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ABSTRACT 

Production, transportation, installation, checkout, operation and maintenance 
of a collector subsystem for a 50 MW/l.5 solar-multiple solar-electric power 
plant are described. A capital cost estimate for the collector subsystem 
component manufacturing plant is given. An estimate of the acquisition costs 
for a collector subsystem installed at a 50 MW/l.5-SM power plant are also 
provided. Annual operation and maintenance cost estimates are also given. 
Appendices provide detail plant layouts, production flows and cost 
information. 
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FOREWORD 

This volume of the detail design report was prepared to satisfy the 
requirements of Task 2-E of Sandia Laboratories1 Contract 83-2729C. It 
describes the manufacturing, transportation, installation, operation, 
maintenance, and cost estimates of a second generation solar energy collector 
subsystem for thermal-electric-power and industrial process heat plants. The 
results of subtasks 2.E.2 and 2.E.4 of the contract are reported in this 
volume. Volume 1 contains the detail design description, trade studies and 
analyses of the collector sJlbsystem. Because the contract did not provide for 
detail design of the collector control subsystem, manufacturing plans and cost 
estimates for that item are only briefly referred to. 

The development project for the second generation collector subsystem was 
performed by the Boeing Engineering and Construction Company (BEC), under the 
direction of Mr. Roger B. Gillette, Program Manager; the Sandia Technical 
Manager was Mr. Charles Pignolet. 

BEC was assisted in this project by two major subcontractors: Ford Aerospace 
and Communications Corporation (Western Development Laboratories Division), 
and Pittsburgh Corning Corporation. Ford designed and fabricated the 
prototype gimbal-drive assemblies and planned the production capability for 
the gimbal and frame. Pittsburgh Corning fabricated the prototype reflector 
facet assemblies, and performed the production planning for the facet. 

BEC was also assisted by two electric utilities: Public Service Company of 
New Mexico, and Arizona Public Service Company. Abbas Akhil (Public Service 
Company of New Mexico) and Darryl Barnes (Arizona Public Service Company) 
provided helpful technical advice during the design phase. 

9 



PRODUCTION PLANNING AND COST ESTIMATES 
FOR 

HIGH-VOLUME PRODUCTION OF A 
SECOND-GENERATION-HELIOSTAT COLLECTOR SUBSYSTEM 



SECTION 1 

INTRODUCTION 

1.1 General 

Sandia Laboratories contract 83-2729C with the Boeing Engineering & 
Construction Company required a preliminary design of the production, 
transportation, installation, and maintenance functions for the collector 
subsystem. In addition, cost estimates for the subsystem were to be prepared 
based on the preliminary design. The results of these two tasks are summarized 
in this volume. Volume I summarizes the design and test results for the 
prototype heliostat design. 

1.2 General Market Area 

In planning for production of second generation heliostat collector subsystem, 
Sandia specified that the potential solar power plant market would be in the 

southwestern United States. Therefore, this plan has been based on initial 

production to support plants located in that area. All plants are assumed to 
be new; repowered plants were not considered. 

1.3 Collector Field Size 

Sandia specified that all planning would be based on a collector field sized 
for a 50MW solar electric power plant with a solar multiple of 1.5. The number 
of heliostats required and the field layout was determined by Sandia using 
BEC-supplied performance data for the heliostat. A Sandia computer 
code, DELSOL, was used to size and layout the field. All planning for field 
installation, checkout, etc., is based on this Sandia-developed information. 

11 



SECTION 2 

Manufacturing, Transportation, Installation, Operations and 
Maintenance of the Collector Subsystem 

To evaluate the production costs for BEC·s Second Generation Heliostats, it 
was necessary to first establish a solar electric plant deployment scenario. 
This scenario consists of the possible locations for the plants, general plant 
activation and construction schedules, a preferred assembly concept, and the 
associated production logistics. Manufacturing, transportation, installation 
and checkout, and operation and maintenance concepts were tpen developed which 
support the deployment scenario. 

2.1 Deployment Scenario 

Sandia specified that the potential market area for solar-electric power 
plants was in the 8-state region comprised of California, Nevada, Utah, 
Colorado, Arizona, New Mexico, Texas and Oklahoma. Within this region a 
central manufacturing facility (CMF) was to be located. The power plants 
were to be evenly distributed within a 400 mile radius of the CMF. In order 
to choose a reasonable location for the CMF, it was first necessary to make 
some estimate of potential solar-electric plant locations. 

2.1.1 Central Manufacturing Plant Location 

Potential areas for solar-electric power plants in the 8-state region were 
reviewed. The major factors considered were insolation availability, 
topography, highway and rail access, transmission line availability, and 
nearness to potential load centers. These factors led to the power plant 
deployment scenario depicted in Figure 2-1. The total number of plants and 
pertinent comparative statistics are shown in Table 2-1. 

Based on the solar-electric-power-plant deployment scenario, CMF locations 
were considered which would minimize collector subsystem transportation 
costs from the CMF to the electric plant sites. In addition, candidate eMF 
locations were required to have adequate labor, land and energy supplies. 
Phoenix, Arizona was selected as the preferred site. The relation of 

12 
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Table 2-'. Solar-Electric Plant Distribution Statistics 

Area with 
Insolation-500 LID-

Total 
MW (~ Area~ 

Miles2 No. of total) Miles Percent 

Arizona 36 1800 
(46.2%) 

113,909 74,041 46.9% 

California 16 800 158,693 31,739 20.1~ 
(20.5%) 

Colorado 1 50 104,247 1,043 0.7% 
(1.3%) 

Nevada 5 250 110,540 11,054 7.0% 
(6.4%) 

New Mexico 17 850 121,666 36,500 23.1% (21.8%) 

Texas 2 100 267,338 2,674 1.7% (2.6%) 

Utah 1 50 84,916 849 0.5% (1.3%) 

Totals 78 3900 - 157,900 100% 

- LID - Lang6eys per day 
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Phoenix to the region's insolation characteristics is shown in Figure 2-2. 

A general design/construction schedule for the CMF is shown in Figure 2-3. 

2.1.2 Solar-Electric Plant Activation/Construction Schedule 

Sandia specified that the production planning scenario would be based on a 
CMF output of 20,000 heliostats the first year (June 1, 1984 through May 31, 
1985). Thereafter, production was to be at the rate of 50,000 heliostats 
per year. Both outputs were to be based on two shifts/day. In addition, 
each electric plant was to have an output of 50MW with approximately three 
hours of thermal storage.* 

Using BEC-supplied performance data for the heliostat, Sandia determined that 
6914 heliostats would be required for a SOMW/SMl.S plant. Based on this 
requirement, a general plot plan and construction schedule for the plant were 
developed; these are shown in Figures 2-4 and 2-5. A detailed collector 
subsystem construction schedule is shown in Figure 2-6. The plant and 
subsystem construction schedules are based on reasonable estimates of 
construction flow times and are compatible with other published information 
for similar plants: see references 2-1 and 2-2. 

Using the construction schedules shown in Figures 2-5 and 2-6, a 
solar-electric power plant activation schedule was established which was 
compatible with the Sandia-specified heliostat production rate. As shown in 
Figure 2-7, approximately 11 plants are being constructed in anyone year. 
This activation rate must be accounted for in the production plan for the 
collector subsystem. 

*-The collector subsystem was sized for a SOMW electric plant with a solar 
multiple of 1.5 (approximately 3 hours of storage). Sandia used their DELSOL 

computer program to size the field. 
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2.1.3 Heliostat Final Assembly Concept 

Because of its large size (approximately 24.5' x 20'), it is not feasible to 
assemble and transport the heliostat reflector from the CMF to each plant 
site. Thus, an alternate assembly concept must be chosen which is 
compatible with the electric plant construction schedule and the specified 
production rates. The principal alternatives involved various degrees of 
on-site assembly using either a pre-engineered high-production-rate facility or 
the power-plant maintenance and warehouse building*; both are referred to as 
the site assembly building (SAB). 

Several final assembly methods were evaluated on a single-piece and a 
three-piece torque tube. A complete list of the alternatives is given in Table 
2-3, which also gives the incremental costs for each option. Certain options 
are not feasible and were rejected. The remaining feasible options are 
compared in Figure 2-8; some of these are illustrated in Figure 2-9. 

To determine the preferred option, selection criteria were established and 
assigned the weights shown in Table 2-4. The feasible options were then scored 
according to these criteria; the results are shown in Table 2-5. Based on this 
evaluation, a 3-piece torque tube was selected (option B2) as the preferred 

design, with the right and left reflector subassemblies being assembled in the 

SAB (which is temporarily activated within the power-plants' maintenance and 
warehouse building). The subassemblies are then transported to the field and 
mounted on the gimbal-drive assembly, which has previously been installed on 
the pedestal. 

*For power plants of this size (50MW) it is expected that a maintenance and 
warehouse building would be provided. Coordination with several utilities 
resulted in the assumption that a 60' x 100' building would not be 
unreasonable. For the on-site assembly options, it is planned that this 
building could be constructed and used on a coordinated basis, so that no 
facility incremental cost was required. 
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Table 2-3. Incremental Costs for Alternate Assembly Techniques 
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Table 2-3. Incremental Costs for Alternate Assembly Techniques (Continued) 

Notes: 

F 

HF 

GA 

G 

CT 
• 

- One-piece torque tube-arm assembly 

- Outboard torque tube 
= Beams and braces 
... Facet 

... H·frame assembly 

... Gimbal-arm assembly 

os Gimbal assembly (includes elevation drivel 

.. Center torque-arm assembly 

.. Extra SAB required to meet installation rate: 

6,000 ft2b1dg 0 $4Olft2 - $240,00016,322 .. $38/helio 

X ... Baseline Phoenix factory capital cost. $5O,OOO/yr as estimated by FMCo. 

