINBLS 30 evrise e
v vew § vauv 30 SON Y wia (305 92 \ ﬁ
¥/
T T R R R R R T Py e ==
Adain dj\ - . - ——— - n.c B
1
\ L}
. ¢ i — "
9 \ > M
1 ...
".l.iilluh" B R ) e Ay VI U JURp llhvn\n\..vﬂil\ul" SRR R e g L Ry R
. "
' hl
) 4
l 43y 00002 !
\ i
P n. 438009
" R T R R e R R T T S 2R S T R S I S S WA RS T I L N A N e e SIS S R ASSSTE R T
' h
! 000'vZ “_ 0002
|
ety . ] (e R R R A S R LR i = S LT S RSN = P“ ||||||||||||||||||| s
9 t N Y
N }
\ __
N ]
ooy . l
¢ ' Q._J
]
— .._.I.u..oullﬂilhﬂlllﬁﬂ.ﬁhlllllnr.ﬂaufl?llﬂaﬂlﬂ E T e e S e R L L= L R Iwh EX 2 R S S o 2 Y m
"
) ]
] "
. h .
"
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII W e e e —— e —
Yomms L= K R R LA B Rnd o= =gg=c AR R L AR R R T T R AR W e R e R T g S N S S S SIS T L I I T LR TR LIS
v '
; i
‘ __
' h
* ) "
R e o p— e e s e e e e e e o v S e
dAL anoe coo'y9
IS 3L wIeR3IG
IO I8 S Ty .
ey




10 PLaced

Fm o Tedd

144352

ML AANGES OF OB
ATEFENLR Tis 210

/\, NG PRimgh SR Pawet w TS AGAA, TYP.

(XY 2
v l | ™

M

_/

-~y

}L

. -—1 l.'—.!l [VYRN
X S PLAcEY

: ! > ||
| .
- [ A ey

€3O

B

==k

6D

ey
war YA

AnwzfQsY)
™S

®

20"
»

>

1)}

P

45°r3°x. %
4c¢ormers

o TArE YO O s 34"

CANTING BEND
fcag. T 4

o=

T .—-————I.G] CUTOUT Aot
ol AS Swewen,

AFTE®R AQUESIVE
.06 (0132 { 0183 HAS
Ty» ) Been AoPusD § Cuaxo

OVI0 Sus-STRATE ASSEMBLY

AMavun POl 1O CaMNTWMG, MLOow AouEhivE Yo
Curg ROk 18 MINUTES M BLE0AS CauTing

SeniE: Yy

@D

Sioes MY
ERLGPT wwerC
Selawend

Tve AL AROWID

MIRROR MODULE

FIGURE B-3



7-4 49N914

mm:m.ﬁ A0VH : , L MANIOF L337WIQ 93QVIM IRCOBY YTRY ‘G 3wD3Y S
ANIND GY Jrais "G3CIIN SV 4O -1IN0L Dy Atiwd OV
SINTLIBOIS BO/AMY SHMIYBAY "SAIN W03 2IVapret
. AR IISY WIYVE OOZO I 40 AVENISSV Twhnyg
. : . WIAIY ‘IAOGw Gy Lieivg vy BIwING AgAY QMY
. AR ITEY 0L NDBEL 0110 Ira wd AINVYY
LBFL RS D Qe FATAL Bead ROV 1120 UNY 2020 102D
20 LITJVINNG VW OL Arvivg L2120 240 3iWw0) (z)oma
. A8 G330 WIWiNd L0 40 LvOD (FI0enL AredY
R ) ey V382 30 Yo i LA
. v ‘4 otwe "B,
AewIsev »ive 00320 TV A0 B O4 SIVIBNE N D DL »o.ﬂ;..!l“.ﬁ

N
‘@IMOTVY 40N $1 DN LIAIY L 40g, TR

SIPOL INILIAT @O IS RAAF WD INOVRGAN-BIY

MAwrsAING QDAY F¥Ge IWWAING ANV DN

L2 A3y .dOd, “1OWaNn0D 3Ivauns 906D Jwnséy oL

Qo3 sv QnV arndites 36 OL SBIEWIW @Y 43700 ROV o1
222 TIg LANET QOY Sun¥IY 36 (WIFwidvd LAI M Diw,

Ini LSNIVOY G2NYCHT 38 GNV BIENIR 43I e dnl

’ (2029 38 3015 3n_ Ne 3iwms gvan 120133 Gmatannyisnl
N - Ve By n 4 S4BAL L A

eIV B39 $33@Wdie Nan R TR
‘AW LAD WO GheeindIvn

» noL% . IV N8 123D ARPRS IVY NVING O STUNE TV JAowIve
[ $3Ivg 2 163100
Qo3y »

10033vs avin(5220)

avand g0

wn
m [} |
v v m
4 QILIGWOD AW ISSY VG — AA-Bx-ux . Fiw)
1020 170N WatA DMILYVLS QINDSSY 39 08 ——= X 0OQQ 1 aNdIS .
O020-24 ¢ ey
SWRIL ' SrndLaK It afYRLEON Bave
$1Ovia T IOMNLAMOVIOY JuL ' ereOng ) J
Qo v Ic....‘.(us ..ruai.xao.bﬂlu”. .fu-.&l;dw.sw uﬂwz. I.S.-A.. *
MR Wi ) Al - 1314 Al L3 ——
I yeIn at!e et * e 1530 smns 2, o i [aeenlVd vai *wwrindn csenron 22val | ] 20
SY | 23 onim) Bamm pamt i 4% ¥e
R nredn| w1 PIF swdiedns emanen| 1
wa Frgarey v.lu.. ulcu ' [ 2266 g B3vens 9720
NOAVWTIVASNG 3IWEE S4OUD Ywleasr
e P - ] V-V NOiLI38 Q) it A L8A1 404 SBPD SIS -
. ™ M oA Rets D W ¥ VO !cﬂ..u:.u $120
lewree) OLYINS A LBASE 404 ' 80D YRLN
/ A4 z $9-Ch Beta h..-uan- wo'X Y 220,
QWIDISY WIsY O 111 Yaa g 8RR SGL 20
A . 9 2 ! 12304, IrbIOL - g'd vao
> - . }
TUS 396V huSY 0'6E Y0 82 1 040"
S13811 S302) 40 WHINII Aunt L] » 2 ; - _-~o
iy AT ABAN “Srerg L318G MLV 430k | _ AAn2vad 1h0wenE 2374 WONG
. . ERM 34.8.:.a 31 miong Q 2 ' VIS AV WISy 091409 A ¥ lizzo
2 NMOUNENDIANOI) N ro] 99 £ 29w - -
_ ING QR 9N D37 5 wIwR OL T 12XV HICL Wb !
v X WIYE 43I9R $5083 rorIsed 2 " A~QwItsY 2901 3ebyor | — | —|ozz0
Lt —
- 3\ \
‘LINIVEG LWO0GdNSE AVIVIISSY A0, aun -
obyas ..ﬁn..w.vuma) nuwa—,on ..Oauao:am._nnoo .uoorwnana..rﬂ. a “ b u
AJIGNE QY ANQw 38 4 PO Al ) L1 1] 2l1% 1]
V g ol 3w 9 Q™A feemy,
- OV 'ALD Sebnewn 02 Dake BN
\ _ . ANINHINLLY BGOL INDROL VWIGAL 210 \ TR Tn o N/ fRervene aafime 1120
-4 NOILIIS
g - . 9-9 v T AMBWISSY SSNBL | — | — (0120
— 20, 990md voLM0R ELLT-TY (L1vag i 3gnq)
@ jYam .Jm
tot 1 = ——
P verna v o' - -
_n(a
. ' TS VEV WSy D) w2l 1
EH—“ EIA 133wwe %207 1enus roz0
BV Orwng 18vav ‘S310N T Q ? » | Y18 iy sy N g e ¥ — | — |i1020]
R ’ 3IWE0 $30W) LSAma
’ z Avewissy »avaf — | - | —
Sl d
, ¥3g NOLLaWIC I BISWNN Lawd




G-4 HYNO1A
IINO FATNQ

A~

FF 172

b wch!awL

2 opp—

B-6



LEVELLING 70 REQUIRED TOLERENCE
IS 1S ACRIEVED BY THE RELATIVE ROTATION OF
- TAPERED EEVELLING SHIMS

REF 5-101
TACK WELD AFTER LEVELLING o
OPERATION HAS BEEN COMPLETED >_"'_TT‘"'
’ i
/ ! “
~ l R >\\ :.‘("VQ
R M-103-1 TAPERED __
AEVELLING SHIM
e _ 2-REQUIRED -

BOLTS INSERTED IN HOLES IN SHIMS! .
TO FACILITATE SHIM ROTATION .

REF S-101, Lﬁ
- P : ) '
,w)' . ¢
\ ! //
ENLARGED viEw A- A
SCALE: {"
|
FIGURE B--6'=
Pedestal Pile Installation
REVISION 4

CHANGED: (a)

&

«

-4
A 18 58NS

HELIOSTAT OR IVE ASSEMBLY
NORTHRUP INC. DWG NO. 12-00
SEE NOTE 7
NOTES :

A A 1. LEVEL SHIMS PER INSTRUCTIONS IN PILE DR IVING

SPECIFICATION § - 101
oy ¥

A 2. PULE MUST BE PLUMB WITHINZ'S (2.137 IN 1283}

3. ELEVATION OF SLANGE SHALL NOT DEVIATE FROM
DIMENS ION SHOWN BY MORE THAN 2

. & ELECTRONIC PACKAGE OPENING SHALL 85 OR IENTED
TOFACE AWAY FROM TOWER

/ S PILE SHALL BE DRIVEN PER PILE DR IVING $PECIFICAT IO
-0
/N 6 BLECTRONIC PACKAGE COVR DWG . M 1045 spaqy
BE INSTALLED WHTH AL BOLTS TIGHTENED WHEN PILE
1S DRIVEN
_ ) 7. HELIOSTAT DR IVE ASSEMBLY FLANGE 10 BE SECURED WiTH
N !g%':‘l’r:‘['c- 12, 5/8 - 11 UNC CL2 SELF LOCK ING WUTS AND FLAT WASHERS.
A NN SUSSEQUENT 10 PILE PLACEMENT, ELECTRONIC PACKAGE
SEE NOTES (NCRTHRUP INC. DWG NO, 12-&0 ) SKALL BE INSTALLED
AA N6 916 260M 117 CL20 BOLTS WITA FUAY
0, WASHIRS SUBSEQUINT TO ORIVING PHE.

9. DIMENS [ONS ARE IN INCHES

M - 101 HELIOSTAT PILE ASSEMBLY — -

e TACK WELD AFTER LEVELLING
T i< oreration was BEEN COMPLETED

Lo (L

.28 258" IN 19 TO

...FLAT WASHER. 70 ... AAT
WASHER SUBSEQUENT TO DRIVING PILE,
PILE HEIGHT FROM 135 TO 134.8
OELETED: NOTE 8. (FOLERANCE. X+ .)00}

ADDED:  NOTE 11,

10 WELD PER AWS D 1. ) STRUCTURAL WELDING CODE

AN 11, REMOVE M-104-3 PLYWDOD FLANGE COVER AND AITACN
: M-104-1 DRIVING STUS PRIOR TO DRIVING PILE.

.

A HOLDS REMOVED
TACK WELDS WERE ON 0.0. OF SHIMS

«3yr| REVISIONS NOTED L a3

Ininea] PILE HEIGHT WAS 129 |
I | 28UNFat WAS IBUNC 1} | "

pemcemammec—o - emmomebocan-

- \Lr‘..
+
{
ES
>

Vys| REVISIONS NOTED A

hv2iaq 1SSUED FOR FABRICATION e

wms NOTED | moremer [ =D

'BPPPBPE

A~ ~

BECHTEL

. SAN FRANCISCO

INSTALLED PHLE

TSOME 1T T SECOND GENERATION HELIOS TAT DEVELOPMENT

HELIOSTAT PILE INSTALLATION

. 200 Ne. DaawIHE Mo v,
1353 M-02 4
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9.3 ASSEMBLY DRAWINGS, HELIOSTAT (APPENDIX C)

Table C-1 provides a complete list of the drawings required for the
Northrup II heliostat. Figure C-1 presents the_Northrup IT heliostat top-

level assembly drawing.

Figure C-2 presents>a perspective rendering of the frontside view
of the Northrup heliostat. Even though the heliostat only contains 12
mirror modules, the frontal.view gives a 24 module appearance because each
mirror module contains two mirror facets.

The design goal was to provide a near-continuous mirrored surface
with minimal void or blockage area. The total envelope area is 590.7 ftz.
> The mirror module edge seal, center seal; and between~mirror spaces reduce
this to a net reflective area of 568 ftz. Hence, the area-usage efficiency

is 967%.

9.3.2 Heliostat Backside View

Figure C-3 presents a perspective view of the backside of the
Northrup heliostat. Key features include the 4 relatively deep Butler
truss members, the Winsmith 2-axis drive unit, and the two interconnecting
torque tubes. Each mirror module is attached to the top chord of the
trusses using a 3-point attachment pattern. The mirror modules are
cantilevered out-board from the truss envelope on the top, bottom, and
sides to reduce the truss and torque tube lengths. Twelve cross-brace
members are installed in 8 places to rigidize the assembly (a pair of criss-
cross braces are used in 4 of these places). These braces also serve as
an added measure of protection to resist the tendency of the truss

compression chord to deflect laterally sideways under load.

The pedestal is actually a one-piece pile which is driven in
place by a vibratory hammer. A flange at the top of the pedestal
serves as the drive interface. A pair of tapered, gasket-like shims
are used on the pedestal flange to correct for any pile or flange
misalignment. By selectively rotating these shims, a true-horizontal

mounting plane can be established.



TABLE C-1

DRAWING LIST

NORTHRUP II1 SECOND GENERATION HELIOSTAT

DRAWING
NUMBER

12-010
12-100
12-200
12-300

PS12-301

D-651137-2

- 12-400
12-500 .
M-101
M-102
M-103
M-104
M-105
12-600
12-700
12-710
12-720
12-730
12-740
12-750

12-760

TITLE

NORTHRUP II HELIOSTAT ASSEMBLY
MIRROR MODULE ASSEMBLY

RACK TRUSS ASSEMBLY

DRIVE UNIT ASSEMBLY

PROCUREMENT SPEC-DRIVE UNIT,
SOLAR HELIOSTAT

AZIMUTH & ELEVATION DRIVE ASSEMBLY
ELECTRONICS RACK ASSEMBLY

PEDESTAL ASSEMBLY

" HELIOSTAT PILE ASSEMBLY

HELIOSTAT PILE INSTALLATION
TAPERED LEVELING SHIM

PILE DRIVING ATTACHMENTS
ELECTRONIC PACKAGE OPENING FLANGE.
HELIOSTAT LIMIT SWITCH

HELIOSTAT ELECTRONICS

HELIOSTAT CONTROL ELECTRONICS
HELIOSTAT MANUAL CONTROL BOX
HELIOSTAT ELECTRICAL CABLING

HELIOSTAT WIRING DIAGRAM

HELIOSTAT SYSTEM CONTROLLER EQUIPMENT

DRIVER CONTROLLER ASSEMBLY
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9.3.3 Heliostat Assembly and Installation

Paragraphs 6.2 and 6.3 provide a detailed discussion
of the on-site heliostat assembly and installation. The following is
a brief synopsis of that discussion:

a. The heliostat field site is cleared, grubbed,
and graded. A spiral-welded steel pipe serves as an integral foundation
and pedestal. Vibratory hammers are used to drive the piles in place.
The vibratory technique can drive the low displacement piles extremely
rapidly into silty sand or gravel soils.

b. After pile driving, the top flange of the pedestal
is corrected to a true-horizontal plane by the installation of a pair
of tapered shims. The shims are tack-welded to the flange after
alignment to fix the relative rotational position while awaiting the
heliostat installationm.

c. The heliostat piece parts are delivered by truck
to the site assembly building. The site assembly building would
likely consist of a permanent section (which would become a mainten-
ance shop after completion of the heliostat assemblies), and a temporary
section which could be disassembled and moved to another construction
site.

d. The heliostat rack structure is assembled in 2
identical half-sections. Two truss units and a torque tube arekfet-up
in a mechanical fixture which controls truss spacing and the relative
alignment between the trusses and with the torque tube. The torque
tube contains two factory-welded plates which interface with the
trusses. These plates are then welded to the top and bottom truss
chords, and tack-welded to the web tubing. )

e. The next step in the rack half-section assembly
is to install the 6 cross-brace members, 2 of which are laterals
between adjacent truss bottom chords, and 4 of which are criss-crossed
from the top chord of one truss to the bottom chord of the adjacent

truss. These cross-brace angles are installed by riveting.

c-6



f. Two rack half-section assemblies are brought together
and assembled to a drive unit. The connection is made by bolting the

torque tube flanges to the drive unit.
g. The twelve mirror modules are installed on the

assembled racks. The desired canting is accomplished at this time. This

operation completes the heliostat subassembly.
h. The assembled heliostat is transported to the

pedestal and installed by bolting the mating flanges together.