Q:::> .. Gimbal-arm installation requires 3 men 0 0.13 hrs 
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Table 2-4. Selection Criteria for Assembly Technique 

Criteria 
Comment or rationale No. Description Weight 

1 Lowest at·pedestal labor costs 4 Weather~used delays increase costs 
(thunderstorms in summer, dust and high 
winds in spring, low temperature In winter; 
potential damage to heliostat from handling) 

2 Lowest site capital costs 2 Reduce investment and logistic management 
costs (use available power plant buildings, 
reduce equipment downstreamlng costs) 

3 Lowest transportation costs 2 Fuel intensive operations sensitive to fuel 
escalation rates (partly offset by deregulation 
or trucking and improved fuel economy of 
trucks) 

4 Lowest piece-part unit costs 1 Production rate (50,OOO/Yrl probably ensures 
approximately equal $/pound cost of different 
configurations 
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Table 2-5. Comparison of Alternate Assembly Techniques 

Alternative 

Hellostat At-pedestal 
assembly operation Type labor 

No. . 
at pedestal torque tube 

A1 Assemble heliostat from "kit" 3-P 

A2 Assembl. h.llostat from panels 3-P 

A3 None--- 3-P 

B1 Assemble hellostat from "kit" 3-P 

B2 Assemble hellostat from panels 3-P 

B3 None--- 3-P 

03 None--- 1-P 

E Assemble h.llostat from panels 3-P 

- - Score 1 to 10: 1 - Least preferable, 10 - Most preferable 
••. Total Is sum of scores times weight of criteria 

••• - Entire hellostat Is assembled In SAB 

(4) 

1 

8 

7 

1 

8 

7 

7 

4 

l' 

Score - for criteria no. 
. (Weight of criteria) 

Site capital Transport Piece-part 
2 3 4 

(2) (2) (1) 

10 2 5 

7 2 6 

2 2 5 

9 3 6 

7 3 5 

2 3 6 

1 4 7 

10 1 5 
.~- ~----.-.----- --

I 

Tota'-- Rank 

33 8 

47 2 

41 6 

33 8 

49 1 

43 4 

45 3 

43 4 



2.1.4 Production Logistics 

2.1.4.1 Major Plant Locations 

Since Phoenix was selected as the location for the CMF, the balance of the 
production logistics was planned on that basis. 

A facet assembly plant (FAP) is required to meet the high production rates. It 

was concluded that such a facility could be cost-effectively located in 
Phoenix, and could most efficiently be located adjacent to the gimbal and frame 
manufacturing plant (GFMP) in order to reduce administrative and other overhead 
costs. Together, these two plants constitute the central manufacturing 
facility (CMF). 

Because a large amount of cellular glass is required, it is also cost-effective 
to produce this material in a plant adjacent to the facet plant. However, 
because the cellular glass is a proprietary product of the Pittsburgh Corning 
Corporation, the cellular glass plant is considered an entirely separate 
manufacturing entity. Thus, no benefits (except reduced transportation costs) 
are credited to the production costs estimates because of the colocation of 
this plant with the CMF. 

2.1.4.2 Raw Materials and Component Part Sources 

The major raw material requirements for the collector subsystem are for 
production of cellular glass. These materials (e.g., soda ash, lime, volcanic 

ash, etc.) are obtained from various sources throughout the United States and 
shipped by rail to the cellular glass plant. The necessary natural gas or 
electricity for the proces~ is available in the Phoenix area. 

Sheet fusion glass will be obtained from the Corning Glass Works plant in 
Blacksburg, Virginia. The front sheets will be silvered by an in-line 
conventional wet-chemistry process integrated with the fusion glass 
production. 
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The beams for the H-frames will be purchased direct from the Bethlehem Steel 
Corporation, and shipped from Lackawanna, New York. To provide balanced 
delivery rates, beams will be shipped via rail to each plant site. 

Steel castings and other materials for the gimbal drive and tubing for the 
torque tubes will be obtained from various sources throughout the United 
States. 

Motors and other electrical components for the gimbal-drive will be obtained 
central and western regions of the United States. 

Heliostat field, and array controllers could be manufactured in the Dallas 
and/or greater Los Angeles areas and shipped direct to the power plant sites. 

The overall production logistic concept is depicted in Figure 2-10. 

2.2 Manufacturing Plan 

The preliminary design of the manufacturing process was based on the production 
version of the collector subsystem. It is based on a concept of high-volume, 
low-cost production within the deployment scenario described in paragraph 2.1. 

2.2.1 Production Collector Subsystem Design Concept 

The production collector subsystem consists of a field of approximately 6900 
heliostats. The field is controlled by a computerized, digital electronic 
system which is, in turn, an integral part of the overall plant control 
system. Necessary support resources are also included in the collector 
subsystem. Major elements are shown in Figure 2-11. An individual heliostat 
is illustrated in Figure 2-12; the field layout is shown in Figure 2-13. 
Details of the heliostat design are described in Volume I of this report. 

2.2.1.1 Reflector Element 

The reflector element is composed of twelve glass facets mounted on a 
galvanized steel frame assembly. The facets are constructed of a 1.5 mm 
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borosilicate glass, back-silvered front skin which is epoxy-bonded to a 
cellular glass core assembly. The back skin is also 1.5 mm borosilicate 
glass; it is epoxy bonded to the cellular glass core. The front and back 
glass skins are Corning 7809 fusion glass. The glass "sandwich" is surrounded 
by a 24-gage galvanized cap strip attached to the facet edge by an asphalt/ 
urethane adhesive. The facet assembly is depicted in Figure 2-14. 

The twelve facets are mounted on a steel frame assembly which is composed of 2 
H-frame assemblies connected to a center section torque tube actuator arm 
assembly. Each H-frame consists of a center torque tube and two Z-beams with 
cross braces. Each facet is attached to the frame by four mounting brackets. 
The frame assemblies are illustrated in Figure 2-15; the mounting brackets in 
Fi gure 2-16. 

2.2.1.2 Gimbal Drive Element 

The gimbal drive element consists of a gimbal assembly, center torque-tube arm 
assembly, drive motors and sensors, and a power distribution network. 

The gimbal assembly consists of a planetary gear azimuth drive assembly, and 
a linear actuator elevation drive assembly. The azimuth drive is powered by 
a 1/6th horsepower, 3-phase induction motor, while the elevation drive uses 
a 1/3rd horsepower, 3-phase induction motor. 
limit switches and cabling is also provided. 
gimbal drive assembly. 

Necessary reference sensors, 
Figure 2-17 illustrates the 

The power distribution network consists of necessary transformers, circuit 
breakers, switch gear and cabling; it is illustrated schematically in Figure 
2-18. 

2.2.1.4 Pedestal Foundation Element 

The pedestal foundation element consists of a concrete pier assembly and 
lightning protection provisions. 
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The pier assembly is a centrifugally cast, prestressed, hollow concrete 
pile. The pile will be emplaced using conventional pile-driving techniques 
and machinery. The pier assembly is illustrated in Figure 2-19. 

The lightning protection devices consist primarily of a buried grid of 
stranded copper wire to which each heliostat is grounded; this is 
illustrated in Figure 2-20. In addition, surge arrestors~are provided in 
the heliostat, field and array controllers. 

2.2.1.5 Controls and Data Distribution Element 

The control element is composed of array, field-sector and heliostat 
controllers, operation and maintenance software, and a data distribution 
network. Although detail design of these components was not developed on this 
contract, a general schematic is shown in Figure 2-21 to provide visibility on 
BEC's concept. 

2.2.1.6 Support Resources Segment 

The support resources segment consists of a maintenance support element, a 
personnel element, and a technical publications element. 

For the most part, the collector subsystem can be maintained with standard 
electrical, mechanica~, and materials handling equipment expected to be 
available at an intermediate size thermal electric power plant. However, 
there are several specialized pieces of equipment which may be required; 
these are identified in Table 2-6. 

In addition to the support equipment, an initial (layin) set of spares will 
be required. These spares will be recommended by the collector subsystem 
contractor, and selected by the plant owner. 

Personnel will be required for the operation and maintenance of the 
subsystem. A manning summary is shown in Table 2-7. 

39 



Figure 2-21. Control System Schematic 
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Table 2·6. Special Support Equipment 

REQUIRE%) FOR EQUIP~NT ~E OR DESCRIPTION REl'lARICS 

WASHING EQUIP~ENT (CAN IE TRUCIC- ~ESIGN AND QUANTITY 
MOUNTED. AUTO~TIC OR MANUAL) DEPEND ON WASHING 

~REQUEHCY. WATER 
RECOVERY. ETC. 

FACET REPLACEMlNT FIXTURE TWO-~N FIXTURE WITH 
HANDL.ES 

REFLECTOR ~ENT REFL.ECTOR AL.IGNMENT TOOL FOR IIEPLACE-
ME NT FACET AL.lGNMENT 

SL.ING SET FOR L.IFTING REFECTOR 
DURiNG :it".BAL 
REP!...ACEMENT 

~£4M CHARACTERIZATION seT FOR ON-GOING HELIOSTAT 
IN~UDes TARGET. SCANNER BEAM ANALYSIS 

OPTICS AND EL.ECTRONIC OATA 
PROCESStNG E~U(PMENTl 

IREAKOuT SOX 
I 

FOR HEL.tOSTAT 
CONTROLL.!R 

CONTROL. AND POWER TROUBI.ESHOOTING 
ELEMlNT 

AIlAPTER CAlI.£S FOR FtEUl ANt) ARRAY 
CONTROL.L.!R TROUBI.E-
SHOOTING 

Table 2·7. Direct Personnel Requirements 

Nurrber Requi red On Average Person-Hours Remarks 
Type Per Month CD 

1st Shift 2nd Shift Off-Peak On-Peak 

Operator 1 1 131.2 183.0 Operation duties performed by 
plant operator. 

Washer. 6 4 1760.0 

} Hel iostat One cleaning crew consists of 

Drivers. 3 2 880.0 two washers and one dri ver. 

e Hel iostat 
.... Cleaning 
u Truck z 
~ Technician. 2 0.5 440.0 All are qualified for complete 
!;;; Field Maint. subsys tern rna i ntenance. 

;: Technician. 2 - 352.0 One electrical and one 
- Component mechanical technician. 

Repair 

Technician. 1 - 176.0 Electro-mechanical qual ified. 
Support 
Equipment 
Ma f ntenance 

Notes: CD Operator's time varies according to plant operating strategy (see Section 3). It is 
assumed the plant operates every day of peak-load months (June - September), but only 
during the week in off-peak months. 

CD Maintenance personnel work a standard 5-day week throughout the year. 
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A complete set of as-built drawings will be furnished with the delivered 
hardware. The necessary operation and maintenance manuals for all equipment 
will also be provided. 

2.2.2 Production Rates 

In order to meet the Sandia-specified production rates (20,000 heliostats 
the first year, 50,000 per year thereafter), the yearly outputs of major 
components and assemblies were determined. In addition, the expected number 
of working days per month and year, and general productivity parameters were 
established. This information is summarized in Tables 2-8 and 2-9. 

The output from the integrated production process was allocated to the 
solar-electric plants according to the delivery rates of heliostat components, 
and field and plant construction schedules (Figures 2-5, 2~6 and 2-7). This 
allocation was analyzed in detail for the period June 1984 through December, 
1986, to determine manufacturing launch dates (the dates when additional line 
positions or shifts would be started), and to ensure credible ramp rates for 
transition to 50,000/year production. An example of the detailed production 
planning schedule is shown in Figure 2-22. 

Sandia required that production planning consider the impact on costs for 
production rates of 67,500 heliostats/year and 25,000/year from the same eMF. 
The gross inputs to the process for these rates (see Table 2-8) were evaluated 
to determine that adequate capacity existed in all major production facilities 
planned for the 50,000/year rate. The GFMP and FAP will be engineered to 
support these rates, thus, no problem is anticipated. However. the 
fusion-glass/mirror and cellular glass production facilities are somewhat 
unique in that, by their nature, they would normally be operated approximately 
8760 hours per year. 

Based on coordination with Pittsburgh Corning Corporation (cellular glass 
production) Corning Glass Works (fusion glass production), and Falconer Glass 
Industries, Inc. (wet-chemistry silvering), the general plans for 
glass-material production have been determined. Figures 2-23 and 2-24 show 
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Equipment 
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3rd 

Table 2-9_ Production Planning Factors 

Times or valu .. for 

Shift Productivity measure- Net hours availible 

ubor 
Start Stop lunch Groll hours Automated ubor Intensive -- Automated Intensive 

0730 1800 :40 7.83 90" 87" 7.06 6.81 

1800 2430 . :40 7.83 90" 85" 7.05 6.66 

2430 0730 :40 6.33 Bl!" 71" 6.67 4.87. 

0700 1530 :40 7.83 84" 6.66 

1630 2400 :40 7.83 8O'KI 8.28 

2400 0700 :40 6.33 78" 4.94 

95" 
92" 

90" 
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None 

1st and 2nd 

1st only 

92" 

92" 

85" (Includes effect of added wage' 

Notes: - Accounts for equipment breakdown, parts shortages, labor effectiveness, 
weather (Field anvlronment only), dispatch time, etc . 

•• Not normally used . 
••• Productively measure for labor Intensive operations· (Personnel reliability) x 

(Equipment availability). 
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schmatically how the required 50,OOO/yearand 67,500/year rates would be 
achieved. A more detailed description of the cellular glass block 
production process is given in Appendix A. 

Production of electrical and electronic components was not analyzed in detail. 
However, it is expected that such components will come from various sources, 
and support of the 50,OOO/year and 67,500/year rates is not expected to be a 
problem. Boeing1s commercial electronics production facility in the 
Dallas-Fort Worth area, for example, could supply the heliostat controllers, 
although additional production facilities would be required. 

2.2.3 Manufacturing Concept 

The manufacturing processes, facilities, equipment, and tooling have been 
conceived to support the high production rates required. A key feature of the 
concept will be a tolerance-cone analysis to identify and control manufacturing 
tolerances at each step in the fabrication process. The objective of the 
manufacturing process design will be to repetitively produce components at the 
high rates required with acceptable producer and consumer risk levels. To 
achieve this objective, master and other types of tooling will be used to 
control heliostat mechanical interfaces. Such tooling will provide assurance 
that reflector panels can be assembled in the SAB with the required degree of 
accuracy, thus eliminating at-pedestal adjustment of the facets. 

2.2.3.1 Central Manufacturing Facility Operations 

The heliostat final assembly concept trade (see paragraph 2.1.3) identified 
the preferred configuration of the torque tube (three-piece design). The 
balance of the design is relatively insensitive to the preferred final 
assembly concept. Thus, the CMF is required to produce the gimbal-arm 
assembly, the torque tubes, cross braces and stiffners, perform galvanizing 
operations, and manufacture the facet assemblies. Zee-beams for the H-frame 
assemblies are procured directly from the Bethlehem Steel Corporation, and 
shipped to each electric plant site. 
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Consideration of the different manufacturing operations, too~ing, and 
handling equipment required for these components led to the selection of two 
separate assembly plants, the gimbal and frame manufacturing plant (GFMP), 
and the facet assembly plant (FAP). As noted in paragraph 2.1.4.1, these two 
plants are colocated at the CMF in Phoenix. A site plan for the CMF is 
shown in Figure 2-25; Figures 2-26 and 2-27 show the general arrangements of 
the GFMP and FAP. 

The GFMP and FAP will be built on an industrial site in the greater Phoenix 
area. The site will be chosen for access by high-capacity roads and rail 
sidings. An area of approximately 75 acres will be required for the CMF. 

a. Gimbal and Frame Manufacturing Plant 

The main manufacturing building will have a floor area of 240,000 square feet, 
constructed with a structural steel framing system, concrete or masonry sill 
walls, continuous aluminum sash, metal siding to eave, reinforced concrete 
floor and insulated roof on metal decking. The bay sizes are 501 x 501 with a 
clear truss height of 18 1 in the general area and 30 1 in the high bay area. 
The building is equipped with all necessary mechanical and electrical services 
and equipment for the intended manufacturing operations. A complete fire 
protection system (sprinklers) is included. Air conditioning is provided 
for the entire GFMP. 

Employee facilities for the GFMP will be housed in a single story separate 
building, adjacent to the manufacturing building and connected to the 
administration building. It will include locker rooms, showers, toilets, 
washrooms, cafeteria, medical areas, and a facility training area. 

b. Facet Assembly Plant 

The facet assembly plant will have an enclosed floor area of 341,000 square 
feet and will be constructed in a manner similar to the GFMP. Within the FAP 
will be all necessary warehousing, storage, office space and employee 
facilities. However, general plant administration (employee wage and salary 
administration, over~ll plant control, etc) will be performed from the CMF 
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administration building. The FAP wilt require extensive conveyor lines, 4 
travelling bridge cranes, and light-rail transfer networks. In addition, 
storage tanks near the rail siding will be required for bulk liquid storage. 

c. eMF Administration Building 

A single building will be provided for eMF administrative services. This 
building will be a single-story structure with 10 foot ceilings; it will have 
all eMF support service personnel (wage and salary administration, general 
accounting, purchasing, management, etc.). This facility is estimated to 
require approximately 19,000 square feet of air-conditioned space. 
2.2.3.2 Facet Assembly 

The facet assembly is produced in an engineered facility specifically designed 
to achieve the high production rates (approximately 2400/day on a 2-shift, 
5-day/week basis) required. A schematic of the production process is shown in 
Figure 2-28. The make/buy decisions for facet components are described in 
Appendix B. The layout of the facet assembly building (FAP) (shown 
schematically in Figure 2-27) is given in greater detail in the drawings in 
Appendix W. 

The facet assembly witl be fabricated in the following sequence: 

a. Reflective Surface Preparation 

The silvered fusion glass lites are received on A-frame shipping frames 
each weighing 5 tons and holding approximately 270 lites each. These 
frames are handled using overhead cranes and a wire guided, rubber
tired, computer-controlled, transport system which is designed so that 
all materials may be moved using the same system. 

1. The mirrors are unloaded automatically using the unloader 
described in paragraph 2.2.5 and placed on a conveyor paint side up. 

2. The mirror is advanced through a scrubber which scrubs both sides, 
rinses with deionized water and dries with a blast of warm air. 
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3. The mirror is turned over using a device much like the unloader 
and the backsheet/facet transfer device (see drawing 4410.1-4) 

4. The mirror is inspected for mechanical integrity and rejected if 
necessary. 

5. The mirror is again turned over so as to be paint side up. 

6. A two-component epoxy adhesive of short «10 min) cure time is , 
spray applied to the painted side. 

7. The mirror with adhesive is conveyed to the mirror transfer and 
then onto the building table where it is indexed in place using 
EAR switches and ultrasonic sensing devices (see drawing 4410.1-5). 

b. Core Block Preparation 

1. The FOAMSlt-75 core blocks are transported as received from the 
FOAMSI~-75 plant to the unloading stations where they are placed 
on the conveyor. 

2. The blocks progress through a roll sander, flipover and another 
roll sander so as to sand both sides and bring the block within 
dimensional tolerances. 

3. The blocks move through a saw station which saws every 14th block 
in half so as to make it 9-1/2" x 24-1/4". 

4. They now proceed through an adhesive application station where a 
stripe of fast curing two-component adhesive is applied to two 
edges (see drawing 4410.1-6). 

5. The blocks with adhesive now travel to the crossover conveyor (one 
for each pre-assembly table). One half of the blocks are turned 
180 degrees so that the 19"-direction adhesive stripes of both sides 
are facing each other. 
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6. They are placed on the ratcheting pre-assembly table using the 
vacuum operated placement device (see drawings 4410.1-5 and -7A). 

7. The core block placement/indexing device (drawing4~O.}8)now is 
lowered over the table with the indexing pins providing positive 
placement. 

8. The compression bars are used to push the blocks together then the 
vacuum cups are used to hold each block in place. 

9. The device then moves to one of four selected tables and places 
the block core on the adhesive coated side of the mirror using the 
same index pin/hole setup used on the pre-assembly table. 

10. The compression bars and vacuum cups release and the transfer 
device moves back to its store position. 

c. Backsheet Preparation 

1. The backsheets arrive in the plant in a manner identical to that 
in which the mirrors are received. They are loaded onto conveyors 
and unstacked the same way. 

2. The backsheet is scrubbed on both sides, rinsed with deionized 
water and dried with warm air. 

3. It next passes through a roller coating device which delivers 1 
mil of photocurable white pigmented urethane coating which is 
cured by a series of lamps. 

4. A second roller coater applies 2 mils of a clear photocurable 
urethane coating which is cured by lamps on the conveyor line. 