9.4 TRADE STUDIES (APPENDIX D)

The following discussion presents the trade studies
that were performed in the course of the design progression which lead

to the current configuration.

9.4.1. Mirror Module Trade Study

The mirror module configuration initially proposed
consisted of an adhesively bonded 2.39 mm (0.094 inch) thick glass mirror,
a 25.4 mm (1.0 inch) thick layer of Styrofoam, and a 0.48 mm (0.019 inch)
thick backing sheet of galvanized steel formed into a pan-shape to
completely enclose the styrofoam core. A thermal deflection analysis
of this configuration was performed using the tri-composite analysis
described in para 9.5.3.2. The deflection and curvature equations
from this analysis have been combined with the appropriate stress
equations, and with a thermal analyzer model into the computer
model named "MMOD'". This program is used to evaluate mirror module
candidates. Output includes the temperatures through the composite,
stress levels for each layer of thé composite, and the resultant
concave or convex radius of curvatufé. Pre-curvatures can be
input, material thicknesses and properties can be varied, and the

effects of dirty glass and wind convection can be evaluated.

Table D-1 presents the results of a 'MMOD"
analysis for the originallf’proposed mirror module configuration
described above. It should be noted that the radius of curvature
results are independent of facet size or shape, but the maximum
deflection values are for a 1.22 x 1.22 m (4.0 x 4.0 ft) mirror module.

The curvature is a function of the glass absorptivity,
the heat flux on the mirror (Q x cos 8), and the wind convection
coefficient. The clean glass reflectivity was assumed to be 877 with
the 13%7 reflectivity loss being attributed to diffuse scattering (5%) and
mirror absorption (8%). For the dirty glass cases, the absorption
was increased to 127. Temperature limits were 32°F to 122°F, wind

convection coefficients from 1.0 to 2.5 BTU/ftz—hr-oF (0-27 mph wind),

D-1



TABLE D-1

MIRROR MODULE ALTERNATE -~ THERMAL CURVATURE

PRAARNPSENEA ARA,

p—

.094" mirror

‘P——1.0" Styrofoam

TS~ .019" steel

Envi Yonmev\'}o '

I. Tamy = 332°F s Vwing
T Owmph, Clean qu::,
Qcos © = 340

| Cov\ul!‘-HgE

M

Initial Shape

Initial Shape

’

: §= , o4y’
&=~ 0.0" ~—— e —
i
R = oo R = 580
e ——r
S=,0006"

T

R= ¢70’ Convex

ir—*-__/

® = ‘-130(7' Concave

2. Temk = 122°F, Vwind
=Omph, Cleqwn Glass,
Gcos © = 340

l:s.oaqs"

R= 988' Concave
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3, Temk = 33°F ) Viuind
=TI mﬁkj Clean Glasy,
Qcos 6= V00O

/14

—
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Yy e Tomb = |2'3~.F \ Vi rnd
* N mph, Clean Glass,

&= .cai5”

\4_____/—'L

R= ’7L3I Concave

6. Tuwb 2 122°F , Vuiad
* Omph, Dirty Glass,
Qecog © = 340

\T_/———-i

’
R 1212 Concave

Qcas ® = 1oo : 234 concave
s . odm” S=0"
S.an\h a 32°F Vw‘h_; /‘J\ J
3 3 ‘_____—_
= Dmrk)Viv‘h, Glass L
Reos © = INo . R= 580’ Convex R: e Flat
& .o0vag’ & =.063"

R= 3%1’ concoave
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— i

\1__/ ’

R= qgge ! Concove

- ‘ \‘-—/
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Reos © = 100 R= 863 Convex Rx }q(,g'c_,hc,vg
§=.0305" S z.oma’”

‘\—_JT_/

¢
R= 324 Cowncove
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and heliostat-~normal solar flux from 100-340 BTU/ftz-hr. Two cases are
presented; the first shows the glass curvature resulting from an initially
flat shape, and the second case incorporates an initial curvature

which precludes any subsequent convex shaping.

Paragraph 9.5.3.lvprovides a derivation of the
optical effect of both convex and concave curvature radii in terms of
a milliradian fringe. For a 1.22 x 1.22 m (4.0 x 4.0 ft) mirror
module at a slant range of 762 m (2500 ft), the worst-case convex
and concave curvatures shown in Table D-1 for the originally proposed

mirror module correspond to the following fringe angles:

R = 763 ft concave, fringe = 3.64 mrad

R 6.90 mradr

With a pre-deflection formed into the mirror module during fabrication,

580 ft convex, fringe

the convex curvature can be avoided. For this case the resultant worst

concave curvature is:

R = 329 ft concave, fringe = 10.56 mrad. 1In
either case, the fringe error was excessive, and a mirror module

configuration change was necessary.

Table D-2 presents the results of a "MMOD'
analysis for the same basic concept, except the Strofoam thickness
is increased to 76.2 mm (3.0 inches). The worst case convex and concave

curvatures and fringe angles with no pre-deflection are:

R= 2113' ft concave, fringe = 0.29 mrad
R = 1473 ft convex, fringe = 2.7Z mrad
The convex cases can be precluded by pre-curving the module during

fabrication. For this case the worst concave curvature is:
R = 868 ft concave, fringe = 3.01 mrad

Again, this curvature is considered unacceptable
even though the thicker Styrofoam does improve the performance. It should
be noted that the fringe angle error is a function of slant range. The
values computed above are for the maximum range of 762 m (2500 ft).
If this range were reduced to 265 m (870 ft), the 3.01 mrad fringe

error would be reduced to zero. So, the concept is not unacceptable in

D-3



TABLE D-2

MIRROR MODULE ALTERNATE - THERMAL CURVATURE
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the general sense, but is application-dependent. However, the cost of
this configuration is also quite high at $24.86/1n2 (2.3l/ft2).

Hence, this configuration was abandoned.

To reduce the thermal curvature effect, a thermally-
stabilized configuration was next examined. This concept again utilized
the Styrofoam core, but identical facing sheets of steel, aluminum,
or fiherglass are employed to maintain '"thermal flatness'. The mirror
is not continuously bonded to this resultant substrate, but instead
is only bonded in a small central zone and at the edges using a soft
compliant adhesive. This permits the mirror to expand or contract
freely and independent of the stabilized substrate. Table D-3 shows
the curvature performance for 2" Styrofoam with steel facing sheets
for a 1.83 x 1.83 m (6.0 x 6.0 ft) mirror module at temperatures
from 32 to 122°F, heat fluxes from 100 to 340 BTU/ft’-hr, and wind
speeds from O to 27 mph. Both clear glass and dirty glass cases are
examined, as are flat-fabéication and pre-curved configurations.

It will be noted that a considerable improvement in performance
accompanies the stabilized steel configuration versus the

unstabilized steel configuration discussed earlier. The worst thermally
induced fringe angle is only 1.56 mréd for the low flux, high wind

case, and 0.36 mrad for the high flux, no wind case.

In addition to the steel-foam-steel substrate
configuration described above, similar thermally stabilized configuratiomns
were examined using 0.64 mm (.025 inch) thick aluminum sheets, and
0.94 mm (0.37 inch) thick fiberglass sheets. The goal of this trade-off
study was to lower the weight. In addition, the Styrofoam thickness
was reduced to 38.1 mm (1.5 inches) to reduce cost, and the mirror module
size was increased to 1.83 x 1.83 m (6.0 ft x 6.0 ft) to reduce the number
of modules required per heliostat. Table D-4 presents the performance
comparison for the stegl, alﬁminum, and fiberglass alternates with this

new size and thickness.

Even though the steel alternate offered the
lowest cost and best performance, the aluminum alternate was very

close and provided a 223kg (490 1b) weight advantage. Hence, at this point in



TABLE D-3

ENVIRONMENTAL PERFORMANCE
STEEL -~ FOAM-STEE\. SUBSTRATE ' FOR MIRROR SUPPORT
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TABLE D -1

MIRROR MODULES , OPTIONS & PERFORMANCE

.0ay" GLASS .0ay "GLASS .094° GLASS
ol9"sTEEL 025 "ALuMINuM | 037" FIBERGLASS
PRARAMETER 1.5”STYROFOAM | 1,5 “STYROFOAM 1.5“STYRoFoAM
019" STEE 025”ALuMmiINuUM_| 032" FIBERGLASS |
\. COST 6F MATERIALS ¥ 14oq $ 1189 $1631
Z.TOTAL WEIGHT 1851 LB 13¢1 L8 laax LB
3. GRAVITY MOMENT 7224 FT-LB | 5591 FT-L8 | 5127 FT-LB
* | ,
4., RADIUS OF CURVATURE [+2880 — oo +Hiuul ' —» oo + 1195 —» oo
' [
5, WIND ¢ WEIGHT PEFLEQ, -
A.FRCET, AVG 0.133 MRAD 0.302 MRAD L4394 MRAD
8. BERM | AVG I 096 .0%0
C. TORQUE TUBE , AVG 246 . 647 620
D. TOTAL , AVG 0.993 MRAD 1.045 MRAD &:.\44 MRAD
¢.WIND € WEXIGHT DEFLEC. \ :
A. FRCET , MAX 0:2176 MRAD 0.625 MRAD X.968 MRap
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time the aluminum-Styrofoam-aluminum configuration was selected.

However, the alternate-candidate search was céntinued primarily due

to the relatively high cost of the basic Styrofoam-based composites.

The favored configuration at this point exhibited a unit cost of $27.77/m2
($2.58/ft2), and a goal was established to lower this to $20/m2

(s1.86 ftz) or less.

At this point the concept of using a thin layer
of silicone grease as a mirror "adhesive" was introduced. This concept
is a general one, and a wide range of substrates may be used with it,
including those based on intermittent supports such as the longitudinal
stringer approach. The reason for this is that the grease permits
shearing motion for slow-acting phenomenon such as thermal expansion
or contraction and flexural bending. -However, for fast-acting phenomenon
such as hail impact, the viscous grease permits .the load to be transferred
to the steel facing sheet. Therefore, continuous support, such as that
offered by a Styrofoam core, is no longer required. However, to
establish an economic-optimum design, a variety of substrates were
examined. These included a tensioned, single-sheet panel (Figure D-1),
an expanded high-impact polystyrene core (Figure D-2), a polystyrene

bead board core (Figure D-3), and the steel stringer approach (Figure D-4).

A detailed weight and material cost analysis .
was performed for each of these candidate substrates in a 1.22 x 1.22 m
(4.0 x 12.0 ft) module size. The larger module size was selected to
minimize installation and alignment cost. Tables D-5 through D-8
present the results of this weight and material cost analysis. The
conclusion is that the stringer approach results in a minimum material
cost. The reason that this design is low cost is best explained by
Table D-9. It showé that the major cost difference lies between the
two sheets of the substrates. The "C-stringers'" used in this core

are less than one-half the cost of the nearest competitor.
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FIGURE D~2

NOR-CORE MIRROR MODULE ALTERNATE

,019" Face Sheet - galvanized steel

Expanded High Impact Polystyrene *

.019" Back Sheet-galvanized steel

_ADHESIVELY BONDED COMPOSITE

* NOR-CORE is a product of the Norfield Mfg; Co., Danbury, Conn
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FIGURE D-3

ARCO DYLITE BEAD-BOARD MIRROR MODULE

l//~—n.019" Face-sheet, galv. steel

: Expanded polystyrene bead-board®

oS
. 4"‘{:'.' .
Gt .019'" Back sheet, galv. steel
v, R .o-"
%, / ANy

TR ) A0,

3t PRI KA/
. '.".: H '.; PR Kt

< 5 % ..

: it

ADHESIVELY BONDED COMPOSITE .

* DYLITE is a product of ARCO Polymers, Inc., Monaca, Penn.
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4' x 12':

TABLE D-5

TENSIONED PANEL ALTERNATE

MIRROR MODULE MATERIAL WEIGHT & COST

$

Piece Part Size or Quantity Weight, 1b Cost
Description Per Module Module | Heliostat Module-Tﬁeliostat
Face Sheet - galv. steel 1-.019 x 48x142,5" 37.10 445.2 13.96| 167.53
U - Channel, horizontal 2-1/8x7/8x23/4x144.3" 38.48 461.8 12.39| 148.70
U - Channel, vertical 2-1/8x7/8x23/4x48" 12.80 153.6 4.12 49.46
U « Tensioner, horizontal 2-1/8x3/4x13/16x144.3 24,05 288.6 7.74 92.92
U ~ Tensioner, Vertical 2-1/8x3/4x13/16x48" 8.00 96.0 2.58 30.91
U -~ Channel Spreaders 3-1/8x7/8x23/4x453/4" 18.30 219.6 5.89 70.71
Support bracket T-fitting 6-0.261b each 1.55 18.56 0.50 5.98
Corner fittings 4-0.23 1b each 0.92 11.04 0.30 3.55
Cap Screws’ 82-3/8f16NCx11/8" 3.28 39.36 5.74 68.88
Center Seal - EPDM (Assume same

Edge Seal - EPDM cost & weight 1.82 21.9 6.54 78.32
Center Brace

Contact Adhesive

Mirror Facets 2 -44"x70" 52.67 632.0 24,381 292.60
Silicone Grease 10.7 oz 0.66 8.0 6.35 76.25
Rivets for Nut Plates 8-1/8Dx3/16 G.L. 0.02 0.2 0.05 0.58
Screws for Center Seal 24-(6-32) 0.75 9.0 0.36 4.32
Nut Plates 4-3/8"nut 0.06 0.7 3.56 42,70
TOTALS 200.46 | 2405.6 $94.46 181133.51
MIRROR AREA 428 513 4Ft2

MATERIAL COST PER FT

2

$2.21
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TABLE D-6

4' x 12': NOR-CORE ALTERNATE

MIRR ST
Piece Part Size or Quantity Weight, 1b Cost.$
Description Per Module Module |[Heliostat]|Module |Heliostat
Face Sheet-galv. steel 1-.019 x 48x1441/4" 37.55 450.6 $14.13 $169.56
Back Sheet-galv. steel 1-.019x48x1441/4" 37.55 450.6 14,13 169.56
Nor-Core Honeycgmb* 1-3"x47x1431/4 57.60 691.2 23.04 276.48
Adhesive (400ft</gal) 2 layers-0.12gal/layer 2.0 24.0 8.40 100.80
Side Frame - "C" 2-.019x4x47" | 2.06 | 24.5 0.77 9.21
Edge Frame - '"C" 2-.019x4x143.3" 6.22 74.6 2.34) - 28.05
Attachment Angles 4-1/8x1x1x42" 11.20 134.4 3.61 43,32
Handling Angle 1-1/8x1x1x34" 2.27 27.2 0.73 8.77
Center Brace 1-1/8x3/4x49.5" 1.32 15.8 0.43 5.09
Center Seal - EPDM 1-48" 0.06 0.7 0.47 5.62
Edge Seal- EPDM 1-383" 0.38 4.6 5.57 66.82
Contact Adhesive 1 oz 0.06 0.8 0.07 0.79
Rivets 29-1/8Dx3/16 GL.. 0.09 1.11 0.17 2.07
Screws 24-(6-32) 0.75 9.0 0.36 4,32
Nut Plates 4-3/8"nut 0.06 0.7 3.56 42.70
Mirror Facets 2-48" x 72" 59.1 709.2 27.36 328.32
Silicone Grease 12 oz 0.75 9.0 7.13 85.56
TOTAL 219.01b1| 26281b 3112-2Z_ EL
MIRROR AREA 48 ft 516ft
MATERIAL COST/Eft2 $2.34

* 3" thick, 1.21b/ft2, $0.48/f£t2
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4' x 12°'.