5. The painted back lite is now turned over using a device identical 
to those in use on the mirror line. 

6. It runs through an identical adhesive application station, 
subsequent quality control, and on to the distribution conveyor. 
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7. The distribution conveyor stops at the appointed location and the 
backsheet/facet transfer device (drawing 4410.1-9) picks the 
backsheet off the conveyor and indexes it on the core blocks 
-adhesive down. 

8. The transfer device then returns to its stow position under the 
back sheet/facet conveyor. 

d. Curing and Finishing 

1. The vacuum cover moves over the assembled facet, vacuum is applied 
and the facet is allowed to cure for several minutes. 

2. The vacuum cover is removed and the facet is transferred to the 
backsheet/facet conveyor using the same transfer/placement device 
used to put the backsheet in place. 

3. The facet travels to a flip-over very similar to those used to turn 
the glass sheets over. 

4. The facet now pauses in the optical inspection station where the 
optical properties are determined and substandard facets are 
rejected. 

5. After scrutiny, the facet moves to a station wher.e padded pins raise 
the facet and a padded pallet several inches smaller than the facet 
is moved under it. The pins lower the facet onto the pallet. The 
pallet is necessary to allow space between the conveyor and the facet 
for application of the butyl sealant and for the cap strips. 

6. The facet now moves into the hot melt butyl applicator section. 
First, beads are applied along two edges, the panel stops, changes 
direction by 90 degrees and sealant is applied to the other two edges 
(see drawing 4410.1-11). 
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7. The next two stations are where cap strips and corner caps are 
installed (see drawing ).The facet moves into the first station where 
the cap strips are pressed into place automatically using the devices 
indicated. The second station installs the corner clips. 

8. The completed facet now moves through an inspection station which 
makes use of electronics to spot defects related to the cap strips on 
the underside. 

9 •. If defects are located, the facet moves to a repair area for repairing 
or rejection. If repairable, the repairs are made and the facet is 
returned to the stream. If no defects are found, the facets move 
into a surge area capable of holding about 18 minutes production 
which gives the cap strip adhesive ample time to cure. 

10. At the end of the accumulator a flipover device, identical to those 
used as back sheet/facet transfer devices, removes the facet from its 
pallet and places it at a crating station. The pallet is rotated 
90 degrees and placed on a pallet return conveyor where it returns to 
point 5 of this section. 

11. The shipping crates (drawing 4410.1-12) arrive at the crating 
station on rails. Only half of the crate is present and it 
is tilted back about 5 deg~ees. 

12. A device, virtually identical to a glass crate unloader, places the 
facet in the crate. There are 12 facets per crate. 

13. The crate is transported to the facet storage area where the upper 
half is assembled to it and either shipped via truck or stored. 

2.2.3.3 Gimbal Drive Assembly 

The gimbal drive assembly is completely manufactured and assembled at the 
gimbal and frame manufacturing plant (GFMP). Parts and components of the 
gimbal drive are manufacturered in various areas of the plant, joined into 
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subassemblies, and then enter the gimbal drive final assembly area. Necessary 
galvanizing and painting operations are performed in separate areas; The 
complete unit is secured to pallets, and loaded onto trucks for shipment to the 
electric plant sites. The annual production rate requires a line rate of 13 
units per hour (net) which is not high enough to justify extensive automation 
(transfer-type machining and press lines, automatic transfer between 
operations, etc.). Make-buy decisions for the gimbal drive and frame components 
are given in Appendix C; details of the production process are given in 
reference 2-3. 

a. Machining Operations 

Machines will be basically stand-alone (either standard or specially designed) 
automatic cycle production types with parts transferred between machines by 
using manual roller conveyors or bins and industrial trucks. "Standard" 
machines include horizontal and vertical lathes and milling machines, grinding 
machines, drill presses, hones, hobbers, shavers and boring machines. 

Special design machines include two, three and four-way precision boring 
machines as well as multiple station in-line shuttle or rotary index milling 
and drilling machines. Most operations require special tooling such as part 
holding fixtures and gages. The majority of the fixtures will be designed for 
automatic power clamping and manual load and unload. Special tooling also 
includes multi~spindle heads for drilling, tapping, reaming, boring and milling 
operations as well as multi-tool boring and facing bars. Gages for the more 
complex or critical parts include special designed composite electronic gaging 
that will provide highly accurate functional checking capabilities. 

b. Assembly Operations 

Assembly operations will include the gimbal-housing /azimuth-drive/bearing 
assembly and the elevation drive assembly. In general, subassemblies will be 
performed on off-line manual fixtures using pneumatic nutrunners to secure the 
bolts. A small conveyor will be used for final assembly of this unit into the 
azimuth-elevation assembly. 
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The two drive asemblies will be painted prior to assembly and then be shipped 
to the power-plant site for mounting on the heliostat pedestal. 

c. Metal Forming Operations 

All stampings with the exception of the H-frame beams will be performed 
in-plant. The parts will be processed by cycle running over two shears and 
nine presses ranging in capacity from 80 to 500 tons. The cycle running ;s 
based on a 30-work-day cycle with sheet steel being purchased for 60 to 90 day 
runs and sheared to blank size in-plant. The presses are fully loaded for good 
facility utilization. 

The torque tubes will be purchased cutoff with an undersized outer diameter and 
expanded to size in-plant on a Grotnes tube expander machine. 

The rings and adapters will be purchased as mill rolled steel bars and roll 
formed and welded into a ring on a Grotnes roll former and expanded to size on 
a Grotnes tube expander. 

d. Material Handling 

All material will be received and shipped by truck. A five-day float will be 
stored ahead of the manufacturing and assembly operations. The torque tubes 
and castings received via flatbed trucks will be unloaded and stored outside. 
Sheet metal and bar stock will be unloaded and stored inside the building. 

Purchased parts (bearings, seals, etc.) will be unloaded at a two-spot 
depressed dock, and stored inside the building in a stores area. Material will 
be delivered to the line operations by trailer train and fork trucks. 

A five-day float of shipping assemblies (torque tubes, gimbal drives, and small 
parts) will be stored outside the manufacturing building. All shipping 
assemblies will be shipped on 40 1 trailers to the power plant sites. 

60 



e. Galvanizing Operations 

The galvanizing operation will consist of a series of dip tanks, each 35 feet 
long by 4 feet wide and 5 feet deep suitably constructed of plate steel with 
protective lining and a semi-automatic handling system between the tanks. The 
tanks will include a lip-vent, down draft exhaust system. The exhaust from the 
galvanizing tank will be vented to a bag house where the zinc particles will be 
trapped and the cleaned air discharged. The pickling and after-pickling 
rinse tanks will be exhausted into a filtration system where the acids and 
water will be separated, cleaned and recycled. The residue will be neutralized 
before being discharged. 

This system will be housed in a laminated wood structure, separate from the 
main manufacturing building. The laminated wood can better resist the 
corrosiveness of this operation than the masonry and steel construction of the 
manufacturing building and its contents. 

e. Painting 

Castings as received from the supplier foundries will be required to have been 
cleaned to remove sand, scale, etc., followed by an iron phosphate coating and 
a dip coat primer paint. The primer paint will be specified to be compatible 
with the final protective coatings to be applied at the GFMP. 

Following final assembly and test, the azimuth-drive/bearing assembly and the 
elevation drive assembly will be given a manual solvent wipe prior to 
application of the final protective coatings. The ~roposed process for these 
coatings consists of a prime.coat of epoxy chromate, followed by a baking 
cycle, a return through the paint booth for a second application of a topcoat 
of acrylic urethane color, and then a second baking cycle. 

The paint system will consist of the following equipment: Sidedraft 
"waterwash" spray booth with air make-up system, solvent flash-off enclosure, 
infra-red paint drying oven, and an overhead monorail conveyor. 
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2.2.3.4 Pedestal Assembly 

The pedestal assembly may be produced by either of two standard manufacturing 
processes: (1), centrifugal casting of the pre-stressed concrete pile; or (2), 
conventional split-form casting. Either technique will produce pedestals of 
the required strength and stiffness, they can be obtained from various sources 
in the southwestern United States. Producers will be selected to minimize 
transportation costs. 

2.2.3.5 Control Subsystem Components 

Although a detail design for the control subsystem was not developed, the 
general problem of producing the major control components was evaluated. 
Because each heliostat requires a controller. production of this unit presents 
the most significant manufacturing problem. Coordination with Boeing1s 
electronic support division confirmed, however, that ample production capacity 
exists in several areas of the Southwest: The San Josel-Palo Alto area; the 
greater Los Angeles and San Diego areas; and the Dallas-Fort Worth area. To 
ensure a reliable low-cost delivery of the heliostat controllers, it is 
probable that multiple sources would be used. 

Production of the field controllers (approximately 63 are required for each 
50MW electric plant), the array controller (one per plant) and associated 
control/display console equipment can also be obtained from suppliers in the 
southwestern region of the U.S. No unusual production logistics are 
anticipated. 

2.2.4 Features for Economic Production 

There are a number of opportunities for reducing the cost or improving the 
producibility of various components. These changes can be incorporated in 
future development. For the gimbal drive and frame assembly, the 
following changes may reduce costs: 

62 



a. Because of the high original expenditures and ongoing costs 
and environmental problems associated with galvanizing, other 
protective coatings should be considered as alternatives. One 
possible substitute is acrylic resin paint which is very durable. 

b. The use of existing commercial worm gear drive assemblies or 
components should be investigated. 

c. Investigate possible use of PVC formed components for mounts, 
covers, etc., for the motor revolution counter and zero reference 
mounting. 

d. Eliminate or reduce quantity of angle steel reinforcements in H-frame 
assembly by adding stamped ribs or flanged opening reinforcements to 
beams. 

e. Redesign the attachment brackets to incorporate an adjustable feature 
and eliminate the select fit nylon spacers. 

f. Investigate use of electrostatic paint technique for material savings 
on gimbal and elevation drive final assemblies. 

For the facet assembly, the following changes could provide some cost 
reduction, or improve producibility: 

h. Investigate use of lower density cellular glass; 

i. Backsheet paint could be reduced in thickness; 

j. Incorporate travelling assembly tables in the facet assembly process; 

k. Investigate use of lighter gauge cap-strip material. 

2.2.5 Special Tools Requiring Development 

To produce certain heliostat components at high production rates, some 
special tooling will be required. For the gimbal drive, frame assembly, 
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pedestal and control system components, standard tooling and fabrication 
machinery will be adequate. However, for the facet assembly, a number of glass 
handling and assembly transfer machines will require development: 

a. A glass/mirror un stacker consists of a central swivel point with five 
arms carrying two vacuum pads each. It fastens itself to the sheet, 
moves it up, out and over, then passes through the rolls of the conveyor 
simultaneously releasing the vacuum and allowing the sheet to be held off 
the vacuum pads by the conveyor rolls. 

b. Glass-and-facet turnover devices are very similar to the glass/mirror 
unstackers. The only difference is that they swivel 180 degrees and do 
not need to move up and down (see drawings 4410.1-4 and 4410.1-5). 

c. The block placement device consists of two sets of vacuum-operated 
lift/transfers which pick up individual blocks of FOAMSI~-75 ware and 
places them on the ratcheting pre-assembly table (drawings4410.1-6 and 
-7A ). The blocks are delivered via belt conveyors with sensors which 
properly position the blocks for pickup. 

d. The core block transfer device (drawing 4410.1-8) pushes the blocks 
together, and transports them from the pre-assembly table onto 
the building table. The compression bars are operated using air 
cylinders. The vacuum pads are then lowered via the electric solenoids 
and the core is transported en masse. 

e. The building table is the central element of the entire facet 
assembly process (drawing 4410.1-5); it is a fine-finish steel 
tooling plate mounted on an adjustable table. It contains devices 
which index the reflective sheet, and help hold the core blocks in 
place while under vacuum. The building table is also equipped with 
holes across its surface for use either as air float or vacuum holding 
of the mirror. Attached to the building table is a vacuum cover that 
swings into position when the facet is assembled and ready for curing. 
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f. The backsheet facet transfer device (drawing 4.10.1-9 ) is 
very similar to the turnover device described above. However, the 
flipover portion has two sets of vacuum pads (one on either side of the 
arms) and it is mounted on a carri age wh'i ch moves from between two 
building tables to an area under the backsheet/facet conveyor. This 
latter position is its normal stow position. The device's transfer 
function is to pick up the painted, adhesive-coated back sheet and place 
it on the core with the adhesive side down. When the facet is cured, it 
is moved to the conveyor using the exact reverse of the same process. 
One transfer device serves two building tables. Index control is by 
EAR switches and ultrasonic proximity sensors. 

g. The hot melt butyl application station (drawing 4410.1-6) consists of 
two sets of four hot melt bead extrusion tips mounted so that the facet 
passes through one set getting four beads applied in one direction, 
changes direction 90 degrees, and has four beads applied in the other 
direction. 

h. The cap strip application section (drawing 4410.1-11 ) serves to 
apply the cap strips to the glass 'sandwich'. The edge strips are 
packaged as a "clip" and are fed one at a time to a roller conveyor 
(with centering rolls) with the open side up. When a facet is in 
position, the four edge strips are passed under extrusion heads where 
they are filled with the cap strip adhesive (two-part urethane-asphalt). 
They continue into a full-length holder which has a full length lip that 
engages the edge of the cap strip and flexes it "open"; this provides 
for clearance of the glass and butyl sealant when the air cylinder 
presses the edge strip onto the facet. The lip then retracts and 
releases the edge strip. The air cylinder provides the force to seat 
the strip onto the facet and to force the adhesive to flow into any 
voids. 

The corner clips are installed in a similar manner. The clips will be 
fed from bins using standard parts feeders. They will be placed into a 
holder, filled with adhesive, then applied to the facet at the second 
station. 
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2.3 Transportation Plan 

Transportation planning for the collector subsystem centered on 
determining the principal components to be shipped from the CMF (or other major 
plants) to the solar-electric power plant sites. in addition, the preferred 
shipping unit configuration (number of components/unit) was determined, and the 
shipping mode selected. 

2.3.1 Shipping Units 

A shipping unit is defined as an individual component or group of components 
which can be conveniently packaged and handled by standard materials-handling 
equipment, and shipped on existing commercial carriers (truck and train). The 
configuration, size, and weight of the important shipping units is illustrated 
in Figure 2-29. 

2.3.2 Shipping Modes and Rates 

In general, truck-trailer combinations will be used for all shipments except 
the beams, which will be shipped by rail. The shipping-unit configurations 
were designed to comply with known ICC constraints on interstate truck 
shipment. 

Shipping rates were determined for the production rates at the CMF, and to 
match the glass production and silvering rates at the Blacksburg fusion-glass 
plant. Shipping rates and distances are summarized in Table 2-10. As can be 
seen, for the 50,000/year standard production rates, the highest number of 
truck-trail~r dispatches per day is for the pedestals (20) and the 
gimbal-drives (25). Considering an average origin-destination block speed of 
35 miles per hour, this would imply round trip times of (on the average) 
approximately 2 days for these units. A round trip time of 2 days would 
require a fleet of approximately 40 truck-trailer rigs for the pedestals, and 
50 for the gimbal drives. Such fleet sizes suggest that it may be economic to 
plan production based on producer-owned vehicles; however, for this plan, 
commercial trucking firms were assumed. 

66 



-----, 
1--' 

1 
I 

}/ / 

r: 

L 

""cr" ",,'r 
wT .... 1"~ II., 

IT ,. 

I 

/ 

Ii 
".~, 

/ ,...\": ~. ,,-

o / 
~ 

I 
I 
I , 
I 

////.'-~"'''$''''·''i>·'' ,. 
, "l'bFaf~~"".su..~' 

eMfT IS /o~ k TO" 

I 

~ 
i; 

~.f\"'~ ,."i....£ 
;...----F"AC.fT "s,

Sf'cr'..:", ~r",'''''''Wf' '" 
t1r1"Jl.L OJiit. ~ •• If""') 

\tIT -. ICOC irs 

- ~~ .. ~:~~u 
,.."rTA ... !"~l 
G&-N"""",...r:. I~ 

~D ~fIt t~Oft~ 

./ [J 

tor' ~1 l. .... 

~E.R: V 1[.10\.:, W"'6~' lCr.p·# 
n· t>-, i..( k. 

~ 

I 

I'~-.----- _ t==~~---.--
- .. ==- . ...,.--==- r---' /: ' 

J 
.,,- ~ ~ ~. :.. ) 

----'--' - -~~. ._-- .. 

. , 
, . 

J 

-11. ' 

I', ''::-~--.-

1-- .. 

04 7 'I ... 

'1- ---- 'I 11·_·-· t'-

::--t 
", I ,. 

C ·,.·t.t.i ,....,. .. ,. .... 
;.1..., ............ "rot \Ir! 

f"/Jf" .( .... :..r:{J'"') 
Dv"''''' rlr' j 

Figure 2-29. Shipping Unit Configu,..tion, 

1 

~ , " . 

,.,... ............ ! ... ':C' I· 

((' ,'7,.:: •• ' 

1-._-----, 

'\ 1< .. 1'0. / .".il,j .. - 5: ," • 

""1/.:,, '. 
II ;,..f I" 

r-,i' 
'I I . .. 

~j;:7·,.<'I/! . ""g T· ; t 
' ,I! <!I " 
: I ! : ~ '" 'I 'I;;~ 'I.: I;; I' J / 

111 1;1 
hrl 

66"1 

;',1: 

't.:. ~,,."1 



~ ..... 

Tab/e 2· 10. Transportation Mode/Rate Summary 

Shipping unit Approximate no. of unit 
No. of shipping shipments required/day for 

Component units per Origin Destination Average yearly production rate of 

Number per 
Approximate Weight. transport mode distances, (Truck·traller dispatches/day) 
dimensions Ibs. (No. of hellostat miles n> Description shipping sets/load) 

units [!> D::> 25,000 50,000 61,500 

Pedestal 6 ~ 36,000 2/double·bottom Phoenix and Power ·300 20 (10) 40 (20) 54 (21) 
trailers· (10) Albuquerque 'plant .Ites 

~ 1-12·ln 

Glmbal-drlve , 48.lrf~2_ln 930 8/double-bottom Phoenix Power 300 99 (13) 198 (25) 261 (34) 

-t 1-12.ln 
trailers (B) plant sites 

S2"-~ Torque tubl! 16 ~84·in 1,800 Blflatbed-trailer· Phoenix Power 300 13 (2) 26(3.6) 35 (5) 
96-ln-i l- (60) plant sites 

16 ~- 3,500 10/double· 25 (3) 50 (6) 68 (B) 
bottom treller Lackawanna Power Beam. ~300'ln (40) 2,200 

20 4,500 10/flatbed rail car 
N.Y. plant site. 

20 (21 40 (4) 54 (5). 
(RaU) 

- t--84·ln 
(50) 

-I105-ln'-

Mirror and 265 OO-In ri'k?':';-n 9,500 4/double-bottom Blacksburg, Phoenix 2,BOO O.B (0.2) 1.5 (0.4) 2 (0.5) 
back sheet trailer (530) VA 

-I r-24·in 

Facets 12 00-In1 1/0?a;;n 3,500 B/slngle-drop Phoenix Power 300 100 (13) 200 (25) 210 (34) 
air ride trailer (B) plant sites 

-I 1--62-ln 
~----- -----

Notes: [!:::> Includes shipping pall.ts and/or crates; all weights approximate 

[!::> Unit shipments are number required to accomodate production rates shown and to match Installation rates at site 
[!:::> All units shipped by truck· trailer unless otherwise indicated 

I 
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Shipment of the balance of the units evaluated appears to pose no particular 
problems for existing trucking firms in the United States~ 

*Because not all solar-electric plant sites may be accessible by rail, a 
contingency plan was considered in which beams can be delivered to the SAB by 
truck-trailer. 
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2.4 Installation and Checkout 

The trade study described in paragraph 2.1.3 confirmed the desirability of 
assembling the reflector panels at each power plant site. In addition to this 
activity, the collector field must be graded, drainage provisions added, power 
and data cables installed, and pedestals pile-driven at surveyed positions. 
The balance of the control system (field and array controllers) will be 
installed while heliostat controllers are being installed. Gimbals will then 
be installed on the pedestals, electrically connected, and operated to obtain 
pedestal-gimbal vertical axis alignment and zero reference marks. Assembled 
reflector panels will then be installed, the heliostats washed, and final 
integrated checkout performed. 