TABLE D~7

POLYSTYRENE BEAD BOARD {ARCO "DYLITE') ALTERNATE

MIRROR MODULE MATERTAL WEIGHT & COST

Piece Part Size or Quantity Weight, 1b Cost.$
Description Per Module Module |Heliostat|{Module |Heliostat
Face sheet-galv. steel 1-.019x48x1441/4" 37.55 450.6 || $14.13| $169.56
Back Sheet-galv. steel 1-.019x48x1441/4" 37.55 450.6 14.13 169.56
Polystyrene Bead,Board 1-3"x47x143% 23.38 280.5 11.22 134.66
Adhesive (400 ft“/gal) 2 layers-0.12 gal/layer} 2.0 24.0 8.40 100.80
Side Frame - '"C" 2-.019 x 4 x 47" 2.04 24.5 0.77 9.21
Edge Frame - "C" 2-.019 x 4 x 143.3" 6.22 74.6 2.34 28.05
Attachment Angles 4-1/8x1x1x42" 11.20 134.4 3.61 43,32
Handling Angle 1-1/8x1x1x34" 2.27 27.2 0.73 8.77
Center Brace 1-1/8x3/4x49.5" 1.32 15.8 0.43 5.09
Center Seal EPDM 1-48" 0.06 0.7 0.47 5.62
Edge Seal - EPDM 1-383" 0.38 4.6 5.57 1 66.82
Contact Adhesive 1 oz 0.06 0.8 0.07 0.79
Rivets 29-1/8D x 3/16 G.L 0.09 1.1 0.17 2.07
Screws 24 -(6-32) 0.75 9:0 0.36 4,32
Nut Plates 4- 3/8"Nut 0.06 0.7 3.56 42,70
Mirror Facets 2-48"x72" 59.1 709.2 27.36 328.32
Silicone Grease 12 oz ' 0.75 9.0 7.13 85.56
TOTALS 184.78 2217.3 }|$100.45| $1205.40
_ MIRROR AREA 48£e2 | 576£c>
MATERIAL COST PER FT% $2.09
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MIRROR MODULE MATERIAL WEIGHT & COST'

TABLE D-8

4' X 12' INTERMITTANT STRINGER ALTERNATE

Piece Part Size or Quantity Weight, 1b Cost, $
Description Per Module Module [Heliostat |[Module [Heliostat
Face Sheet - galv. steel 1 - .019 x 48 x 144.25"| 37.55] 450.6 14.13 | 169.56
Back Sheet - galv. steel 1 - .019 x 48 x 144.25"| 37.55] 450.6 14.13 | 169.56
Horizontal Webs-galv. steel |5 - 019 x 4 x 143.25" 15.54| 186.5 5.85 | 70.16
Structural Adhesive 6 oz , 0.38 4.5 1.046 | 12.45
Torque Box Frame 1 - .019 x 4 x 384" 8.33{ 100.0 3.13| 37.62
Attachment Angles 2 -1/8x1x 1x 47" 6.27| 75.2 2.02{ 24.21
Mirror Facets 2 - 48" x 72" 59.1 709.2 27.36 | 328.32
Silicone Grease 12 oz 0.75 9.0 7.13 85.56
Center Brace 1 -1/8 x 3/4 x 49.5" 1.32| 15.8 0.43| 5.09
Center Seal - EPDM 1 - 48" 0.06 0.7 0,47 5,62
Edge Seal - EPDM 1-383" 0,38 4.6 5.57 | 66,82
Contact Adhesive 1l oz. 0,06 0.8 0.07 0.79
Rivets 8 - 1/8 D x 3/16 G. L. 0.03 0.3 0.05 0.58
Screws 2 - (6-32) 0,06 0.8 0,03 0,36
Nut Plates 4 - 3/8" 0.06 0.8 3.56 | 42.70
TOTAL 167.44 1 2009.4 | $84.,97 1$1019.40
MIRROR AREA 48 £t2| 576 f£r2
MATERIAL COST PER FT.Z $1.77




TABLr D-9

'""BETWEEN-THE-SHEETS'" COMPARISON

LT~-a

"C_- WEB" BASELINE - TENSIONED PANEL

Piece Part Current Simplified Piece Part ' Cost
Vertical Webs.... $7.29 $3.13 U-Channels.....oceveeenneens $16.51
Horizontal Webs.. 2.34 5.85 U-Tensioners......ceeeveeeeee 10.32
Adhesive......... 1.56 1.04 U-Spreader ......co0vevvunns 5.89
Corner Braces.... 0.03 0  BracketS.,....ecieenvnnccncns 0.80
Rivets. ....... ... 0.41 0.05 SCTreWS..vicoeeeorens cereeeee 5,74
TOTAL COST....... $11.63 $10.07 Back Sheet........... veeee..=13.96

2 9 : Attachment Angles,...,...... =4.34
Mirror Area...... 48ft 48ft TOTAL COST........... e .520.96
Cost/ft2 ......... 24.2¢ 21.0¢ ~—ro Mirror Area 42.8ft2

Cost/ft2 49.0¢ —-—
NOR-~CORE PANEL BEAD BOARD PANEIL,
Piece Part —Cost Piece Part Cost
Nor-Core Honeycomb....... $23.04 Bead Board ....... e c....811,22
Adhesive.....c.vivvvennns 8.40 Adhesive......... e e ee e 8.40
Side Frame............v.. 3.11 Side Frame .......c000evenn. 3.11
RiVEES . v v v i et ie s vnnnsne 0.17 RivetS. ..o.ooesou.eo. e e e se s 0.17
.12 | TOTAL COST......vveeeeeoenn 22.90

Mirror Area........coev.. 4L8ft2 Mirror Area.............. ; 48ft2
Cost/£t% ........ e 72.3¢ ~— Cost/£62. .. iivinn.. .. ceene 4778




9.4.2. Rack Structure Alternates

Figure D-5 illustrates the original rack structure
design for the Northrup II heliostat. This structure was based on the
use of 6 tapered trusses, each of which was 8.5 m (28 ft) long, and
weighed 80 kg (175 1b). The construction of these truss members was
based on using steel angles and solid rod webbing. The chord angles
were 38 x 38 x 3 mm (1.5 x 1.5 x 0.125 inch), and the rod webs were
12.7mm (0.5 inch). The truss members tapered from 0.2 m (0.67 ft)
at the ends to 0.5 m (1.67 ft) at the center. The top and bottom
chords were constructed from 2 angles each with the zig-zag webbing
sandwiched and welded in-between. The bend-resisting inertia for this
4 (18.8 ina) at the shallow end to
5514 cm4 (132.5 in4) in the middle. The total weight for the 6 trusses

configuration varied from 783 cm

was 477 kg (1050 1b). By way of direct comparison, the current truss
4 (249 in4),
and has the total weight for the 4 trusses of 208 kg (456 1b).

configuration provides a bend-resisting inertia of 10364 cm

The path which led to the current Butler Manufacturing
Co. truss selection, and the 4-truss configuration was governed by the
following considerations:

1. The drive unit is relatively large in terms
of azimuth-swing radius. To avoid an off-set torque tube-to-drive
unit interface, it was considered a desireable feature to be able
to contain the drive within the truss-depth envelope. This factor
dictated a deep truss.

2. 1If the web "zig-zag" angles are maintained at
a constant angle (usually 60°) as the truss depth is increased, the
truss weight remains unchanged; i.e., a deep truss will weigh the same
as a shallow truss. Since the beam stiffness increases with the
squaré of the truss depth, the deeper truss is considerably less
expensive per unit of stiffness. A

3. As the truss depth is increased, the web
rod length increases, and the tendency for column buckling increases.

However, a change from a 0.5 inch diameter solid rod to a 1.0 inch

D-18
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diameter hollow tube of the same weight increases the bucklingAresistance
by a factor of 7.

4. As the truss depth is increased, the compression
chord of the truss tends to buckle horizontally sideways. This phenomenon
dictates the addition of cross-bracing between trusses. However, the
Butler truss chord provides about 2.5 times the transverse inertia of the
dual-angle chord originally planned with the expenditure of less material,
so fewer cross-braces are required.

5. The change in mirror module size from 1.22 x
1.22 m (4.0 x 4.0 ft) to 1.22 x 3.66 m (4.0 x 12.0 ft) reduced the
required number of mirror modules from 34 to 12, and enabled the number
of truss members to be reduced from 6 to 4. The net effect of this
change was a significant reduction in rack structure weight and material
cost, and an even greater reduction in field labor cost due to the
reduction in major piece parts from 40 to 16.

Each torque tube provides the lateral structural
support by rigidily connecting a pair of trusses together and to the
drive unit. A study was performed early in the program to establish
the weight and inertia versus diameter and wall thickness. Table D-10
tabulates the results of this study. The "WINDBEND" computer model
was utilized to evaluate the resultant bending and torsional errors
as a function of the bending and polar inertia. Within the confines
of the error budget and the software and alignment error-removal
ability, it was established that the polar inertia should be on the
order of 400 in4,_and the bending inertia about 200 in4. Table D-10
shows these would most efficiently be met with a 16-inch 0.D. torque
tube having a wall thickness of 0.135 inches. This size was originally
selected for the torque tube, and no interface problem existed with
the drive unit because the drive unit had a 43-inch diameter single
stage worm gear, and could, if necessary, accomodate a very large torque
tube.

Subsequent optimization studies reduced the drive
unit size by the introduction of the planetary input stage. The output
worm gear size was reduced to a size less than one half of the original

diameter. As a result of the smaller size, the torque tube diameter had

D-20



Torque
Tube

Diameter

12 inch
14
16

12
14
16

12
14
16

Note: The bending inertia is one-half of the polar inertia.

TABLE D-10
TORQUE TUBE INERTIA AND WEIGHT

Polar Moment of Inertia, in4

.075"
Wall

99.9
159.1
237.9

.105"
Wall

138.8
221.2
331.2

Weight for 110 inch Length, 1b

87.5
102.1
116.8

122.1
142.7
163.2

Inertia Per Unit Weight, in4/1b

1.14
1.58
2.04

1.14
1.55
2.03

D-21

.135" .188" .250"
Wall Wall Wall
177.1 242.8 318.7
282.6 388.1 510.6
423.4 582.3 767.3
156.7 216.6 287.3
183.1 253.3 336.2
209.5 290.0 385.1
1.13 1.12 1.11
1.54 1.53 1.52
2.02 2.01 1.99



to be reduced to enable its flange to interface cleanly with the
drive unit. Hence, a 12.75 inch diameter torque tube with a wall
thickness 0.25 inch was selected. The following provides a comparison

between the optimum and selected torque tubes:

16" OD 12.75" 0D
Optimum Selected
Torque Torque
Tube Tube

1. Wall Thickness, inch 0.135 0.250

2. Polar Inertia, in4 423.4 383.6

3. Bending Inmertia, in® 211.7 191.8

4. Total Weight (2), 1b 419.0 611.2

5. Material Cost, $ 144.56 210.86

The $66 cost differential was justified by the estimated $115 cost of
increasing the drive unit housing, bearing and seal size to accomodate

the optimum torque tube.

9.4.3 Drive Unit Alternates

The drive unit originally proposed was based on a
double worm and gear for each axis, a concept which was employed on the
Northrup I heliostat. An 80:1 ratio was planned for each first stage,
and a 52:1 ratio for each output stage. A large stepper motor and
sophisticated translator (Superior Electric Co. M172-FD306 motor and
TM-600 translator) was required to drive this gear combination to an
ample output torque level. .Since the motor and translator cost was’
high, an effort was undertaken to change the gearing to permit a

smaller stepper motor to be used.

A drive concept was next examined in which the same
two worm gear ratios were maintained, but a small 3:1 gear stage was
added at the motor. This reduced the motor size to a Superior Electric
Co. M112-¥J326 unit (which is $125 less than the M172-FD306). A gear
box survey was performed, and an 11.5:1 ratio unit was selected which

further reduced the motor size to an M093-FD301 unit (which is $225 less
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. than the original M172-FD306 motor). Since the gear box cost was under
$100, it became very evident that it was far more economical to "buy”
torque with gearing than with motor size. Table D-11 provides the
evaluation results for 54 different stage 1 and stage 2 gear combinations
with output torque (T), output gear shear tooth stress (S), and
approximate drive element cost (C) as the performanéé pérameters.

Nine of the gear combinations were then selected, and a complete drive

unit material and piece part relative-cost analysis was performed.

Figure D-6 presents the double worm and gear
concept with the added gear box at the motor. The tabular data on
this figure shows the nine candidate gear combinations examined in
detail and the resultant backlash, torque (T), output gear tooth shear
stress(S), weight(W), and the relative drive unit material costs (C).
The main conclusion to be drawn from this data is that over a
relatively wide range of gear sizes, the costs are relatively high and
no clear~-cut optimum is apparant. A concept change was required to

lower the cost.

An effort was initiated to simplify the drive
unit and lower its cost by eliminating the first worm gear stage by
employing a larger ratio gear box at the motor. A low cost, triple
reduction helical gear box manufactured by Bison Gear & Engineering Corp.,
was selected for the input stage. It provided a 115:1 gear ratio, an
output torque capacity of 2500 1lb-in, and a higher efficiency than a
comparable worm gear stage. The size of the output gear and its
ratio increased significantly, but the overall material and piece part
were reduced by about 15%. Figure D-7 presents the performance character-
istics and a schematic representation of this initial single-worm-per-
axis drive unit. Figure D-8 shows a perspective rendering of this
drive concept which highlights the use of the azimuth gear as a turn-
table for the elevation drive, the sector elevation gear, and the

use of a cam~follower bearings for support.

A subsequent modification to this one-worm per

axis drive unit resulted in a change to the next larger motor size

*
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FIGURE D-6

PERFORMANCE FOR 2 - STAGE WORM DRIVE CONCEPT
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FIGURE D-7

INITIAL CONFIGURATION OF A SINGLE-WORM STAGE DRIVE
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CHARACTERISTICS
"WORM GEAR
DIAMETRAL PITCH 4 4
PITCH DIAMETER 3.00" -43.00"
NO. OF THREADS/TEETH 1 172
THREAD/TOOTH STRESS 34009 psi 10769 psi
MATERIAL STEEL CAST IRON
WEIGHT, AZIM 6 1b 102 1b
WEIGHT, ELEV 6 1b 34 1b
FACE WIDTH 3.50" 1.50"
MAXIMUM TORQUE - 9640 £t-1b
BACKLASH EFFECT - 0.23 mrad
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- FIGURE D-8
PERSPECTIVE VIEW OF THE INITIAL
NORTHRUP 1 - WORM DRIVE UNIT
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(from the Superior Electric Co. M092-FD310 to the M112-FJ326), but

to a simpler, less expensive driver (translato;). In addition, the azimuth
gear was fixed (i.e., non-revolving). This latter change enabled the
protruding azimuth and elevation motors to always maintain the same
position relative to the mirrored surface plane during azimuth maneuvers
(which eliminated a potential interference problem between the drive and
mirror modules).  An additional change was an optimization of the output
worm gear in which the diametral pitch was raised from 4 to 5, and the
pitch diameter reduced form 43 inches to 26.4 inches. Table D-12
presents the performance characteristics for the improved one-worm
drive with the 115:1 helical gear box. Figure D-9 shows an

exploded view of this drive unit.

The Winsmith Division of UMC Industries was working
closely with Northrup as a potential fabricator, cost-estimator, and
alternate-design consultant. Winsmith proposed a concept employing
a large ratio, high torque capability planetary unit which replaces the
triple reduction helical gear box. The higher ratio of the planetary
stage (450.45:1) enabled the output worm gear size to be further
reduced in ratio and size. The decreased gear size in turn enabled
the use of ball-and-race bearings which became cost-competitive with
the 19 individual cam-follower bearings used in the previous design.
Only one bearing is used in each axis with this alternate Winsmith
design. Table D-13 presents a comparison between the helical gear
box reducer configuration (North-Win 1), and the alternate planetary.
input stage (North-Win 2). Table D-14 presents the worm thread bending
stress and the gear tooth shear stress as a function of wind speed for
the two design alternates. This tabulation shows very similar stress
levels for the two alternates, but more importantly, shows that both
design options can withstand a 90 mph wind in the vertical position.
Hence, no latch or docking restraint is required to remove wind loads from

the gearing during operation or stow.

Table D-15 presents a comparison of the mechanical
performance of the two design alternates in terms of output torque,

efficiency, and slew rate. Although the torque characteristics are
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FIGURE D-9

NORTHRUP FIKED-AZIMUTH DRIV E.

EXPLODED VIEW
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3.
4.
5.
6.

9.
10.
11.

TABLE D-12

Improved One-Worm Drive Characteristics

M112-FJ326 stepper motor/TBM105 translator
Bison Model 030-415-0115 gear box, 115:1 ratio
Worm and gear diametral pitch =5

Lead = 0.6283 inches, lead angle = 4.3986°
2,60 inches

26 inches

inches

Worm pitch diameter

Gear pitch diameter
Gear face width = 1.5

Number of teeth in contact

Worm thread bending stress

2 (minimum)
126,811 psi (steel) *

Gear tooth shear stress = 40,156 psi (cast iron) *

Torque output capability:

Pulse Motor
Rate =~ _rpm
200/sec 60
600 180
1000 300
1400 420
1800 540
2000 600

Output
Torque

6602 ft-1b
9797
10287
8913
7009

6218

* Stresses are for vertical stow, 90 mph wind

D-30

Drive
Efficiency

20.77%
21.17
21.58
22.01
22.45

22.68
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TABLE D-13
COMPARISON "NORTH-WIN 1" VS "NORTH-WIN 2"

NORTH-WIN 1 NORTH-WIN 2
~ A. MOTOR M112 M112
B. STAGE 1
1. TYPE PLANETARY HELICAL
2. RATIO 450.45: 1 115: 1
3. EFFICIENCY 55% 80%
C. STAGE 2
1. TYPE WORM & GEAR WORM & GEAR
2. RATIO 40.1 130:1
3. GEAR DIAMETER 17.7", 26.4
4. GEAR FACE WIDTH 2.36 1.50"
5. DIAMETRAL PITCH 2.37 5
6. NUMBER OF TEETH 40 130
7. LEAD ANGLE 7.7° 4.4°
8. WORM PITCH DIAMETER 3.12" 2.30"
9. WORM THREAD | SINGLE SINGLE
10, EFFICIENCY 38% 27%
OVERALL RATIO 13018 14950
D. BEARINGS, ELEVATION SINGLE BALL & RACE 10-CAMROLLS
AZIMUTH SINGLE BALL & RACE 9-CAMROLLS

E. ENCLOSURE, MATERIAL
LUBRICATION

CAVITY SEAL

CAST IRON SHELL
OIL FILLED

SEALED

CAST IRON SHELL
OIL BATH

VENTED
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TABLE D-14

WORM & GEAR STRESSES

WINDSPEED "NORTH-WIN 1" "NORTH-WIN 2"
MPH TYPE (PLANETARY + WORM) | (HELICAL + WORM)
10 WTB 1,650 psi 1,566 psi
27 WTB 12,039 11,413
50 WTB 41,326 39,177
90 WTB 133,769 126,811
10 GTS 523 psi 496 psi
27 GTS 3,812 3,614
50 GTS 13,086 12,406
90 GTS 42,359 40,156

WTB orm thread bending stress, allowable (yield) = 190,000 psi

= W
GTS = gear tooth shear stress, allowable (yield) = 80,000 psi

CONCLUSION: Worm thread and gear teeth can withstand 90 mph wind
in vertical stow position without yielding.



TABLE D-15
DRIVE COMPARISON: "NORTH-WIN 1' VS NORTH-WIN 2"

ge-a

MOTOR MOTOR OUTPUT TORQUE EFFICIENCY SLEW RATE

STEPPING INPUT FT-LB PERCENT DEG/MIN

RATE TORQUE [[#1-WORM/ | #2-WORM/ - [|#1-WORM/ H 2-WORM ||#1-WORM/ | #2-WORM/

STEPS/SEC 0Z-IN || PLANETARY | HELICAL PLANETARY| HELICAL ||PLANETARY | HELICAL
200 408 7914 6602 20.66 20.77 1.198 1.444
400 549 10677 8967 20.72 20.97 2.397 2.889
600 - 594 11588 9797 20.78 21.17 3.596 4,334
800 621 12140 10334 20.83 21,37 4.795 5.779
1000 612 12001 10287 20.89 21.58 5.994 7.224
1200 574 11295 9749 20.95 21.79 7.192 | 8.668
1400 520 10253 8913 21.01 22.01 8.391 10.113
1600 459 9079 7950 21.06 22.23 9.590 11.558
1800 401 7947 7009 21.12 22.45 10.789 13.003
2000 352 7000 6218 21.18 22.68 11.988 14,448

REQM'T in 50 MPH WF?EL 9500 ft-1b _ 6° /min




‘'somewhat different, both are acceptable. Likewise, both have comparable
slew rates when driven at a stepping rate necessary to meet a 9500 ft-1b

wind torgue, and both have a very similar efficiency characteristic.

Tables D-16 and D-17 present the estimated weight
and cost for the two competitive designs. Again there was very little
difference between the two design concepts. In fact, in evaluating
all of the stress values, the mechanical performance, weight, and
cost, the trade-~off study between the helical gear box/large worm gear/
Camroll bearing concept and the planetary gear stage/small worm gear/

ball-and-race configuration resulted in a virtual tie.

The "North-Win 2" planetary drive concept was

selected based on several decisive features:

1. Possibility for future cost savings using the
integral bearing concept, in which the races are machined into the
castings.

2. Unit is oil-filled and sealed versus oil-bathed
and vented for the alternate. The moisture condensation concern is
eliminated, and the bearings are subjected to continuous lubrication.

A 3. The planetary gear box offers flexibility in
future motor-gear ratio trade-offs. The planetary gear ratio can be
varied over a very large range without changing the size of the enclosure
envelope or interface. Future advances in the motor drive translator
and software might enable the use of a smaller (but higher pulse rate)
motor which might in turn necessitate a higher planetary gear ratio.

4. The selected drive unit is simpler and has
significantly fewer parts, fewer machining opérations, and fewer
assembly adjustments than the alternate using discrete Camroll bearings.
It is believed that the simpler unit will, therefore, be the most
reliable. .
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ITEM

AZIMUTH GEAR

ELEVATION GEAR

TORQUE ARMS

STAGE 1 GEAR BOX
AZTMUTH HOUSING
ELEVATION HOUSING
WORMS, SHAFTS, BEARINGS
MAIN BEARINGS

M112 MOTORS

MISCELLANEOUS

TOTAL

TABLE D-16

DRIVE WEIGHT COMPARISON

NORTH-WIN 1
(PLANETARY)

176.6 1b
168.5
0
126.0
264.6
240.5
90.2
15.6
29.0

119.6

1230.6 1b

NORTH~-WIN 2
(HELICAL)

190.1 1b
69.2
216.6
32.0
237.0
270.8
38.4
64.5
29.0

90.6

1238.2 1b
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TABLE D-17

DRIVE COST COMPARISON-ENGINEERING ESTIMATE

ITEM NORTH-WIN 1 NORTH-WIN 2
(PLANETARY) (HELICAL)
AZIMUTH GEAR : $150.11 $161.59
ELEVATION GEAR 143.23 58.82
TORQUE ARMS 0.00 74.08
STAGE 1 GEARING 230.00 168.00
AZIMUTH HOUSING 158.76 142.20
ELEVATION HOUSING 144.30 162.48
WORMS, SHAFTS, BEARINGS 180.40 76.80
MAIN BEARINGS 400.00 328.04
MISCELLANEOUS 89.71 67.95
SUB-TOTAL 1496.51 1229.96
LABOR 224 .48 606.41
M112 MOTORS ©350.00 350.00

TOTAL $2070.99 $2186.37



9.4.4 Electronics Alternates

Trade studies were performed on elimination of the 6850 ACIA
(asynchronous communications interface adapter). The alternative
would be to perform the serial communications with the 6532
(ram-i/o-timer) since this part is already needed to interface with
the translator and provide RAM. The problem encountered in the
trade study showed extreme timing complications in using the 6532.
The 6850 ACIA provides double buffering of input and output data,
this allows the processor to be accomplishing other tasks while
receiving and sending data. The constraint of accelerating an&
decelerating the motor and being able to receive and send data at the
same time prohibits software data handling of individual bits. The
ACIA allows handing of data at the byte levei. Additional studies
are being considered to constrain the data communications to
times where the motors are stopped but at this point it was

desirable to have data at all times.

Three types of motor translators were considered and
evaluated. They are the resistor; soft switching, and hard switching
types. The evaluation results are summarized in figure D-10. The
soft switching type (TBM 105) was selected because it met the
speed-torque requirements and was less complex than the TC600. The
resistor type was not considered due to its inability to perform at
our required speed and torque. Evaluation of the TBM 105 translator
showed moderate expense and complexity and was selected for the
prototypé Heliostat. - Studies ate under way to improve the design
and simplify the translator to provide a more cost effective design

readily adaptable for mass production.
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TRANSLATOR EVALUATION

DC-RESISTOR
SOFT SWITCHING

HARD SWITCHING

STM101

TBM105

- TC600

TRANSLATOR
TYPE

RDYANTAGES

DISAIVANTAGES

DC-RESISTOR

SIMPLE/LEAST COMPLEX
ERSY COMFUTER CONTROL
MULTIPLEXING FOSSIELE
LOW FOWER MODE

HIGH POWER CONSUMFTION
WHEN OH

LOW TORGUEASFEED

SOFT SWITCHING

GOOD SPEEDCTORGUE
FERFORMAHCE

LOW MOTOR HERTING
HO EXTERWAL FOMER SUFFLIES
SELF COMTRIMED

MORE COMPLEX

FULSE FEEDERCK NEEDED

HERYY FARTS REWJIRED ‘
UNIT TUNED FOR PARTICULAR MOTOR

HARD SWITCHIMG

BEST SPEEDTORGUE
FERFORMRMCE

COMFUTER COMTROLES ERSY
LOW FOWER MODE FOSSIELE

MOTOR HERTIHNG

SHWITCHIMG TRAMSIENTS

HOISE GEMERATION

COMPLEX FEEDEACK

MOST COMPLEY CIRCUITRY

EXTERNAL POWER SUFFLIES REQUIRED

Figure »-10

Summary of Translator Trade - Offs




9.5 SYSTEM STUDIES (APPENDIX E)

In this section the system studies which were performed
in support of the Northrup heliostat are presented. The following
subsections and topics are included:

9.5.1 Wind Loads, Distribution, and Moments

9.5.2 Wind and Gravity Deflections

9.5.3.1 Mirror Module
9.5.2.2 Rack Structure
9.5.2.3 Drive Unit

9.5.3 Thermal Curvature and Stress

9.5.3.1 Beam Quality, Convex and Concave Mirrors

9.5.3.2 Thermal Curvature for Tri-Composites
9.5.4 Stress Analysis - 90 mph Wind

9.5.4.1 Mirror Module

9.5.4.2 Rack Structure

9.5.4.3 Drive Unit

9.5.5 Drive Unit Performance

The general format of each subsection is to include a topical introduction,
and then to provide the original analysis with appropriate equationms,

assumptions, values, and computations.

9.5.1 WIND LOADS, DISTRIBUTION, AND MOMENTS

The following tabulations and figures provide the wind
forces on the Northrup heliostat, the distribution of the normal forces
on the surface, and the moments about each axis, and about the pedestal
base at ground level. The basis for this analysis is ASCE Paper No. 3269,

"Wind Forces on Structures'”, 1961.
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Winod Force Parameter Summary
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Wind Force Parameter Summary

Arcack L | % : Cep
0 o 0 1.126 .500
10 | .228 1.103 - .470
20 .400 1.061 .451
30 571 989 _ .437
40 .730 .890 .430
50 .860 .761 420
60 .898 _ .593 .398
70 - .803 .274 .343
80 .361 ' .107 .263
90 | o 0 0
Note: CL = 1ift coefficient
CD = drag coefficient
CCP = centerrof pressure coefficient



Wind Induced Pressures and Loads

5.

Windspeed corrected

to 12.75 ft height

Dynamic Bréssure,

q, 1b/ft

Dynamic pressure

x Area, lbf

Drag Force, F

0°
10
20
30
40
50
60
70
80
90

Lift Force,

0°
10
20
30
40
50
60
70
80
90

D*

FL 1b

1b

f

£

27 wph 35 mph
(reqmts) (operating)

23.748 mph 30.784 mph

1.413 2.374
848.2 1425.1
955 1605
936 1572
900 1512
839 1409
755 1268
645 1085
503 845
232 390

91 152

0 0

0 0
193 325
339 570
484 814
619 1040
729 1226
762 1280
681 1144
306 514

0 0

50 m=ph

(stowing)

43.977 mph

4.845

2908.5

3275
3208
3086
2877
2589
2213
1725

796

311

663
1163
1661

© 2123

2501

- 2612

2336
1050

50 mph

(survival)

79.159 mph

15.698

9423.5

10611
10394
9998
9320
8387
7171
5588
2582
1008

2149
3769
5381
6879
8104
8462
7567
3402




Elevation and Azimuth Moments

Moment Windspeed at 30 ft Heioht

Angle of Arm 27 mph 35 mph 50 mph 90 mph
Attackh ?,ft (rgqmts) (operating) (stowing) (survival)

0 0 _ 0 ft-1b 0 ft-1b 0 ft-1b 6 ft-1b

10 .735 702 1179 2407 7799

20 1.201 1155 1941 3961 12832

30 1.544 1496 2513 5130 16620

40 1.715 1674 2813 5740 18598

50 1.960 1909 3207 6546 1209

60 2,499 2277 3826 7808 » 25297

70 3.847 2768 4651 9497 30752

80 5.807 1843 3097 6320 20476

90 - 12.25 0 0 0 0
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Ground-Level Column Base Moments

Windspeed at 30 ft Height

Angle of 27 mph " 35 mph 50 mph 90 mph
Attack (reqmté) (operate) (stowing) (survival)
0 12176 ft-1b 20460 ft-1b 41756 ft-1b 135290 ft-1b
10 12629 21222 43309 140323
20 12628 21219 43304 140307
30 12191 20485 41805 135450
40 11298 18985 38744 125532
50 10138 17035 34765 112639
60 8689 14601 29797 96544
70 5731 9630 19652 63673
80 3000 5040 10286 33328
90 0 0 0 0
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9.5.2 WIND AND GRAVITY DEFLECTIONS

In this subsection the gravity and wind-'induced deflections of the
mirror modules, trusses, torque tubes, and drive unit are presented.

The paragraphs, topical subjects and page numbers are as follows:

9.5.2.1 Mirror Module Deflections, pg. E-9 through E-28

9.5.2.2 Rack Structure Deflections
a. Gravity Only, pg. E-29 through E-41
b. No Gravity, 27 mph wind, pg. E-42 through E-53
¢. Gravity plus 27 mph wind, pg. 54 through E-65

9.5.2.3 Drive Unit Deflections, pg. E-66 through E-88

In all instances the deflections have been resolved into the appropriate

milliradian errors in the azimuth or elevation direction.



9.5.2.1 Mirror Module Deflections

In the following subsection the analysis' of the mirror module deflections
from gravity and/or a 27 mph wind are presented. The analysis method,
assumptions, equations, and computations are provided. The topics covered

include between-stringer sag, shear deflections, and bending deflections.
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MIRROR MODULE DEFLECTION/IMPERFECTION ANALYSIS
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Samplé Computer Print-Outs For

Mirror Module Deflection Evaluation
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MIRFOR MODULE EENDING

ENTER
ENTER
ENTER
ENTER
ENTER
ENTER
ENTER
ENTER
ENTER
EHMTER
ENTER
EHMTER
ENTER
ENTER
ENTER

CENTRAL STRIHGER EEMDING INERTIA.

—— e s . . — — T — ——— > ——— v — ————a—

AND_SHERR MRAD ERRORS — RUN_#36GR

CENTRAL STRINGER SHERR AREA. INtTZ =

CENTRAL STRINGER SHEAR CONSTAMT = 1

EDGE STRIWGER EBENDIMG INERTIA.

EDGE STRIMGER SHERR AREAR, IHTZ =
EDIGE STRINGER SHEAR CONSTAHT =

CROSS MEMEER BENDING IMWERTIA,
CROSS MEMEER SHERR AREAR. INT2
CRrOSS MEMEER SHEAR COMSTAMT =
STRINGER HALF-SPAM LENGTH. IHN
CROSS MEMEER HALF-SFPAN LEHUTH;
STRINGER SUFFORT LDEHTIGN; IH
CROSS MEMEER SUFPFORT LOCATION.

STRINGER SFACIHG, IH = = &
LOARD, LE/SG-FT = 4.21

£-233

INT4 =
1)

.8

1

IH14 =

-4.

[¥x]

[IX]

re

IN =

= 39

IN =

INtd = . &98

. 865

4596

.43



MIRROF ELEMENT VECTOR-SUMMED SLOFE ERRORS - RUN #50GR

...Ill.l...r"ICF\.D_F\'HI'Iﬂtqs (RHI'*lE-E.-)I.'...I..l-.. ..Ir"F\'HDIII

(LONGITUDINALD CTRANSYERSED RRER-MEIGHTED
STRINGER DIFECTION CROSS MEMBER DIRECTION VECTOR-5UM
RIE # HNODE  EEMDING SHERR BENDING SHERR  ROTATION TOTAL

-11 269 . 282
-11 268 .28

s ot ook

11

1 1 11 -1 %) -11 263 o 2
1 2 12 -3 (%) -11 =63 . 28
1 3 16 -3 e - -11 269 .28
1 4 29 -v 5] -11 269 .28
1 o da -16 a -11 263 . 282
1 & (=Y 14 %] -11 Z69 .29
1 v e 12 @ -11 269 « 292
1 8 73 18 e -11 263 . 252
1 = 65 7 o -11 263 . 283
1 o 51 %) -11 Z63 . 286
1 1 é
1 2 (%)

9

=
33 3
1
1
3

2 1 11 - -26 -7 269 .81
2 2 12 -3 -Z2B3 -7 269 SE-83
2 3 16 -5 =263 -7 263 011
2 4 23 -7 -265 -7 269 L8117
2 o 4a -1a =265 -7 269 .83
2 & €@ 14 -26% -7 =63 874
g v ‘e 12 -85 -7 269 . 883
2 s 73 16 ~Z63 -7 Zes L Ba2
2 g 5= 7 =283 -7 Ze9 LEv3
2 16 S1 S -28J -7 Ze3 L BE7
2 11 - 33 3 =ZE0 -7 263 B35
2 1z 11 1 =263 -7 2e5 812
3 1 11 -1 -362 - Zeg . 957
3 = 1z -3 =35 -4 Zed . B57
3 3 16 b= =36 -4 Ze2 . B9
3 4 23 - -362 - Zed B3
3 2 46 -18 -362 -4 Zed . 161
3 ) &i 14 -262 -4 Ze9. . 121
3 7 72 1= -3&2 -4 =8 127
3 & 73 16 -36 - 283 . 127
3 S ] T ~36d -4 Ze9 121
37 18 51 3 =36 =4 Ze8 112
3 11 33 3 -3 -4 =3 183
3 12 11 1 =36 - 63 . 837
4 1 1@ -1 =376 a =63 &
4 2 11 -2 -376 & 263 . 833
4 3 15 -3 =37 (5] Ze5 . 854
4 4 22 -4 -376 a Ze3 359
4 o 36 -2 -376 @ 283 . B36
4 6 a9 v =376 (5] 269 . 862
4 v 65 6 =376 a 269 . 864
4 8 & 9 =376 (5] 255 . 64
4 S 59 4 =376 (5] 269 BES
4 18 46 3 =376 @ Ze3 . B53
4 11 s@ =2 =376 g =264 . HOE
4 12 16 1 -376 %) 268 . 8354



teeeneenees MICRO-RADIANS CRAD#IE-6) e enresvnnenn ...MRAD...