2.4.1 Reflector Panel Assembly 

The right-hand and left-hand panels are assembled in the site assembly 
building (SAB), which is housed temporarily in the power plant 
maintenance/warehouse facility. The layout of the facility is shown in Figure 
2-30; Figure 2-31 shows additional details of the panel assembly. After 
completion of the panel assembly activity, all tooling will be removed, and 
downstreamed to the next power plant site. The facility will then be 
converted to its final configuration. 

The panels are assembled in temporary support fixtures installed in the SAB. 
The torque-tube, beams, stiffeners and cross-braces are bolted together in the 
fixture. Facet alignment templates are then postioned along each beam using 
tooling holes in the beams; the templates are thermally matched to the beams. 
The overall indexing of the templates to the beams will be controlled through 
master tooling to the torque-tube bolt pattern. Facet assemblies are then 
lowered on to the templates using a pivot jib-hoist (see Figures 2-32 and 
2-33). Facet alignment is then established using removable fixtures (part of 
the template assemblies). 

When the panel assembly has been completed, it is inspected and then lifted 
from the assembly fixture by the SAF hoist and placed on special reflector 

panel transport trailers (illustrated in Figure 2-34). 
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A detaiJed timeline analysis was conducted of the panel assembly operation to 
verify the adequacy of the four assembly positions, which is the maximum 
number feasible for a "standard" power plant maintenance warehouse facility. 
Assembly of each panel requires approximately 2.7 hours; this necessitates a 
3-shift operation to match the planned heliostat installation rate 
(approximately 26/day). 

Since heliostats are not installed on second or third shift, it is necessary to 
provide storage for the 34 panels produced on these shifts. This is 
accomplish~d by using the RT-1 trailer (see Figure 2-34), and staging the 
loaded trailer~ in the field, or near the SAB for dispatch the next day. 
Analysis of the round-trip distance/time for an "average" heliostat showed that 
a total of 38 RT-1 I s would be required; they would be towed to the field in 
pairs by standard tractors. Although the average round-trip times are longer 
at night (for panels pre-positioned in the field), it was estimated that 2-3 
tractors would be sufficient for the trailer towing operations. 

2.4.2 Field Preparation 

2.4.2.1 Clearing, Grading and Storm-Water Control 

Prior to installation of the heliostats, the field must be cleared, then 
rough-graded for surface storm-water control. The site topography, local 
weather conditions, and field orientation will be considered in layout of 
drainage ditches and storm water piping systems. 

As field grading and storm water control provisions progress, the location of 
light-ning-protection-, power-and data-line trenches, field transformer pads, 
and pedestals will be established by conventional surveying techniques. 
Transformer foundations/vaults w1ll then be installed, and trenching begun. 

2.4.2.2 Power, Lighting and Data Cable Installation 

Power, data and lightning protection cabling/wiring will be installed in the 
trenches, and final grading completed as the trenches are covered. Power data 
and lightning ground cable stubs will be left at each pedestal location and at 
field transformer locations. 
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2.4.2.3 Pedestal Installation 

For the production scenario, soil conditions suitable for pile-driving were 
assumed. The pedestals will be installed at their staked positions using 
conventional pile-driving techniques. (Depending on actual soil conditions, it 
may be necessary to predrill or water jet some locations; water settlement of 
soil around some pedestals may also be required.) 

2.4.2.4 Field Transformer Installation and Final Field Survey 

Following pedestal installation, field transformers will be installed. In 
addition, the actual latitude and longitude of pedestals will be accurately 
surveyed. This completes the initial field preparation, and installation of 
gimbals and reflector panels can now begin. 

2.4.3 Control Subsystem Installation 

Because a detail design was not developed for the control subsystem, its 
installation can only be described in a general way. This description is 
included to provide continuity to the collector subsystem installation 
concept. 

2.4.3.1 Field and Array Controllers 

In the BEC concept the field (HFC) and array controllers (HAC) would be 
designed for installation in the power-plant control room building. The array 
controller would probably be installed in the main control room, with field 
controllers installed in a separate room nearby. The only 
special provisions for these items are normal electronic-equipment temperature 
and humidity environmental control. 

2.4.3.2 Heliostat Controllers 

The heliostat controllers are attached to the pedestal by two bolts which are 
screwed into threaded fittings which have been fabricated into the pedestal 
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assemblies. After the controllers are mounted, the installation is completed 
by connecting the power and data lines, and attaching the lightning protection 
ground. 

2.4.4 Gimbal Installation 

The gimbal is installed on the pedestal using standard construction equipment 
as illustrated in Figure 2-35. Two gimbals are transported to the field on an 
RT-l trailer. The gimbal is hoisted on to the pedestal and guided into 
position by a workman in the lineman's-truck basket. The gimbal hold-down 
nuts are then torqued to the prescribed value. Index markings on the gimbal 
and pedestal bolt ring aid in proper orientation. After the nuts are 
torqued, the gimbal electrical connections are completed, and a brief 
"aliveness" test is run using control switches on the heliostat controller. 

After confirmation that the gimbal operates properly, the installation crew 
will mount a zero-reference/level (ZRL) template on the gimbal and connect the 
electronic level's output cable to an input connector on the controller. The 
orientation of the ZRL template to the gimbal will be controiled by the gimbal 
torque-tube bolt pattern. The relationship between the template and tube bolt 
patterns will be controlled through master tooling. 

The installation crew will then communicate their position via radio to a 
system technician in the control room. He will be advised that the gimbal is 
ready for vertical axis orientation measurement and zero-reference mark 
calibration. 

Using the ZRL template's electronic level, the heliostat gimbal will be 
rotated 360 0 and the vertical axis orientation determined and recorded oy a 
special software program. With this measurement completed, the azimuth and 
elevation zero reference marks can then be determined. 

First, the torque tube will be oriented so that, if a reflector were installed 
it would be in a vertical position. Then the gimbal is commanded to the 
seek-reference mode; the elevation zero reference.is thus established and 
recorded. Similarly, using the ZRL template's telescope, the proper 
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a) Plan view 

b) Side view 

Figure 2-35_ Mounting Gimbal at Pedestal 
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azimuthal orientation of the gimbal is established by alignment with a 
designated target on the receiver tower. The seek-reference mode is then 
activated and the azimuth zero reference determined and recorded. 

2.4.5 Reflector Installation 

As noted in paragraph 2.4.1, the right- and left-hand reflectors are 
assembled in the SAB, then transported to the field on RT-1 trailers. Using 
the same type of handling equipment as that used for gimbal installation, the 
reflectors will be positioned and fastened to the gimbal center torque 
tube. This assembly is facilitated by the captivated bolts in the inboard 
flanges of the torque tube frame interface, illustrated in Figure 2-15. 
Torquing of nuts at the torque tube joint will be performed by powered 
precision torque wrenches. The installation technique is illustrated in Figure 
2~~ 

2.4.6 Field Cleaning, Calibration and Checkout 

2.4.6.1 Field Cleaning 

Construction activities may generate considerable airborne dust. Depending on 
the time of year when reflector panels are installed, the local rainfall 
patterns, and other weather factors (winds, thunderstorm activity, etc.) it may 
be necessary to clean the mirrors before beginning final subsystem integrated 
checkout. The cleaning equipment and techniques planned for normal field 
maintenance can be used for this purpose. 

2.4.6.2 Collector Subsystem Calibration and Checkout 

When all subsystem elements have been installed, and the field cleaned (if 
necessary), the final calibration and checkout of the entire subsystem will be 
performed. This will require an operable beam characterization system. 

To gain assurance that the assembled collector subsystem will perform properly, 
and complete delivery to the system owner, several types of verifications will 
be performed. First, a series of subsystem checkouts will be accomplished 
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Figure 2- 3Q Reflector Panel Installation at Pedestal 
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under the direction of the array operator. The checkout will consist of 
automatic self-tests of the control and power-distr,ibutor elements under 
software control. These tests will verify that the system has been properly 
configured, and can be operated within design limits. 

Second, a series of physical inspections will be accomplished to verify that 
all required elements have been installed or delivered. The availability of 
all required technical publications and data will be verified. The status of 
operator and maintenance personnel traJning will also be reviewed. 

Third, a random-sample verification of heliostat beam quality will be performed 
using the owner-furnished beam characterization system. The size and selection 
of the sample will be coordinated with the power-plant owner. Standard 
statistical quality control techniques will be used to ensure that image 
quality and beam control characteristics are within acceptable limits. 

Finally, a functional checkout of the entire collector subsystem will be 
performed. This checkout will consist of demonstrating all operational modes 
under direction of the array operator while visually observing the behavior of 
the field. Depending on the construction status of receiver, storage and 
turbine subsystems, it may not be possible to illuminate the receiver at full 
power. In this case, the ability of the field to focus and remain on the 
standby region around the receiver will be used to verify proper operation in 
the steering mode. All other operational modes will also be demonstrated 
(power-up, standby, overnight and high-wind stow). Successful completion of 
these demonstrations will complete the functional checkout of the system and it 
will be delivered to the power-plant owner or his prime contractor, as provided 
by contract. 

2.4.7 Dust Control Provisions 

Under some circumstances, it may be desirable to treat the heliostat field to 
reduce generation of wind-blown particulates. The method of treatment 
(vegetative, chemical surface stabilizers, etc) will depend on local weather 
conditions, site topography and soil characteristics, natural flora, etc. It 
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is assumed that some sort of treatment will have long-term beneficial effects 
on ownership costs. However, because of the many unknowns, including the 
power-plant owner's specific requirements and objectives~ this issue was not 
explored further. 

2.5 Operations and Maintenance concept 

2.5.1 Operation Concept 

It was assumed that the power plant would be used as a cycling plant serving a 
summer-peaking load. This suggested that the plant would operate 5 days per 
week October through May, and 7 days per week June through September. Figure 
2-37 shows typical operating profiles; expected operating hours are summarized 
in Table 2-11. 

The collector subsystem is expected to be operated from the power plant control 
room. Because many of the control tasks are mechanized and aided by computer 
equipment, the collector operator will normally be performing supervisory and 
monitoring duties. 