(LONGITUDINAL > (TRANSYERSED AREA-WEIGHTED
STRINGER DIRECTICON CROSS MEMEER DIRECTION VECTOR-SUM
RIB # NODE  EENDING SHERR EENDING - SHEAR  ROTATION TOTAHL

S 1 11 -1 265 v =69 . 541
3 2 12 -3 265 v =63 « 541
S 3 16 -5 265 v 262 =3
] 4 2% -7 2635 7 Zes - .o
3 ] 46 -1@ 263 bl 263 IR ¥y
3 & &ea 14 265 v 263 « ol
] v 72 12 263 v ZeS . o7
S S 73 1a 263 7 268 . 47
9 S 63 7 265 I 65 . o35
S 16 o1 S 265 4 268 o odd
S 11 33 3 265 v 263 . o42
S 12 11 1 265 4 269 . 541
) 1 11 -1 3z 3 269 B35S
6 2 12 -3 362 K] 268 . 635
& 3 16 =5 362 3 =63 B35
& 4 2 -7 35 3 ZeZ 635
& 2 45 -1a 35 3 26 .&636
6 & &8 14 se I 263 . 837
& v ™ 12 3e 3 263 . B4

5 & 73 1o 352 3 oy .54

& o =) 7 a8 3 =z LESH
& 18 31 S 382 = Ze2 .63V
5 11 33 3 z62 3 Ze . &35
] 12 11 1 se2 3 263 B35
¢ 1 i6 -1 3ve a8 =62 323
4 2 11 -2 376 5] SES . 323
7 3 15 -3 3re g e . S23
7 4 22 -4 3ve 8 263 . 323
4 =] 36 -3 37ve a e . 323
I'4 & S5 7 376 g 263 . 324
7 v 65 6 376 g Zed . 325
[ g &6 S 376 5 263 . 325
v 9 2 4 3re g 2ed gl
[ 1g 46 3 376 g 283 o329
[ 11 it 2 376 5] 68 . 323
7 12 18 1 3ve a =89 . 323

Rl’qsﬁl'l‘.ERHGE 28 % £ 8 8 8 8 50 808 06 ¢ss SR PEE S AR S S8 EEEANSSSs S essssSs a5 sas DE:S.-;“
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MIRROR MODULE EBENDING AND SHEAR MRAD ERRORS — RUN #6868 GR+WIND

ENTER CENTRAL STRINGER EENDING INERTIA, INT4 .
ENTER CENTRAL STRINGER SHERR AREA, INtTZ = .E

"
LX)
L5
o

[xx]
T
Ty

ENTER CENTRAL STRINGER SHEAR CONSTANT = 1

ENTER EDGE STRINGER EENDIMG IMERTIA., INT4 = .436
ENTER EDGE STRIMGER SHERR ARREA. INT2 = .0c6
ENTER EDGE STRINGER SHEAR CONSTANT = 1

ENTER CROSS MEMEER EENDING INERTIA, IHT4 = .43
ENTER CROSS MEMEER SHEARR AREAR. INTzZ = .48

ENTER CROSE MEMEER SHEAR COMSTANWT = 1

ENTER STRINGER HALF-SFRM LENGTH, INM
ENTER CROSS MEMEER HALF-SPAM LEMGTH. IN = 24

-
f

0
P

l’c

EHTER STRIMGER SUFFORT LOCATIOH, IN = 38
ENTER CROSS MEMEER SUPFORT LOCATION. IN = 28
ENTER STRINGER SPACING, IN = = &

ENTER LORD. LB/SQ-FT = S.164

E-~26



FIB # WNODE

MIRFOF ELEMENT VECTOR-SUMMED SLOFE ERRORS - RUN #50 GR+MWIND

—— — —— —_a—— — o

ssassssaans .MICRG—RHDIH"‘S (E:HI‘*IE‘E)- ceesssssssess

1 1
1 2
1 3
1 4
1 S
1 &
1 v
1 £
1 S
1 1a
1 11
1 12

fod o= 20000 Q0 =0 Oy N P 0 T3 e

bl P P

M D00 T U1 R O3PS -

LPRAALLPEELRBRE WOOWWLWWLWLLIGIGW A RIS R R R RIR N R R
Pt ol Pk

P QNN R WY~

Pode P Pl

(LONGITUDINAL)
STRINGER DIRECTION
BENDING  SHEAR
14 -1
15 -4
20 -7
3@ -3
43 -12
74 17
85 14
g9 2
&6 g
63 7
40 4
14 1
14 -1
15 -4
28 -7
3@ -2
49 -1z
74 17
&8 14
g 12
g&1 g
63 7
4@ 4
14 1
14 -1
15 —4
26 -7
3@ -3
49 -12
74 17
88 14
g3 12
56 g
63 7
4@ 4
14 1
13 -1
14 -2
18 -3
27 -5
44 -6
67 =)
g0 7
&1 5
73 S
57 3
36 2
12 1

ROTATION

o0 Do G Q08 00 £03
LU R DA ]

€003 0 DX 63 G O
r.l

o)

23
D G
=

ARIV N
0 G,
L WA I )

o
<

YO0

(Y]
(L]
(Y]

0l DX 0
L D0 G
Q&G

¢ TRANSYERSE )
CROSS MEMEER DIRECTION
EENDING  SHEAR
@ -13
@ -13
& -13
@ -13
& -13
@ -13
@ -1z
@ -13
@ -13
@ -13
8 -13
@ -13
-325 -3
-325 -3
-325 -
-325 -5
-325 -5
-325 -5
-325 -3
-325 -3
-325 -3
-325 -3
-325 -3
-525 -3
~444 -4
~444 -4
-444 -4
~444 -4
-444 ~4
-444 -4
-444 -4
~4d4 -4
~444 -4
~444 -4
-444° -4
~444 -4
~461 &
~461 @
-461 @
-461 @
-4651 @
-461 @
-461 &
-461 6
~461 @
-461 8
-461 6
-461 @

*17

.« MRAD. ..

AREA-WEIGHTE
VECTOR-SUK
TOTAL

LE87S



MIRROR ELEMENT VECTOR-SUMMED SLOFE ERRORS - CONTINUED - RUN #6@ GR+QIHI

ceesccnsas s MICRO-FADIANS {RAD#IE-E)..0cenececnes «sMREAD. ..

(LONGITUDINAL) CTRANSYERSE) ARREAR-WEIGHTE
- STRINGEF DIRECTION CROSS MEMEER DIRECTION VECTOR-5UK
RIB # HODE  BENDING SHERR EENDING SHEAR  ROTATION TOTAL
S5 1 14 -1 325 g J3a . 664
I 2 15 -4 325 ] 336 . 664
3 3 z8 -7 32 o it . 264
S 4 3@ -3 * 325 & 2334 . 564
=] ] 48 -12 325 = =38 . 663
3 & 74 g 323 g 338 &7
S I 88 14 a2 2 338 671
S 8 89 12 325 = 336 671
S5 & 8o g 325 g 336 .67
S 1@ 63 T 325 ] 336 .667
9 11 406 4 32 ) 336 . 665
S 12 14 1 32 ] z3¢ . 664
& 1 14 -1 444 4 336 s
& 2 15 - 444 4 338 ered
6 3 28 -7 444 4 =36 i rs
& 4 sa -3 CE 4 =36 arrd
5 S 43 -12 444 4 338 .73
6 & 74 1?7 444 4 =36 . rod
6 7 88 14 444 4 338 . TEE
6 & as 12 444 4 338 . 785
6 9 a6 S 444 4 36 . 754
6 168 63 T 444 4 =38 T o2
& 11 46 4 444 4 gCicis o T
6 12 14 1 444 4 538 s
7 1 13 -1 451 g =38 . 396
7 2 14 -2 451 g 33¢ . 396
7 3 18 -3 4&1 e 238 . 396
I'4 4 27 -9 451 a 3 . 396
4 S 44 -6 451 é S36 . 355
7 ) &7 8 461 g 338 . 356
7 4 ca v 451 a 338 . 398
7 8 &1 6 461 @ a38 . 358
4 o 73 = 4e1 @ S3@ . 335
7 1a a7 3 461 é =38 . 357
7 11 36 2 461 a 336 . 396
7 12 12 1 461 é 33a . 356

RNS H.'f.EF:HGE llllll.llllllllll.llllll.lll.Illll.lrlillllllllll ssens

fa
Ju
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9.5.2.2 Rack Structure Deflections

A computer code named "WINDBEND'" was developed to
evaluate the combined bending and torsion of the torque tube, and
bending of the truss members. Both gravity and wind can be
evaluated separately or can be combined to determine the total
effect. This computer program includes a wind force subroutine in
which the wind forces are distributed over the mirrored surface of
the heliostat in accordance with the method outlined in appendix
section 9.5.1 (see page E-7). The wind or gravity loads from the
mirror modules are transmitted to the trusses through the
discrete attachment points, and the resultant beam bending, torque
tube bending, and torque tube torsion deflections are computed and
vectorially combined. The program is general in that any wind speed
or elevation angle case can be evaluated. .

The following section presents the "WINDBEND" analysis
output for heliostat elevation angles from 0° (vertical) to 90°
(horizontal) for the following cases:

a. Gravity only, no wind, pg. E-30 through E-4]1

b. No Gravity, 27 mph wind, pg. E-42 through E-53

c. Gravity plus 27 mph wind, pg. E-54 through E-65

E-29



WIND & GRAYITY MRAD ERROR AMALYSIS

INPUT WIND SFEED AT 307.MPH = @
INFUT MIRROR MODULE WEIGHT, ERCH.LE = 139.2
INFUT BEAM INERTIA, INT4 = 242
INFUT BEARM WEIGHT, LB-/FT

6. 65

INFUT TORRUE TUEE LENGTH, IMCHES = 118.38
INFUT TORGQUE TUEBE O.D.., INCHES = 12.75

INFUT TORGUE TUEE WALL THICKNESS,IHCHES = .25

TORQUE TUBE I.D., IMCHES = 12,235

TORQUE TUEE EENDING IMERTIA, IMCHEST4 = 191.82
TORQUE TUBE + FLANGE EQUIY EBENDING IMERTIA, INCHEST4
TORGUE TUBE POLAR INERTIA. INCHESM = 583.64

TORGUE TUBE WEIGHT LEBAFT = 33.34

168.43



WIND' ANGLE, = @ DEG., WIND SFEED = @ MFH

(1).BEAM BENDING EFFECT (GRAVITY & WIND)>:

MODULE DEF1., IN¥1614 DEF2, IN¥161d MRAD ERKOR
#1 o (5] 1E-63
#2 o a 1E-83
#3 e 2 1E-83
#4 @ é 1E-B83
#5 o (%) 1E-63
#6 %) a 1E-63

HELIOSTAT-AYERAGE MRAD ERROR: 1E-63

(2. TORGUE TUEE - WIND AND GRAYITY TORSIOMAL LOADING

TORSION FROM END TORSION MID TORSION EFF MRAD TORSIO
HIND : @ a %)
GRAYITY o8l . 133 .133
ARITHMETIC-SUM MRAD TORSIOWAL ERROR: 153

(3. TORGUE TUEE + FLANGE - WIND AHD GRAYITY LOAD EENDING:

TORGUE TUEE DEF1, IN¥1614 DEF2, IN®¥1814 MRAD BEND
WIND @ %] e
GRAYITY a8a3 . I 873

YECTOR-SUM MRAD EEMDING ERROR: g

(4).VECTOR-COMEINED EBEAM & TORQUE TUBE EBENDING & TORSION EFFECTS:

' TORGUE TUBE  TORQUE TUERE
MIRROR  BEAM DEFLECTION TORSIOMAL BENDING VYECTOR-5UM

MODULE MRAD ERRO MRAD ERROR MRAD ERROR MRAD ERROR

#1 1E-83 . 193 @ .193

#2 1E-63 .193 B .193

#3 1E-83 . 193 7] .193

#4 1E-83 . 193 g L1353

#5 1E-63 .133 @ .193

#6 1E-@3 . 193 g . 193
TOTAL HELIOSTAT RMS MRAD ERROR: . 153

E-3/



WIND ANGLE., = 10 DEG, WIND SFEED = @ MPH

(1>.BEAM BENDING EFFECT (GRAVITY & WIND):

MODULE DEF1.,IN¥161 DEF2, IN*1a 14 MRAD ERROR
#1 24 19 829
#2 - 16 11 . 827
#3 4 1 816
#4 4 1 816
#35 16 11 . 827
#5 24 19 . 829

HELICOSTAT-AYERAGE MRAD ERROR: . 624

(2>.TORQUE TUEE - WIND AND GRAVITY TORSIONAL LORDING

TORSION FROM END' TORSION MID TORSION EFF MRAD TORSION
WIND @ e (5]
GRAVITY <493 .18 .18
ARITHMETIC-SUM MRAD TORSIONAL ERROR: .15

(3. TORGUE TUEBE + FLANGE - WIND AND GRAVITY LOAD EENDING:

TORGUE TUBE DEF1. IN$1614 DEFZ, IN¥1614 MRAD BEND
WIND @ e @
GRAYITY ga3 70 873

YECTOR-5UM MRAD EENDING ERROR: 151

¢4).VECTOR-COMEINED EEAM & TORQUE TUEE EEMDING & TORSION EFFECTS:
' TORGUE TUBE  TORGUE TUEE

MIRROR  EEAM DEFLECTION TORSIOMAL BEMDING VECTCOR-SUM
MODULE MRAD ERROR  MRAD ERROR  MRAD ERROR MRAD ERROR

#1 .829 .19 151 . 266

#2 - Laz? .15 . 151 , - o4

#3 016 19 S151 . 555

#4 .916 .19 .151 . 231

#5 @27 ‘19 .151 )

#6 . 629 .19 .151 3321
TOTAL HELIOSTAT RMS MRAD ERROR: | .243



WIND ANGLE, = 26 DEG, WIND SPEED = @ MPH

(1>.BEAM BENDING EFFECT (GRAVITY & WIND>:

MODULE DEF1, IN¥16M DEF2, IN¥1614 MRAD ERROR

#1 48 37 . 856

#2 32 _ 22 . @652

#3 S 3 . 832

#4 9 3 . 832

#5 32 22 . 852

#6 48 37 . 856
HELIUSTHT-HVERHCE MRAD ERROR: . 846

(2).TORQUE TUBE - WIND AND GRAYITY TORSIONAL LOADING

TGRSION FROM END TORSION MID TORSICON EFF MRAD TORSION
NIND e a @
UFHVIT? .47 . 181 . 181
HRITHNETIC—CUM MRAD TORSIONAL ERFOR: . 181

(3). TORGUE TUBE + FLAMGE - WIND AND GRAVITY LORD EENDING:

TORQUE TUEE - DEF1, IN#1@14 DEFZ2. IH%1a 14 MRAD EEND
IND e a 3]
GRAVITY &B3 78 873
VECTOR-SUM MRAD EENDING ERROR: | . 258

(4. VECTOR-COMEINED EEAM & TORGUE TUEE EENDING & TORSIOMW EFFECTS:

TORGUE TUBE  TORGUE TUEE '
MIRROR - EEAM DEFLECTION TORSIOMWAL BEENDING VECTOR-5UM

MODULE MRAD ERFGR MRRD ERROR MRAD EREUF MRAD ERROR
#1 . 856 .181 . 298 . 38
#2 . @52 .181 298 . 378
#3 . 032 .181 . 238 . 366
#4 . 632 . 181 - . 298 . 333
#35 : . 852 .181 . 298 . 325
#e . 856 .181 . 298 . 323
TOTAL HELIOSTHT RM5S MRAD ERROR: .551



WIND ANGLE, = 38 DEG, WIND SPEED = @ MFH

¢1)>.BEAM BENDING EFFECT (GRAYITY & WIND)>:

MODULE DEF1, IN%1oM™ DEF2, IN¥1814 - MRAD ERROR

#1 71 99 . 881

#2 47 32 876

#3 13 4 . 047

#4 13 4 . 847

#35 47 32 876

#6 vl S5 . 681
HELIGSTHf-HVERHGE MRAD ERROR: . 068

(2).TORQUE TUBE - WIND AND GRAVITY TORSIOWAL LOADING

TORSION FROM END TORSION © MID TORSION EFF MRRD TORSION
WIND 8 %) %)
GRAVITY 433 . 167 } . 167
ARITHMETIC-SUM MRAD TORSIONAL ERROR: . 167

(3).TORGUE TUEE + FLANGE - WIND AND GRAYITY LOAD EBENDING:

TORGLE TUBE LEF1., IN¥1614 DEF2, IN¥1atd MREADR BEND
WIND e e %)
GRAVITY 863 7o : . 573
VECTOR-SUM MRAD BENDING ERROR: 436

* (4).VECTOR-COMBINED EEAM & TORGUE TUEE EENDING & TORSION EFFECTS:
TORGUE TUBE  TORGUE TUEE

MIRROR  EEAM DEFLECTION TORSIONAL BENDING VECTOR-SUM
MODULE MRAD ERROR  MRAD ERROR MRAD ERROR MRAD ERROR
#1 .61 .167 .436 . 581
#2 . 876 .167 .436 . 499
43 . 047 .167 .436 . 485
#4 .647 .167 .436 . 452
#5 .676 167 . 436 . 445
#6 . 951 . 167 .436 . 444

TOTAL HELIOSTAT RMS MRAD ERROR: .471

£ - 34



WIND AMGLE,

= 46 DEG.

WIND SFEED = @ MPH

(1>.BEAM BEMWDING EFFECT (GRAVITY & WIND):

MODULE

DEF1, IN#1814

21
61
17
17
61

- 91

DEF2, IN¥1014 MRAD ERROR

7a . 165

42 . 828

S .05

< .86

42 . 698

78 . 165

. 8387

(2. TORQUE TUEBE - WIND AND GRAVITY TORSIONAL LOADING

TORSION FROM

HIND

GRAYITY

EHD TORSION

MID TORSION

EFF MRAD TORSIOHN

o @
. 148 .148
. 148

ARITHMETIC-5UM MREAD TORSIOHAL ERFROR:

(3. TORGUE TUEBE + FLANGE - WIND AND GRAVITY LOAD BENDING:
DEF1, IN¥1614

TORGUE TUEBE

WIND

GRAVITY

YECTOR-SUM MRAD EENDING ERROR:

DEFz, IN®%1614

' MRAD BEND

5 5]
e 873
. 561

(4).VECTOR-COMBINED EBEAM & TORQUE TUBE EENDING & TORSION EFFECTS:

MIRRCER
MODULE

. 16835

EEAM DEFLECTION
MRAD ERROR

TORGLIE

TUEE

TORSIONAL
MRAD ERROR

- TORGUE TUEBE -

TOTAL HELIOSTAT RMS MRAD ERROR:

£?-35.

EENDING VECTOR-SUM
MERD ERROR MRAD ERROR
. 361 615
. 561 612
. 561 . 998
. 061 T .OE8
o6l . 563
961 . 562

. 586



WIND ANGLE, = 56 DEG, WIND SFEED = @ MFH

(1).BEAM BENDING EFFECT (GRAVITY & WIND)>:

MODULE DEF1, IN¥16M4 DEF2., IN¥ia14 MRAD ERROR
#1 169 &84 . 124
#2 73 56 117
#3 21 4 871
#4 21 4 . 871
#5 73 oa . 117
#6 168 84 124

HELIOSTAT-AVERAGE MRAD ERRCOR: .164

(2).TORGUE TUBE ~ WIND AND GRAVITY TORSIONAL LOADING

TORSION FROM - END TORSION MID TORSION EFF MRAD TORSIOH
WIND e e . @
GRAVITY . 322 . 124 . 124
ARITHMETIC-SUM MRAD TORSIOHAL ERROR: - . 124

(3).TORGUE TUPE + FLANGE - WIND AND GRAYITY LOAD EENDING:

TORQUE TUEE DEF1, IN$16 14 DEFZ, IN¥1014 MRAD EEND
WIND 8 g &
GRAVITY 563 70 873
YECTOR-SUM MRAD EENDING ERROR: . 669

(4).YECTOR-COMBINED' BEAM & TORQUE TUEE BENDING & TORSION EFFECTS:

TORGUE TUEBE  TORRUE TUEE

MIRROR  BEAM DEFLECTION TORSIONAL BENDING ‘VECTOR-SUM
MODULE MRAD ERROR MRAD ERROR MRAD ERROR MRAD ERROR
#1 . 124 124 . 669 .713
#2 117 . 124 . 663 .ril
#3 . 871 124 . 663 .635
#4 871 . 124 . 669 571
#5 .117 . 124 . 662 . 669
#6 . 124 124 . 669 . 663

TOTAL HELICOSTAT REMS MRAD ERROR: .5688

E-3¢



WIND AHGLE, = 66 DEG. WIND SPEED = 6 MFH

(1>.BEAM BENDING EFFECT (GRAVITY & WIND>:

MODULE DEF1.,IN#161d DEF2., IN¥1061™- MRAD ERROR

#1 123 a5 .141

2 &2 S6 132

#3 24 &8 . 08

#4 24 8 .68

#35 &2 o6 . 132

#6 123 23 . 141
HELIOSTAT-AYERAGE MRAD ERROR: ' .117

(2). TORQUE TUBE - WIND AND GRAYITY TORSIONAL LORDING

TORSION FROM END TORSION MID TORSION EFF MRAD TORSIOHW
IND o 8 a
GRAVITY . 29 . 896 . 896
ARITHMETIC-5UM MRAD TUESIGHHL ERROR : . 836

(3>.TORQUE TUBE + FLANGE - MWIND AND GRAYITY LOAD BENDING:

TORQIE TUBE DEF1. IN$#10614 DEFZ, IN®1@1Td MRAD EEND
WIND e 5} 8
GRAVITY 803 ra .873
YECTOR-SUM MRAD EENDING ERROR:: : « TOB

(4, YECTOR-COMEINED EBEAM & TORGUE TUEE EENDING & TORSIOM EFFECTS:
TORGUE TUBE  TORGUE TUBE

MIRROR  BEAM DEFLECTION TORSIGHAL EENDING YECTUR-SUM
MODULE MFEAD ERFCR MRAD ERROR MRAD ERROR MRAD ERROR

#1 - . 141 . @896 . TG o F 92
#2 . 132 . 8295 . OB . 789
#3 . 08 . 9396 1 776
#4 .83 856 - 706 . 796
#5 . 132 . 836 . 706 . 796
#6 . 141 . 896 o 06 rg-Te
TOTAL HELIOSTAT RMS MRAD ERROR: orrd



WIND ANGLE, = 7@ DIEG.

WIND SPEED = @ MPH

(1>.BEAM FENDING EFFECT (GRAVITY & WINDD:

MODULE

DEF1, IN¥101M4
133
56
26
26
Se
133

DEF2, IN¥1014 MRAD ERROR

183 .153

61 .143

& .87

& . BE7

61 143

163 .153
127

HELIOSTAT-AVERAGE MRAD ERROR:

(2).TORGUE TUBE - WIND AND GRAYITY TORSIONAL LOARDING

TORSION FROM

WIND
GRAVITY

END TORSION

ARITHMETIC-SUM MRAD TORSIOMAL ERROR:

MID TORSIGN EFF MRAD TORSION
@ 6
. 666 . 066
' . 656

(3>. TORGUE TUBE + FLANGE - WIWND AND GRAVITY LOAL EENDING:

TORQUE TUBE

WIND
GRAVITY

DEF1. IN¥1614

VECTOR-SUM MRAD BENDING ERROR:

DEFZ2.IN¥1614 MREAD BEND
e @
7o .873
. 82

- (4. VECTOR-COMBINED BEAM & TORGUE TUEE EENDING & TORSION EFFECTS:

TORGUE TUEE

MIRROR  BEAM DEFLECTION TORSIONAL
MODULE MRAD ERROR MRAD ERROR
#1 . 153 . 866
#2 .143 . 866
#3 . 887 . B85
#4 . 887 . 866
#5 .143 . 6166
#6 .153 . 866

TOTAL HELIOSTAT RMS MRAD ERROR:

£-3¢

TORRUE TUBE

EENDING VECTOR-SUNM
MRAD ERROR MRAIr ERROR
.82 . 848
.82 . 846
.2 . 834
.82 .82
.82 823
.82 . 524




WIND ANGLE, = 8@ DEG. WIND SFEED = @ MFH

(1)>.BEAM BENDING EFFECT (GRAVITY & WIND>:

MODULE DEF1, IN#1614 DEF2, IN®1G14 MRAD ERROR
#1 14a 168 .16
#z &4 64 .13
#3 2 g . 0631
#4 27 g . 931
#3 84 64 S L
#6 146 168 : .16

HELIOSTAT-AVERAGE MRAD ERROK: . 133

(2>.TORGUE TUBE - WIND AND GRAVITY TORSIONAL LOADING

TORSION FROM END TORSICON MID TORSION EFF MRAD TORSIOHN
WIND o (5] 8
GRAVITY . 857 . B33 . B33
ARITHMETIC-SUM MRAD TORSIONAL ERROR: . 833

(3. TORQUE TUBE + FLANGE - WIND AND GRAYITY LOAD BEMDING:

TORGUE TUBE DEF1, IN¥1614 DEF2, IN¥1@ 13 1 MRRDI BEND
JIND o @ (5]
GRAVITY 83 g . 873
YECTOR-SUM MRAD BENINING ERROR: .86

(4>.YECTOR-COMEINED EBEAM & TORGLE TUEE EBENDING & TORSION EFFECTS:
TORGUE TUBE . TORQUE TUEE

MIRROR  BEAM DEFLECTION TORSICOHAL EENDING YECTOR-SUM
MODULE MRAD ERROR MEAD ERFOR MRAD ERROR MRAD ERROR

#1 .16 . 833 .86 . 881

#2 .15 . 833 .56 . 578

#3 . 891 . 833 .85 . 868

#4 . 831 . 833 .56 851

#5 135 . 833 .86 . 867

#6 .16 . B33 .56 .5e9
TOTAL HELIOSTAT RMS MRAD ERROR: ' .87

E-37



WIND ANGLE, = 98 DEG, WIND SFEED = © MFH

(1>.BEAM BENDING EFFECT (GRAVITY & WIND>:

MODULE DEF1, IN¥1Oo1d DEFz, IN¥1@14 MRAD ERROR

#1 142 116 . 162

#2 95 65 . 132

#3 27 8 . 853

#4 a7 9 . 853

#5 85 65 . 152

#5 142 1108 . 162
HELIOSTAT-AVERAGE MRAD ERROR: VV . 135

(2>.TORQUE TUBE - WIND AND GRAVITY TORSIONAL LORDING '
TORSION FROM END TORSION MID TORSION EFF MRAD TORSION

WIND a e o
GRAVITY ~1E-63 -1E-@3 - =1E-G3
ARITHMETIC-SUM MRAD TORSIONAL ERROR: - ~-1E-@3

(3. TORQUE TUBE + FLANGE - WIND AND GRAYITY LOAD BENDIING:

TORQUE TUBE DEF1, IN¥1614 DEFZ. IN¥1614 - MRAD EEND
WIND a g g
GRAVITY 863 ra 873
YECTOR-SUM MRAD EBENDING ERROR: . 873

(4>.VECTOR-COMBINED' EEAM & TORQUE TUBE EENDING & TORSION EFFECTS:

- TORGIJE TUEE  TORGQUE TUEBE
MIRROR  EEAM DEFLECTION TORSIONAL : EENDING YECTOR-SUM

MODULE MRAD ERROR MRAD ERROR MRAD ERROR MRAD ERROR
#1 . 162 -1E-83 . 873 . 867
#2 . 152 . -1E-@3 873 . 885
#3 . 093 -1E-83 . 873 . 877
#4 . 893 -1E-83 873 . 877
#5 . 152 -1E-63 : .873 . 836
#6 . 162 -1E-63 ' 873 . 387

TOTAL HELIOSTAT FEMS MRADN ERROR: . 583

E-4o



TOTAL FIELD STATISTICAL SUMMARY:

FIELD RMS MRAD ERROR = .638

m

-4



WIND ONLY (ZERC GRAYITY)> MRAD ERROR ANALYSIS

INFUT WIND SPEED AT 367,MPH = 27

INPUT MIRROR MODULE WEIGHT, EACH.LB = 0

INPUT BEAM INERTIA., INM™M = 249

INPUT BEAM WEIGHT., LB/FT = @

INPUT TORGUE TUBE LENGTH. INCHES = 116.38
INFUT TORGUE TUBE 0.D., INCHES = 12.75

INPUT TORGUE TUEBE MWALL THICKHESS.,INCHES = .25

TORGUE TUEE I.D., IHCHES = 12.25

TORRUE TUBE BEMDING INERTIA., INCHES™ = 131.82

TORQUE TUEE + FLANGE EQUIY EENDING INERTIA, INCHESt4 = 1€5.43
TORQUE TUEBE POLAR INERTIA, INCHESTq = 333.64

TORQUE TUEE WEIGHT LB/FT = @

E-4



GRAVITY LORD = 8, WIND ANGLE, = @ DEG. WIND SFEED = 27 MPH

(1).BEAM BENDING EFFECT (GRAYITY & WIND):

MODULE DEF1., IN¥161M4 DEF2, IN¥1614 MRAD ERROR

#1 43 33 . 049

#2 29 19 . 846

#3 8 2 . 829

#4 8 2 . 829

#35 29 18 . 046

#6 43 33 . 049
HELIGSTAT-AVERAGE MRAD ERROR:’ 641

(2>.TORQUE TUBE - WIND AND GRAYITY TORSIOHWAL LOARDING

TORSION FROM END TORSION MID TORSION EFF MRAD TUEbION
IIND @ e @
GPHVITV e %) é
HRITHMETIC—SUM MRAD TORSIONAL EEROR %)

(3. TORGUE TUBE + FLANGE - WIND AND GRAYITY LOAD BENDING:

TORQUE TUBE IEF1, IH¥1614 DEFZ, IN¥1614 MRADI BEND
WIND 228 19 . 248
bRHVIT? (<) @ @
UECTUR—SUM MRAD EEMDING ERROR: . 248

¢4).YECTOR-COMEINED EERM & TORGUE TUEE EENDING & TORSIOM EFFECTS:
' TORQUE TUEE  TORQUE TUEE

MIRROR  BEAM DEFLECTION TORSIOMAL EENDING - YECTOR-5UM
MODULE MRAD EPEUR MRADN ERROR MREHD ERROR MRAD ERROR

#1 .649 a . 248 252

#2 . 846 (%) . 248 . 252

#3 . 8259 2] . 248 . 249

#4 . 829 o . 248 . 249

#5 . 846 e . 248 . 252

#6 . 849 a . 248 252
TOTAL HELIUbTHT RFMS MRAD ERROR: . 291



GRAVITY LOAD = B, WIND ANGLE., = 18 DEG, WIND SFEED = 27 MPH

¢1)>.BEAM EBENDING EFFECT (GRAVITY & WIND)>:

MODULE DEF1.IN¥1GM4 DEF2, IN*161™d MRAD ERROR

#1 49 _ 38 , . 856

#2 33 22 . 653

#3 9 3 . 832

#4 7 2 . 825

#5 235 17 . 04

#6 37 28 . 843
HELICGSTAT-AYERAGE MRAD ERROR: ) . 041

(2>, TORQUE TUBE - MWIND AND GRAVITY TORSIOHAL LORDING

TORSION FROM END TORSION MID TORSION EFF MRAD TORSIOH
IIND . 862 - .@24 . 624
GRAVITY _ G @ )
ARITHMETIC-SUM MRAD TORSICHAL ERROR: . 624

(3). TORQGUE TUBE + FLANGE - WIMD AND GRAYITY LORD BENDING:

TORGUE TUBE DEF1, IMN¥1814 DEF2, IN¥1814 MRAD EBEND
WIND 228 13 . 248
GRAVITY e e %)
YECTOR-SUM MRAD EENDING ERROR: . 248

(4>.VECTOR-COMEINED EEAM & TORGIIE TUEE EENDING & TORSIOW EFFECTS:
TORQUE TUEE  TORGUE TUBE

MIRROR  BEAM DEFLECTION TORSIONAL EBENDING YECTOR-SUM
MODULE MRAD ERROR MRAD ERROR MRRDII ERROR MRAD ERROR

#1 . 856 . 824 .248 .26

#2 . 853 . B124 . 248 . 259

#3 . 032 . 824 . 243 . 254

#4 . 025 . 824 . 248 - . 248

#5 .04 624 . 248 . 248

#6 .043 824 . 248 . 248
TOTAL HELIOSTHT RMS MRAD ERROR: ! . 252

E -4Y



GRAYITY LOAD = @, WIND ANGLE, = 20 DEG., WIND SFEED = 27 MPH

(1).BEAM BENDING EFFECT (GRAVITY & WIND)>:

1ODULE DEF1.IH#16814 DEF2, IN%1614 MRAD ERROR
#1 S3 41 .661---
#2 36 24 . 857
#3 16 ’ 3 . 835
#4 6 2 . 823
#5 22 15 . 836
#6 33 25 . 639
HELIOSTAT-AVERAGE MRAD ERROR: 841

(2).TORGUE TUBE - WIND AND GRAVITY TORSIONAL LOADING

TORSION FROM END TORSION MID TORSION EFF MRAD TORSIOHW
WIND . 182 . B35 . 839
GRAVITY o a a
ARITHMETIC-SUM MRAD TORSIONAL ERROR: . 838