Stowage protocril for the heliostats is summarized in Table 2-12. 

2.5.2 Maintenance Concept 

The maintenance concept for collector subsystem is based on scheduled and 
unscheduled maintenance of the various elements and components. 

2.5.2.1 Scheduled Maintenance 

Scheduled maintenance consists primarily of periodic cleaning of the mirrors. 
To evaluate the impact of various cleaning schedules, the frequency of cleaning 
was varied and the resulting average reflectivity determined based on several 
degradation rates; this relationship is illustrated in Figure 2-38. The impact 
of average reflectivity on field size was evaluated with the Sandia DEL-SOL 
computer code; the result is shown in Figure 2-39. 
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Figure 2·37. Typical Seasonal Operating Profiles 
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Table 2·11. Expected Values for Yearly Operating and Non·Operating Hours 

Average (expected·value) 
houn per year 

. Helios element. 
Operating Non·operating 

Pedestal 8760 -
Gimbal~rive 3985 4n5 
Reflector 3985 4n5 
Controls 

Heliostet controller 8760 -
Field controller ; ! ·3985 c·4775 
Array controller 8760 -
Data distribution 3985 4n5 
POwer distribution 3985 4n5 
Wind sensor 8760 -
Time-date receiver 8760 -

Maintenance 

MSE 3875 4885 
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Condition 

Overnight stow 

Hig~owind stow 

Cleaning position 

0.960 

----.t, -0.002 
-1, -0.003 
- ~ 1, -0.004 

~~ .. 

Table 2·12. Heliostat Stowage Protocol 

Stow positiOO 

Elevation Azimuth 
.' 

Near vertical For next-day ops 

Horizontal Any 

Near vertical 
As required 

. _. for cleaning tech . 
.' 

Considerations 

• Minimize dirt buildup 
• Minimize non-op power 

& enervy required 

• Minimize damage from 
airborne material 

• Structural limitations 

• Minimize cleaning time 
, 

-... -
.". ...... """._-

.". , ... . 

- ---

, ~ -... 

0.810 

00 

1,-0.002 R c - Clean reflectivity 
1, - Reflectivity Iou/day 

1 2 3 4 5 6 1 8 9 10 11 12 
Heliostat cleaning frequency I cleanings/year 

[!> Source: Eason, E.D., "The Cost and Value of Cleaning Hellostats", 
Sandia Laboratories, Livermore, CA, mimeo; JC:AM, 1979; p.8 

Figure 2·38. Averagf!. Reflectivity versus Heliostat C1f!'aning Frequency 
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Figure 2-39. Heliostat Field Size versus Average Reflectivity 

• Simultaneous cleaning of 2 heliostats 

• Cleaning tima - 10 min./helios 
(Includes positioning, pro-rata refills, etc.1 / 

• Standard trucklbooms/tankaga/pumps 

• Approximate cost - $75,OOO/truck / 
• 75% water recovery 

Figure 2-40. Heliostat Cleaning Concept 
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To determine the preferred cleaning frequency, a "clean" reflectivity of 0.94 
and a degradation rate of 0.3% per day were assumed. A cleaning concept was 
also assumed and priced; the basic technique is illustrated in Fig~re 2-40. 
The approximate cleaning costs for various cleaning rates and cleaning 
crew/equipment sizes is shown in Figure 2-41. 

Based on the concept illustrated in Figure 2-40, the expected busbar 
electricity cost for the power plant was determined using the DELSOL code. 
The results are shown in Figure 2-42. As can be seen, the preferred cleaning 
frequency (based on the assumptions noted above), is about 8 times per year. 
This rate could be achieved by 5 crews with 3 cleaning trucks (3 crews on day 
shift, 2 at night). The resulting average reflectivity for the 0.3% 
degradation rate would be about 0.872, resulting in a field size of 
approximately 7500 heliostats. This field size and cleaning frequency results 
in the lowest busbar energy costs. 

The foregoing illustrates how scheduled cleaning analysis can be approached. 
But because no environmental conditions were specified by Sandia, the impact on 
field size (of an average reflectivity of 0.872) was not incorporated into the 
collector subsystem production field size. However, for pricing purposes, the 
cleaning frequency and equipment/crew requirements noted above were used. It 
is probable that actual cleaning frequency will be determined empirically based 
on environmental conditions encountered at the power plant site. 

2.5.2.2 Unscheduled Maintenance 

The unscheduled maintenance concept for the collector subsystem is based on the 
automatic fault detection, isolation and annunciation capability which would be 
provided by the control element. In this concept the control subsystem would 
constantly monitor the condition of the various (active) components of the 
collector, including its own components. Failures would be detected by fault 
monitoring hardware and software, and isolated to the major collector element 
(controls, power, heliostat, etc.). To the extent feasible, fault isolation 
algorithms would identify the failure and announce a suggested repair sequence 
to the operator. Failures requiring dispatch of maintenance resources would be 
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Figure 2-41. Cleaning Costs Based on Various Crew/Equipment Sizes 
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forwarded to the maintenance supervisor. Certain failures could be 
deferred, based on mainten~nce crew workload, or scheduled to coincide with 
power-plant maintenance. 

Conservative Failure rates and repair times were based on available information 
or engineering estimates and are shown in Table 2-13; they were used to 
estimate maintenance manhours required.· Sufficient maintenance personnel were 
then determined to achieve the desired collector subsystem availability (design 
goa 1 of 90%). 
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Table 2-13. Collector Subs'tstem Reliability and Maintainability 
Figures of Merit 

NUMBER ESTIMATED UNIT VALUES 
~TBr,---FAlLURE RATE CDMTTR ELEMENT OR COMPONENT PER 

SUBSYSTEM HOURS x 106 HOURS 

Ped.-Foundation Ele. 1 - - 10.00 
Pedestal Assy. 6,400 876,000 1.14 10.00 
Lightning Prot. Sys. ! 1 _J~Q,_QQQ _. . ___ 9_._&7 50.00 

I --,'" -Gim.-Drive Ele. - - 8.95 
Gimbal Assy. 6,400 28,725 34.81 3.07 
Azimuth Gear Box 6,400 100,000 10.00 60.00 
Elevation Drive I 6,400 l£;n nnn 6.67 30 ~O 

i 
._ .... ,---

Motors <D 12,800 200,000 5.00 8.00 
Wiring & Switches I 6,400 150,000 6.67 8.00 
Structure 6,400 675,000 1.48 25.00 
Pwer Distribution I 1 2,700 371.19 9.39 
Substations 5 200,000 5.00 16.00 
Power Cable Net 1 350,000 2.86 40.00 
Swithc Boxes 50 150,000 6.67 10.00 
Mise ,. 

~nts 1 100,000 10 00 ?Q,QO 
Reflector Element 1 26,900 37.20 "STl 
Facet Assy. 0 76,800 750,000 1.33 NR(!) 
Frame Assy. 6,400 500,000 2.00 24.00 
Bracket Assv. 307.200 2.500.000 0.40 __ ~C!l 
Con t. & Da t . Di s • Ele.1 1 - - 2.55 
Array Controller I 1 20,000 50.00 24.00 
Field Sector Cont. I 

16 25,000 40.00 16.00 
Heliostat Controller; 6,400 25,000 40.00 16.00 
BCS Interace Unit ! 1 20,000 50.00 48.00 
Data Dist. System l , 150,000 6.67 24.00 I 

Wind Vel. Sensor 

i 
1 50,000 20.00 16.00 

Time-Date Recvr. , 50,000 20.00 '6.00 
Com~uter ProQrams 1 500 000 ___ L.OO 100.00 
Ma i nten. Support El e.1 -;- _ •. __ . J. ____ . _ 

47.69 
Cleaning Equip. 3 10,000 100.00 40.00 

. Facet Handlg. Fixt. 2 100,000 10.00 8.00 
Reflect. Aling. Fi~t. 2 100,000 10.00 8.00 
BCS Set 1 50,000 20.00 48.00 
Misc. Elec. Repr. EQUP. 1 100.000 10.00 500.00 
Personnel Elem. , 1 - - 13.80 , 
Operator 2 50,000 20.00 8.00 
Cleaners 15 30,000 33.33 16.00 
Repair Tech. 6 40,000 25.00 8.00 

Notes: CD Includes active repair time only, but incudes delay 
times, e.g., overnight waits, 

(!) "NRI! - Not repairable 

<D Approx. fail rate from CRTF: 4.93 x 10-6 

o Approx. CRTF fail rate: 0.4 x .0-6 
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SECTION 3 

PRODUCTION COST ESTIMATES 

3.1 Ground Rules and Cost Breakdown Structure 

3.1.1 Ground Rules 

Cost and price estimates for the collector subsystem have been developed for 
the production plan described in Section 2. Estimates are given for: 

a. The central manufacturing facility, and the site activation building 
equipment; 

b. Production costs and prices for the collector subsystem as a 
function of cumulative production of 520,000 heliostats; and 

c. Collector subsystem yearly operating and maintenance costs. 

The cost estimates are expressed in constant 1980, second-quarter dollars. 
The estimates are for heliostats delivered and installed at a 50MW power 
plant. All incremental costs which are expected to be incurred after 31st 
December, 1980, have been accounted for. The production of heliostats from 
the CMF is to start on 1st June, 1984, with an initial production rate of 
20,000 units the first year. The production rate is to be increased to 50,000 
per year by 1st June, 1985. Normal production from the CMF is to be two 
8-hour shifts. Production at the 50,000 per year rate is to continue for 10 
years, with the eMF assumed to continue production thereafter. 

In addition to the 50,000-per-year estimates, costs and prices have also been 
estimated for production at 25,000 and 67,500 per year rates from the CMF. 

Operation and maintenance costs are based on a 50MW power plant as described 
in Section 2. 
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3.1. 2 Cost Breakdown Structure 

Sandia specified a cost breakdown strucfurefbr the collector subsystem; it is 

illustrated in Figure 3-1. This cost structure was expanded as required to 

account for all elements of the co llector subsystem. 

No cost breakdown structure was specified for the CMF and'S-AB'toOling, but' 

they have been segregated according to normal accounting practices. 

3.2 Manufacturing Faci'l'ity Costs' 

The costs for the central' manufa'Cturing facility are summari'zed in Table 3-1. 