{3>. TORMUE TUBE + FLANGE - WIWD AWD GRAVITY LOAD EENDING:

TORGUE TUEBE DEF1., IN¥16814 LEFZ, IN%161T4 MRAD BEND
WIND . 230 19 « 20
GRAVITY e 5] ' e
YECTOR-SUM MRAD BEMDING ERROR: . 23

(4>.YECTOR-COMBIMED EEAM & TORG®LIE TUBE EENDING & TORSION EFFECTS:
TORGUE TUBE  TORQUE TUBE

MIRROR  BEEAM DEFLECTION TORSIOMAL EENDING YECTOR-SUM
MODULE MRAD ERROR | MRAD . ERROR MRAD ERROR MRAD ERROK

#1 061 . 839 .23 . 269

#2 B C LTy . 8139 25 . 267

#3 . B35 . Q23 $ 29 .26

#4 . 823 . 839 .29 .25

#5 . 836 . B39 .25 .29

#6 . 639 .833 e 29 23
TOTAL HELIOSTAT RMS MRAD ERROR: - . 297

E-45



GRAVITY LOARD = @, WIND ANGLE, = 38 DEG, WIND SFEED = 27 MPH

(1>.BEAM EENDING EFFECT (GRAVITY & WIND)>:

MODULE DEF1. IN#1614 DEFZ. IN¥1814 MRAD ERROR
#1 57 ‘ 44 . 666
#2 38 26 . 861
#3 11 3 . 838
#4 6 2 . 821
#5 26 14 .033
#6 36 23 . 835

HELIOSTAT-AVERAGE MRAD ERROR: .642

(2>, TORGUE TUEE - WIND AND GRAYITY TORSIONAL LOADING

TORSION FROM END TORSION MID TORSION EFF MRAD TORSION
LIIND 132 . 851 ’ . 651
GRAVITY ) a @ B

ARITHMETIC-5UM MRAD TORSIONAL ERROKR: . 851

(3).TORGUE TUBE + FLANGE - WIMD AMD GRAYITY LOAD BENDING:

TORGQUE TUEE DEF1,IN¥1614 DEFZ, IN¥1E814 MRAD EEND
LIIND 231 19 « 232
GRAVITY %) a (7
YECTOR-SUM MRAD BENDING ERROR: . 252

(4).VYECTOR-COMBINED EEAM & TORGUE TUEE EBENDING & TORSION EFFECTS:
TORQUE TUBE  TORGUE TUEBE

MIRROR  EEAM DEFLECTION TORSIOHAL BENDING YECTOR-SUM
MODULE MRAD ERFOR MERD ERROR MRAD ERROR MRAD ERROR
#1 . 866 . 851 . 252 207
#e . 861 , 8351 252 27O
#3 . 038 . 651 . 292 . 267
#4 . 821 . 851 T 252 . 293
#5 © .833 . 851 . 252 . 292
#6 . 935 . 851 . 232 . 202

TOTAL HELIOSTAT RMS MRAD ERROR: . 262

E~H46



GRAYITY LOAD = @, WIND ANGLE, = 48 DEG, WIND SPEED = 27 MPH

¢1>.BEAM EENDING EFFECT (GRAVITY & WIND):

MODULE DEF1, IN¥1014 DEFZ., IN¥1614 MRAD ERROR
#1 o8 45 . 868
#2 39 . 27 . 853
#3 11 3 839
#4 S 2 . 02
#5 26 13 . 831
#o 29 22 .834

HELIOSTAT-AVERAGE MRAD ERROR: - .84z

(2>. TORGUE TUBE - WIND ANDY GRAYITY TORSIOMAL LORDING

TORSION FROM END TORSIOH MID TORSION EFF MRAD TORSIOH
GRAYITY o (5] (5]
ARITHMETIC-SUM MRAD TORSIOMAL ERFOR: . 857

(3. TORGQUE TUBE + FLANGE - MWIND AND GRAYITY LOAD BENDING:

TORGLIE TUEE DEF1, IM¥1&114 DEF2, IN#1G14 MRAD EEND
WIND ' 233 20 . 294
GRAVITY o e e
VECTOR-SUM MRAD EENDING ERROR: . 204

(43 . VECTOR-COMBIMED EBEAM & TORGUE TUBE BENDING & TORSIOW EFFECTS:
TORGUE TUBE  TORGUE TUEE

MIRROR ~ EEAM DEFLECTION TORSIOHAL EENDING YECTOR-SUM
MODULE MRAD ERROR MRAD ERROR MRAD ERROR MRAD ERROR
#1 . 868 BS7 . 254 . 283
#2 . 863 . 857 « 254 .28

#3 . 839 . 857 . 254 271
#4 . 82 . 857 . 294 . 256
#5 . 831 . 857 . 294 . 290
#e . 834 . 857 . 254 . 239
TOTAL HELIOSTAT EMS MRAD ERROR: . 266



GRAVITY LOAD = @, WIND ANGLE, = S@ DEG, WIND SFEED = 27 MFH

(1).BEAM EENDING EFFECT (GRRAVITY & WIND):

MUDULE DEF1, IN#1814 DEFZ., IN¥#1614 MRAD ERROR

#1 68 46 . 669

#2 40 27 . 865

#3 11 3 . 64

#4 9 1 .618

#5 17 12 . 828

#6 26 26 831
HELIOSTHT—H?ERHGE MRAD ERRCOR: 841

(2).TORQUE TUEBE - WIND AND GRAYITY TORSIOMAL LOADING

TORSION FROM EHD TORSION MID TORSION EFF MRARD TORSION
WIND . 169 . 865 . 865
GRAVITY (<) @ (2
ARITHMETIC-SUM MRARD TORSIONAL ERROR: . 865

(3. TORGUE TUEE + FLAWGE — WIMD AWD GRAYITY LOAD BENDING:

TORGUE TUEE DEF1, IN#1614 | DEFZ. IN$1&@14 - MRAD BEND
IIND 233 19 . 253
GRAVITY a (%) a
VECTUR-SUM MRAD BEMDIING ERROR: . 233

(4>.VECTOR-COMEINED BEAM & TORGUE TUEE EENDING & TORSION EFFECTS:
TORGLIE TUBE  TORGUE TUEBE

MIRROR  BEAM DEFLECTION TORSIOHAL EEMDING YECTOR-SUM
MODULE MRAD ERFOR MREAD ERROR MREAD ERROR MRAD ERROR
#1 . 669 . 8165 . 253 : . 286
#z « 965 . B35 » 253 . 284
#3 .84 . 863 « 253 273

#4 .018 . 865 233 . 237
#5 . 828 . 665 . 293 . 299
#6 . 851 .665 « 233 . 295
TOTAL HELIOSTAT RMS HFHD EFFUR ‘ . 268

E-1



GRAVITY LORD = @, WIND ANGLE, = é8 DEG, WIND SFEED = 27 MFH

(1)>.BEAM BENDING EFFECT (GRAVITY & WIND>:

MODULE DEF1.,IN¥1814 DEFZ2, INkK1614 MRAD ERROR

#1 &a 45 . 863

#2 4@ 27 885

#3 11 3 . B39

#4 4 1 .a14

#3 13 g 821

#6 13 15 . 824
HELIﬂbTHT AVERRGE MRAD ERRCOR: .83

(2>. TORQUE TUBE - WIND AND GRAVITY TORSIOMWAL LOARDING

TURQION FROM EHD TORSION MID TORSION EFF MREAD TORSION
HIND .198 . 876 . 876
UEH?IT? g %) %)
HFITHHETIC-%UN MRAD TORSIONAL ERROR: . 876

(3. TORQUE TURE + FLAMGE - WIND AND GRAYITY LOAL BEMDING:

TORGUE TUERE LEF1, IMN#1G 14 DEFZ, IH#¥1614 MRAD EBEND
WIND 218 18 . 237
GRAVITY a (%) @
YECTOR-SUM MRAD EENDING ERROR: . 237

" (4).VECTOR-COMBINED EEAM & TORQUE TUBE EENDING & TORSION EFFECTS:
TORGQUE TUBE  TORGUE TUEBE

MIRROR  BEAM DEFLECTION TORSIOMAL EENDING YECTOR-SUM
MODULE MRAD ERROR MRAD ERROR MRAD ERFROR MRAD ERROR
#1 . 869 876 . 237 ey
#2 . 865 . 876 . 237 27D
#3 . 839 876 . 237 . 263
#4 .814 . 876 237 « 243
#5 . 821 . 876 . 237 . 243
#6 . 824 . 876 . 237 242

TOTAL HELIUCTHT RMS MRAD ERROR: . 297

E-44



GRAVITY LORD = @, WIND ANGLE., = 78 DEG, MWIND SFEED = 27 MFH

(1>.BEAM BENDING EFFECT (GRAVITY & WIND>:

MODULE DEF1, IN¥1614 DEF2, IN¥1614 MRAD ERROR
- #1 59 46 . 069

#2 46 27 . 065

#3 11 3 . 839

#4 2 & SE-03

#3 4 S .612

#6 10 g .614
HELICSTAT-AYERAGE MRAD ERROR: 634

(2).TORQUE TUEE - WIND AND GRAYITY TORSICONAL LORDING

TORSION FROM END TORSION MID TORSION EFF MRAD TORSIOH
MIND . 245 . 854 - . 894
GRAVYITY a a - 5}
ARITHMETIC-SUM MRAD TORSIONAL ERROR: . 854

(3). TORGUE TUEE + FLANGE - WIND AWD GRAYITY LOAD EENDING:

TORGIE TUBE DEF1,IH¥1614 DEFZ, IN¥1atd MKRAD BEND
LIND 172 14 . 187
GRAVITY @ %) 5] 7
YECTOR-SUM MRAD BEMDING ERROR: .187¢

(4> .VECTOR~COMEINED EBEAM & TORGUE TUBE EENDING & TORSION EFFECTS:
TORGUE TUBE  TORGUE TUEBE

MIRROR  EEAM DEFLECTION TORSIOMAL EENDING YECTOR—-SUM
MODULE MRAD ERROR MRAD ERROR MRAD ERROR MRAD ERFOR
#1 . 859 . 8924 .16V . .248
#2 B85 . 824 .187 . 245
#3 . 839 . 894 .167 . 229
#4 cE-83 . 024 . 187 . 266
#5 012 . 824 167 . 284
#6 .014 . 854 .187 . 283

TOTAL HELIOSTAT RMS MRAD ERROR: . 223

E-So



GRAVITY LOAD = ©, WIND ANGLE., = 80 DEG., WIND SFEED = 27 MFH

(1>.EBEAM BENDING EFFECT (GRAYITY & WIND):

MODULE DEF1, IN®1614 DEF2, IN¥1614 MRAD ERROR
#1 34 26 .84
42 23 15 . 838
#3 & : 2 . 822
#4 o (%) 2E-83
#5 1 e SE-83
#5 2 1 3E-83
HELIOSTAT-AYERAGE MRAD ERROR: .a18

(2. TORQUE TUEE - WIND AND GRAYITY TORSIONAL LORDING

TORSION FROM ENDN TORSION MID TORSION EFF MRAD TUEQIGH
WIND . 163 . 863 . 863
GRAVITY a a o
ARITHMETIC-SUM MREAD TORSIOHAL ERROR: . 863

(32, TORQUE TUEBE + FLAMGE - WIND AND GRAYITY LOAD BEWDING:

TORGUE TUEE DEF1, IM#1& 14 DEFZ, IN¥1G 14 MRAL BEND
WIND : o & . 882
GRAYITY a (5] 5]

 WECTOR-SUM MRRD BEMDING ERROR: . G682

(4).?ECTDE—CDNBIHED EEAM & TORGUE TUEE EENDING & TORSIOM EFFECTS:
TORBUE TUEE TORGQUE TUEE

MIRROR  BEAM DEFLECTION TORSIOMAL EENDING VECTOR-SUM
MODULE MRAD ERROR  MRAD ERROR  MRAD ERROR MRAD ERROR
#1 .04 . 063 . 852 131
#2 LB38 . 663 . G5z .13
#3 . 622 . G663 N 118
#4 ZE-@5 . B63 .88z . 162
#5 2E-03 663 632 . 182
#6 2E-63 . 063 L @3z . 1G2
TOTAL HELIOSTAT RMS MRAD ERROR: 114

E-~S)



GRAVITY LOAD = @, WIND ANGLE, = 20 DEG, WIND SFEED = 27 MPH

(1>.EBEAM BENDING EFFECT (GRAVITY & MWIND)>:

MODULE DEF1, IN¥1614 DEFz. IN¥1614 MRAL ERROR
#1 a %) 1E-63
#2 e e 1E-63
#3 o (3] 1E-83
#4 (o) a 1E-83
#5 a a 1E-63
#o6 a (%) 1E-83

HELIOSTAT-AVERAGE MRAD ERROR: 1E-83

(22. TORGUE TUBE - WIND AND GRAYITY TORSIOWAL LOADING

TORSION FROM END TORSION MID TORSION EFF MRAD TORSIOH
 WIND 8 @ @

GRAYITY 8 8 @

ARITHMETIC-SUM MRAD TORSIONAL ERROR: @

(3>.TORQUE TUBE + FLANGE - WIND AND GRAVITY LOAD BENDING:

TORGQUE TUEE LEF1. IM#16@14 LEFZ. IMN#1614 MRALD BEND
WIND a ) g
GRAVITY @ ) ‘ o
YECTOR-SUM MRAD EENDING ERROR: a

(4> VECTOR-COMEINED BEAM & TORQUE TUEBE EENDING & TORSION EFFECTS:

TORGUE TUBE  TORGUE TUEE :
MIRROR  BEAM DEFLECTION TORSIOHAL BENDING VECTOR-5UM

MODULE MRAD ERROR MRAD ERROR MRAD ERROR MREARD ERROR
#1 1E-83 (5] a 5}
#2 1E-83 a a e
#3 1E-83 o e a
#4 1E-63 (5] e (5]
#5 1E-63 X a é
#6 1E-83 e =) @

TOTAL HELIOSTAT RMS MRAD ERROR: %)

£-52



TOTAL FIELD STATISTICAL SUMMARY :

FIELD RMS MRAD ERROR = .23



WIND & GRAVITY MRAD ERROR AMALYSIS

INFUT WIND SFEED AT 387,MFH = 27
INFUT MIRROR MODULE WEIGHT, EACH.LE = 199.2
INFUT BEAM IMNERTIA, INT4
INFUT BEAM WEIGHT. LE/FT = 6.65
INFUT TORGUE TUEE LENGTH, IMCHES = 110.38

249

INPUT TORGUE TUBE 0.D., IMCHES = 12.75
INFUT TORGUE TUEBE MWALL THICKNES:S, INCHES = .23

TORGUE TUEE I.D., IMCHES = 12.25

TORQUE TUBE BEMDING IMERTIA. INCHESTY = 131,82

TORGUE TUEE + FLAMGE EQUIY BEMDING IMERTIA. INCHEST4 =
TORGUE TUEE ﬁOLHR INEFTIA, INCHEST4 = 383.64

TORGUE TUEE WEIGHT LBAFT = 33.34



WIND HHHLE; = & DEG., WIWD SFPEED = 27 MFH

(1. BEAM BEMDING EFFECT (GRAVITY & IINDX:

MODULE DEF1, IN#1614 DEFZ. IN¥1G14 MFAD ERROR
#1 43 33 . 845
#2 ) 12 . 846
#3 8 2 iy
#4 8 2 . 823
#S 29 19 . 6845
#c 43 33 843

HELIOSTAT-AYERAGE MRAD ERROR: . 841

(22, TORGUE TUBE - WIND AMD GRAYITY TORSIONAL LORDING

TORSION FROM ENDI TORSICOH MID TORSION EFF MRAD TORSION
WIND a a (5]
GRAYITY . el 133 153
ARITHMET IC-SUM MRAD TORSIONAL EFFGR 133

(32.TORZUE TUBE + FLANGE - WIMDN AND GRAYITY LOARD EENDING:

TORGQLIE TUEE DEF1, IN#1814 DEF=, IN%1@14 MRAD EEND
WIND 228 19 . 248
GRAVITY su3 i . 873
YECTOR-SUM MRAD BEMDING ERROR: . 248

(4>.VECTOR-COMEINED BEAM & TORGUE TUBE EENDING & TORSION EFFECTS:
TORGUE TUBE  TORGUE TUEE

MIRROR  BEAM DEFLECTION TORSIOHAL BEMIDING YECTOR-SUM
MODULE MRAD ERROR MRAD ERROR MRAD ERROR MRAD ERROE
#1 . 843 . 193 .248 . 346
#2 . 845 193 . 248 . 344
#3 . 823 . 193 . 248 . 332
#4 . 825 .193 . 248 . 297
#5 . 846 .193 . 248 . 288
#6 . 849 193 243 . 287

TOTAL HELIOSTAT RMS MRAD ERROR: . 316

E-55



NINB HHULE; = 18 DEG, WIND HFEED = 27 MFH

{1>.EBEAM BEHDIMG EFFECT (GRAMITY & MWIND2:

MODULE TEF 1, IM#1814 DEF2. IH#16 14 MRAD ERROR
#1 73 57 B84
#z 43 34 .73
b 14 - 4 . 842
#4 12 4 -@41
#5 41 28 . B6E
#e 61 47 .67
HEL 10STAT-AYERAGE MRAT ERROR: . 864

(2. TORQUE TUBE - WIND AND GRH?IT? TORSIONAL LOARDIMG

TORSION FROM END TORSION MID! TORSION EFF MRAD TORSION
WIND 862 . 6824 . 824
GRAYITY LA .15 .13
HPITHHETIC—SUM MRAD TORSIONAL ERROR: .214

3. TORGUE TUEE + FLAMGE - MWINWD AND GRAYITY LOAD EEMDING:

TORQUE TUEE DEFI IN¥1614 DEF2, IN#1614 MREAD EEMD
WIND 228 13 L 245
GRAYITY 8as 7o . 873
YECTOR-SUM MEAD EENDING ERROR: .4

(4).YECTOR-COMEINED EBEAM & TORGIIE TUERE BENDING & TORSIOH EFFECTS:
TORGUE TUBE  TORGUE TUEE

MIRROR  BEAM DEFLECTIOM TORSIOQMAL BEMIDING VECTOR-SUM
MODULE HPHD ERROR MRAD ERROR MRERD ERROR MRAD ERRCR

#1 .@u4 .214 .4 . 435

#2 873 214 .4 . 435

#3 . 84S 214 -4 . 478

#4 . 841 .214 . « 436

#5 . 866 . 214 .4 426

#o . 871 214 . 425




WIND AHGLE., = 28 DEG, WIND SPEED = 27 MFH

(1>.BEAM BEMDING EFFECT (GRAYITY & WIND>:

MOTULE DEF 1, IN#1@t4 DEFZ, IN#1614 MRAD ERFOR

#1 102 75 117

#z &8 47 183

#3 14 & .57

#4 16 5 . 654

#5 55 3& . BES

#e gz 63 . 894
HELIOSTAT-AYERAGE MRAD ERROR: . B5E

(2).TORQUE TUBE - WIND AMD GRAYITY TURSIOWAL LORDING

TORSION FROM EMD TORSIOM MID TORZION EFF MRAD TORSION
LIIND . 1682 . 835 . 835

- GRAVITY .37 . 181 . 181
ARITHMETIC-SUM MRAD TORSIOMAL ERROR: o221

(3. TORGUE TUEBE + FLANGE - WIMD AMD GRAYITY LOAD EEMDING:

TORRUE TUEE DEF1, IN¥1@14 DEFZ., IN#1G14 MREAD EEND
WIND 238 15 ]
GRAVITY 863 g 873
VECTOR-SUM MRAD EEWDING ERROR: . 043

(4).VECTOR-COMEIMED BEAM & TORGQUE TUBE BENDING & TDﬁSIDH EFFECTS:
TORQUE TUEBE TORGUE TUEE

MIRRCOR  EBEAM DEFLECTION TORSICONAL BENDING VECTOR-SUM
MODULE MRAD ERRCR MREARLD ERROR MRARD ERFOR MRAD ERROR
#1 117 221 . 945 . &34
2 . 183 221 . 545 .64
#3 . 857 . 221 Nk .613
#4 854 221 . S43 T
#3 . 858 . 221 . 45 . D62
#o . 834 221 o 945 . 963

TOTAL HELIOSTAT EMS MRAD ERROR: . 661
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WIND AMGLE, = 38 DEG. WIND SFEED = 27 MFH

(1>.BEAM BEHMDING EFFECT (GRAYITY & WIMD>:

MODULE DEF1, IN#181d DEFZ. IN¥1014 MRAD ERROR

#1 128 93 . 147

2 86 ) 137

#3 25 & . 824

#4 6 6 . 857

#5 &3 . 47 . 1839

#& 181 78 116
HELIOSTAT-AYERAGE MRAD ERROFR : .11

¢2>. TORQUE TUEE - WIND AND GRAVITY TORSIOHAL LOADING

TORSION FROM EMD TORSION MID TORSION EFF MREAD TORSION
WIND 132 . 851 . 851
GRAYITY . 433 . 167 . 167
ARITHMETIC-SUM MRAD TORSIOMAL ERROR: ' 218

¢3). TORGUE TUEE + FLANGE - WIMD AMD GRAYITY LOAD BEMDING:

TORGUE TUEBE DEF1, IN#1614 DEFZ., IN*1@t4 MRALD EEND
LIIND 231 12 252
GRAVITY a3 g 573
VECTOR-SUM MRAD BENDING ERREOR: . 685

() VECTOR-COMEINEDT BEAM & TORQUE TUBE EENDING & TORSIOM EFFECTS:
TORQUE TUBE  TORGUE TUBE

MIRROR  BEAM DEFLECTIOH TORSIONAL BEMDING YECTOR-SUM
MODULE MRAD ERROR MREAD ERFOR MRERD ERROR MRAD ERRCOR
#1 . 147 218 B89 r e
#2 137 .218 . 685 D
#3 . 884 218 . 683 ro
#4 . BE7 218 .BE3 « 79
#5 . 169 218 . 683 637
#5 .118 .218 . 653 . 596

TOTAL HELIOSTAT RMS MRAD ERROR:



WIND AMGLE, = 44 DEG. WINDN SFEED = 27 MFH

(1>.BEAM EBENDING EFFECT (GRAVITY & WIMD):
MODULE DEF1, IN#161d DEFZ. IMN%1a14 MREAD ERFOF

#1 158 115 N s
#2 161 e . 151
#3 29 g . 835
#4 23 & . 873
#5 &1 2% 129
#c 121 a3 138

HELIOSTAT-AVERAGE MREAD ERROR: . 125

(2). TORQUE TUEE - WIND AMD GRAYITY TORSIONAL LOADIHG

TORSION FROM END TORSICN MID TORSION EFF MRAD TORSIOH
IND . 148 .657 L B57
GRAYITY . 383 . 1483 . 148
ARITHMET IC-5UM MRAD TORSIOMAL ERROR: . 265

(3. TORMIE TUEE + FLAMGE — WIMD AND GRAYITY LOAD EEMDING:

TORGUE TUEE DEF1, IM#1814 DEFZ. IM#1aMd MRAD EEND
WIND 233 24d .20
GRAVITY a3 g 873
VECTOR-SUM MRAD EBENDING ERRCOR: .815

(4).YECTOR-COMEINED FEAM & TORQUE TUBE EENDING & TORSION EFFECTS:
TORGUE TUBE  TORRUE TUEE

MIRROR  BEAM DEFLECTION TORSIOMAL BEWDING YECTOR-SUM
MODULE MRAD ERROR MRARD ERROR MRERD ERROF MRAD ERFEOR
#1 172 L2835 .815 . 897
#2 .1&1 < 2685 815 . 393
#3 . 835 . 285 .815 . 862
#4 . 879 . 2685 815 . 824
#35 128 . 203 .815 .518
#6 .138 . 285 815 .817

TOTAL HELIOSTAT RMS MRAD ERROR: . 833
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WIND' AHGLE. = S& DEG, WIMD SFEED = 27 MPH

(1>.EBEAM EENDING EFFECT (GRAVITY & WINDO:

MODULE DEF 1., IN#¥161td DEFZ. IN¥1614 MRERLI ERFCOR

#1 165 131 . 195

#2 114 L) 181

#3 ' 33 11 .11

#4 by _ 8 . 882

#5 21 62 . 144

#e 135 164 « 155
HELIOSTAT-AYERAGE MRAD ERROR: « 143

(2>.TORGUE TUBE - MWIND AHD GRAYITY TORSIONAL LOADIMG

TORSION FROM ~ END TORSION MID TORSION EFF MRAD TORSICOH
WIND . 165 - . 865 . 865
GRAVITY . 322 . 124 . 124
ARITHMET IC-SUM MRAD TORSIOMAL ERFOR: . 189

(3>.TORGUE TUEBE + FLAMGE - WIMD AMD GRAYITY LOAD EENDING:

TORGUE TUEE DEF1. IN¥1G14 DEFZ, IM* 1614 MRAD EEMD
WIND 233 19 - .253
GRAVITY sa3 76 873
VECTOR-SUM MRAD EENDING ERROR: .92z

{4).VYECTOR-COMEINED EEAM & TORGUE TUFE EEMDING & TORSIOM EFFECTS:
TORGUE TUBE  TORQUE TUEE

MIRROR  BERM DEFLECTION TORSIOHAL BEMDING VECTOR-3UM
MODULE MRALN ERROR MRAD ERROR MRAD ERROR MRALI ERROR
#1 153 .183 . S22 . 938
2 .181 .189 . 822 . 953

#3 .11 .189 S22 . 963

#4 . 869 : .1632 022 « 227
#5 144 . 1682 322 . 923
#6 . 135 . 189 S22 o 922
TOTAL HELIOSTAT RMS MRAD ERROR: , « 333
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WIND AMGLE., = &8 DEG, WIND SPEED = 27V MPH

C1>.FEAM BENDING EFFECT (GRAYITY & MWIHD):

MODULE DEF1.IH¥1@14 DEFZ, IN¥1&14 MEALD ERFOR

#1 183 141 . 283

Z 123 84 . 186

#3 33 11 119

#4 28 3 . 034

#5 26 66 . 152

#6 143 114 .1c4
HELIOSTAT-AVYERAGE MEAD ERROR: . 135

(22.TORGUE TUEE - WIND AND GRAYITY TORSIOWAL LOADIMG

TORSION FROM EMD TORSION MID TORSIOH EFF MREAD TORSION
WMIND 1328 . 876 . 876
GRAVITY T a5 . 855 . B35

ARITHMETIC-SUM MREAD TORSIOMAL ERROR: ' . 173

(3> TORGUE TUEE + FLAMGE - WINWD AWD GRAYITY LOAD BEWDING:

TORGQUE TUEE DEF1. IMH#1& 14 DEFZ, IN#1@ 14 MRAD BEND
WIND 218 13 . 237
GRAVITY 863 7 . 873
YECTOR-5UM MREAD BENDING ERROR: . 353

(4>.VECTOR-COMBINED BEAM & TORGUE TUEE BEMDING & TORSIOMW EFFECTS:
TORGUE TUEBE  TORGUE TLEE

MIRROR  EBEAM DEFLECTIOM TORSIOHAL BENDIHG VECTOR-SUM
MODULE MRAD ERROR MRAD ERROR MRAD' ERROR MRAD ERROE
#1 . 289 173 2323 1.6863
#2 . 156 .173 933 1.859
#3 . 119 173 . 993 1.835
#4 . 8634 173 <9393 . 396
#35 152 . 173 « 333 . 993
#5 164 . 173 933 . 933

TOTAL HELIOSTAT RMS MRAD ERROR: 1.6823



(1>.BEAM EENDING EFFECT (GRAVITY & WINDX:

MODULE DEF1, IN¥1&td DEFZ. IN$16814 MRAD ERROE

#1 133 143 . 221

2 130 ag . 287

3 37 12 . 125

#4 28 9 . 634

#5 ar 66 . 154

#5 144 111 . 166
HELIOSTAT-AYERAGE MRAD ERROR: .161

(2>.TORQUE TUEBE - WIND AND GRAVITY TORSIOMAL LOADING

TORSION FROM EMD TORSION MID TORSION EFF MRAD TORSION
WIND . 245 . 694 . 694
GRAYITY 171 . BE6 : . BES
FARITHMETIC-SUM MRAD TORSIONAL ERFOR: .16

(3. TORQUE TUEE + FLAMGE — WIMD AMD GRAVITY LOAD BEMDIMG:

TORGUE TUEE DEF1., IN#1014 DEFZ, IN¥1@14 MRAD EBEMD
WIND 172 14 .18v
GRAVITY 8as e ' 873
VECTOR-SUM MRAD BENDING ERROR: 1.668

(4> . VECTOR-COMBIMED BEAM & TORGUE TUBE EBENDING & TORSION EFFECTS:
TORGUE TUBE  TORGUE TUBE

MIRROR  BEAM DEFLECTION TORSIOHAL BENDING YECTOR-SUM
MODULE MRAD ERRUOR MRAD ERROR MRAD ERROR MREHD ERROR
#1 . 221 .16 1.088 1.677
#2 . 287 .16 1.085 1.e872
#3 . 125 .16 1.688 1.047
#4 . 824 .16 1.085 1.01
#5 . 154 .16 1.6888 ' 1.848
#e . 166 .16 1.002 1,685

TOTAL HELIOSTAT RMS MRAD ERROR: ‘ 1.637
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(1>.BEAM BEMDING EFFECT (GRAYITY & WIMD):

MODULE DEF1.IM#16814 DEFZ.IMN#1814 MRAD ERFROR

#1 174 134 .2

#2 117 & 137

3 33 11 113

#d 2 , 2 853

#5 85 = 152

#& 142 163 163 -
HELIOSTAT-AYERAGE MRAD ERROR: . 151

(2) . TORGZUE TUBE - WIND AMD GRAYITY TORSIOMAL LOADING

TORSION FROM END TORSION MID TORSION EFF MRAD TORSION
WIND .163 | . 863 . 6653
GRAYITY @57 L B33 . 633
ARITHMETIC-SUM MRAD TORSIONAL ERFOR: . 896

(32.TORMUE TUEE + FLANGE - WIWD AHD GRAWITY LOARD BEMDING:

TORQUE TUBE DEF1. IN®¥1@1d DEFZ. IN¥1G14 MREALT BEMD
WIND It & . 882
GRAVITY 8u3 g . 373
YECTOR-SUM MRAD BENDNIMG ERROR: . 543

(4> .VECTOR-COMEIMED FEAM & TORRUE TUBE BEWDING & TORSIOHW EFFECTS:
TORQUE TUEE  TORGQUE TUEE

MIRROR  BEAM DEFLECTION TORSIONAL BENDING YECTOR-SUM
MODULE MRAD ERROR MRAD ERROR MRRDI ERROR MRAD ERROR

#1 o2 . 896 . 943 . 985

2 .187 . 8395 . 243 . 554

#3 113 . 855 . 343 965

#4 . 853 835 943 . 243

#5 152 . 196 . 943 o 344

#e . 183 835 943 . 945
TOTAL HELIOSTAT RMS MRAD ERROR: : 961

£-¢3



WIND AMGLE, = DEH; WIMD SFEED = 2V MFH

(1>.BEAM EEMDING EFFECT (GRAVITY & WIHDO:

MODULE DEF1., IN®1G14 DEFZ., IN¥16T4 - MRAD ERROR

#1 142 116 182

#e 95 63 152

#3 27 g . 833

#4 27 g . B93 -

#3 S5 65 152

#& 142 118 162
HELIOSTAT-AYERAGE MRAD ERROR: - 1335

(2. TORGUE TUEE - WIND AND GREAYITY TORSIOHAL LOADING

TORSION FROM END TORSIOH MID TORSION EFF MRAD TORSIOM
HIND e (%) e
GPH”IT? -1E-8= -1E-83 ~-1E-83
HRITHMETIC—ﬁHM MRAD TORSIOHHAL ERROR: -1E-83

{3». TORGUE TUEBE + FLAMGE - WIMD AMD GRAVITY LOAD BEMDING:

TORGUE TUEE DEF1. IH%1G14 DEFZ., IH#1at4 MRALD BEND
WIND o 5] @
GRAVYITY 883 g™ 873

VECTOR-SUM MRAD BENDING ERROR: . 873

(4>.VECTOR-COMEIMED PEAM & TORGLE TUEE BEMDING & TORSION EFFECTS:
TORGUE TUEE  TORGUE TUEE

MIRROR  BEAM DEFLECTION TORSIOMAL EENDING VECTOR-SUM
MODULE MRAD ERROR MRAD ERROR MRAD ERROR MRAD ERROR
#1 . 162 -1E-@a3 . 873 . 387
#2 . 152 -1E-63 873 . 885
#3 . 853 -1E-83 873 . 877
#4 . 893 -1E-83 . 873 . 877
#5 . 1352 -1E-@3 .873 . 866
#5 . 162 ~-1E-@3 873 . 887

- TUTAHL HELIUJTHT RMS MRAD ERROR: . 383
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TOTAL FIELD STATISTICAL SUMMARY:

FIELD RMS MRAD ERROR = .817
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9.5.2.3 Drive Unit Deflections

The attached analysis provides the drive unit deflections
for the gravity-only case, the 27 mph wind-only case, and the combined
gravity plus 27 mph wind case. A large portion of this analysis
deals with the deflection of the ball bearings because it is believed
that the bearings are the key to a stiff drive unit. The table on
the following page summarizes the worst-case bearing deflections
for both the azimuth and elevation axes. It should be noted that
the design philosophy on treating gravity deflections such as the
bearing deflections is to utilize the software and the mirror module
canting/alignment fixture to remove these predictable deflections
from the error category. The only error that would result is the
error associated with the prediction, and with the correction

technique. -
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