Both acquisition and operating costs are given. Details of th~c'ost estimate 

are contained in Appendix F. Costs for the SAB are summarized in Table 3-2. 

3.3 
,'" ,,'," ':" ",\", " " 

Coll eCtor Subsystem Install ed Costs versus Cumul ati ve Producti on 

The i nsta 11 ed costs "and pri ces for"the coll ector subsystem as' a func'ti on of 

cumulative production of 520,000 units are summarized in Table 3-3, and 

illustrated in Figure 3-2. As can be 'seen, the co11ector subsystem unit price 

vari es from $8, 793 to' $6, 26:r; these" va lue~ cbr'te'S'p'ond to $2CiO/m2 and'" $142/m2 ,'; 

respectively. Oetai lsu( these cbcsi:s"are show~' i'n~Appe~di ~., G. ," 
< ; .-. 

-. 'J '. 

3.4 toYl e'ctor Subsystem Costs versus Producti on Rate:" 

The variation' of c6ile'ctor' subsystem cosi' as a funCtion 'of heliostat 

production rate is shown ih'Figure'3-3.As'can b~ seen, pric:e~ may tary froin 

$6,884 to $6,353 per heliostat'for the 25,000- ',50,000- ana67,500~per year 

rates; a cost summary is given in Appendix Y. 

,-;-

. :~:l '. (. - ,-- -

r- .. _~ ) . 
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Figure 3·1. Col/ector Subsystem Life Cycle Cost Breakdown Structure 
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Table 3-1. Central Manufacturing Facility Cost Estimate 

COST 
ELEMENT 

LAND 

S IT[ IMPROVEMENTS 

BUILDINGS 

UTILITY SUBSTATION 

FURNISHINGS & EQUIP 

AMOUNT AND UN IT COST 

75 Acres i $32,OOO/Acre 

GFMP: $2,100,000 
FAP: $1,344,000 

GFMP: 
Mfg. Building ~ 
Galv. Building i 
Utility Bldg. @ 
Oil & Paint Bldg. ~ 
Indust. Waste i 
Employee Faci I. ~ 

Subtotal 

FAP: 
Mfg. Building @ 
Paint Storage @ 
Cap-stri p Stor. @ 
Employee Faei 1. @ 
QC & $upv. Facll. @ 
Malnt. Shops @ 
Warehouse Off. @ 
Loading Docks @ 
Compressor BI dg. ~ 

Subtotal 

ADMINISTRATION BLDG. 
GUARD HOUSES 

Bui Idings Total 

1 SUBSTATION 

$10,100,000 
750,000 
200,000 
25,000 

1,250,000 

69N88 13, , 

$ 6,372,000 
25,000 
25,000 
96,000 
29,000 

170,000 
10,000 
60,000 
17,000 

6,804,000 

$ 1,323,000 
25,000 

$2l ,227 ,000 

750,000 

General Equipment (Air Conditioning, Furnishings, 
etc.) 

1 Set $ 2,337,000 

TOTALS 

$2,400,000 

3,444,000 

$21,227 ,000 

750,000 

Process Equipment & Tools See Detail 
Pecul iar Tool Ing ~ 51,953,250 

General Purpose Tools i 21,536,300 
Total $75,826,550 75,826,550 

ME FEES, PERMITS, ETC. ~ 4~ OF TOTAL CONSTRUCTION (ITEMS 3,6,30,32) 

FACILITY TURNOVER AND ACCEPTANCE (ALLOWANCE) 

OPERATING COSTS PER YEAR 

GFMP 
FAP 

Total 

$403,725* 
315,625* 

$719,350 

* - Note: Portions of these costs are accounted as variable 
costs; see Appendix F for details. 
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Table 3·2. SAB Cost Estimate 

COST 
-ELEMEfoIT ' 

" Land 
Site Improvements 

Buildin9~ 

Tool s & Equi pment 

- Tr?nsport Equi p. 

Offic,e Equi p. 

,.:.:. 

OPERATING COSTS/YEAR 

Equi pment Rental 

Utilities 

- AMOUNrAND UNn- COST 

(Part of Power Plan(Slte) 
(Part of Power Plant Si~e) 

(Standard Cent. Rcvr. Pwr. Plant 
Maint. & WarehpuJ;e) 

H·Frame Msy Fixtures - -
4 @ $5000 -~' ZO.~90 

Jib·Jofsts, 
2 @ $150>.· - 3~~5-00 

Conveyor'" Line 

TOTALS 
-FOR ONE S-AS-

80' @ 200/10 ft Sect 1.600" • 
Facet Pallets' 

10 @S250 z,s:M 
Templ ate/AJ-ignment ,',' 

Fixtures::4 sets @ 2000, .. 11:,000 
Beam Tr~"'sport Carts - ' 

4 @ $250.;" ' , hllO!) , 
Misc. Tol1J1'4 Sets @ $500,;, ',' e.oao 
Misc. SJ i!J9s-4 Sets @ S300,:>: -_ ,,1.200 

Conti n~~,,~~!,~:-!~.~ce iomPIl :' ',$~~!~gg , $42.800 

1. 2 IHd Ti"ailers (For ~anelS), 
2 RT~l's for Gimbals @ 6500 

t',; 26.000 

2;' Pro~Rat~' Sh~i-e 6(Do~nstreani; 

': These items are 
mai ntenance 

, ,support equipment, " 
delivered to plant -

"owner (Class 449~) 

RT-l's:, ' ,.,-
(l01P6)(0500) ,,_,' (6m) ~_$;11.100 $31.100 

,20.0~O " 

Lineman';: s Tn~k. Drot C~ane. Tractors These items are 
~4~6E. See Class 

(All owance) @ $2500 $2500 

SAB Total $76.400 

Phones: S50/Month • . 
Power/Li ght: $lOO/Month" 
Hi sc. All owance 

600 
1200 
1000 

rnrou 
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..c 
IN 

COST COMPONENT 

UNITS PRODUCED 

~ARIA6LE COSTS 

EQUIP. RENTAL 

COLLECTOR SUBS. VAR. 
COST 

~ARRANTY SERVICE 

POWER, UTILITIES & 
FACIL. MAINT. 

ECONOMIC PROFIT 

TOTAL VARIABLE COSTS 

FIXED COSTS 

CENTRAL MfG. PLANT 

PLANT DESIGN & CONST. 
fEES 

PLANT TURNOVER/ 
ACCEPT 

PROCESS DESIGN 

PLANT STARTUP 

OEPRECIATION 

TAXES 

SITE ASSEMBLY BLDG 

PROCESS DESIGN 

~QUIPT. OEPRECIATION 

Table 3-3, Collector Subsystem Acquisition Cost Summary 

COLLECTOR SUBSYSTEM MANUFACTURING NOTE: Fiscal Years Run From June I to Hay 11 
COMPANY. COST IPIi-ICE SIJlto',ARY (C,~NSlAHT I 98Cl,$ , sl I Hellostat • 44m2 

PRODUCTION . FISCAl.,Y~1J 

1984 
1st YEAR 

20,000 

86.400 

117,857,342 

265,200 

1985 1986 1981 
2nd YEAR 1rdYEAR 4th YEAR 

50,000 50,000 50,000 

412,000 432.000 412,000 

294,643,354 297,643,354 294,643,354 

663,000 663,000 663,000 

1538 
5th YEAR 

50,000 

432,000 

294.643,354 

563,000 

178,050 278,050 278,050 278,050 278,050 

11,389,792 11,389,792 11,389,792 11,389,792 11.~89.792 

-129~776~784 307,4'06,196' -307~406,196 307 ,,406.l96-307 ,406,196 

3,912,140 

250,000 

6,227,870 

13,755,100 

15,095,250 

2,312,365 

13,677 ,870 12,255,852 10,839,607 

2,312,365 2,312,365 2.312,365 

125,018 111,127 :98,237 

9,423,725 

2,lI2,~~5 

83,345 

PER HELIOSTAT 
1989 1990 1991 1992 1993: 1994 TOTAL 

Per m2 6th YEAR 7th YEAR 8th YEAR 9th YEAll 10th YEAR 11th YEAR Per Unit 

50,000 50.000 50.000 50.000 50,000 50;000 520,000 

432,000 432,000 432,000 432,000 4~,OOO 432,000 4,406,400 0.19 8.47 

294';643,354 -294 ,643;354.294;64~ ,354 294 ,641~354 294·,643-,154 294,643,154 3,064,290 ,882 133.93 5892.87 
'.' 

663,000 663,000 663,000 663,000 661,000 663,000 6,895,200 0.30 13.26 

278,050 278,050 278.050 278.050 278.050 278,050 2.958.550 0.13 5.69 

7 .678~864 7 ,~j8,~64 7.678,864 7.678,86 . ., 7.678.864 7.678,864 103.022,14:4 4.50 198.12 

:303;#;95,168 103,695,268 303,695,2683O-~,695 ,268303~6~5.26B:l13,695 .2683.181.573,176 tJ9.o"5611s-:4i" 

,~,: 

8,000,8446,587.9625,).70,080 3,7~1,700 2.334,118 

2.m,}65 2~312;365 ,2,312.3.652,312.365 2~31~~365 
:,.' ';..:. 

69,455 55.563 41,673 27 .782 13.892 

3,912,140 
250,000 

6,227,870 

13,755.100 
916;436 88,053,644 

2.3iz,365.25,436,015 

188,270 

765,000 

0.17 7.52 
0.01 0.48 

0.27 11.98 

0.60 26.45 
3.85 169.33 

1.11 48.9Z 

0.01 0.36 

0.03 1.47 

SITE ACTlVATION/DOIiNSTRM 

INSURANCE 

188,270 

138,908 

114,BOO 

709,450 

330,000 

711.980 

330,000 330,000 

711,980 111,980 

~30,OOO 330,000 330,000 

711.980 711,980 711,980 

130,000 130,000 330,000 330,000 3,414,800 0.15 6.57 

711,980 711,980 7H.980 711,980 7.829,250 0.34 15.06 

DESIGN (tfANGE ADMIN. 

SEN & ADMIN. O~ERliEAD 

TOTAL fiXED COSTS 

165,000 

3,214,B80 

46,084.033 

165,000 

5,046,680 

22,368.913 

165,OOP 165,000 165,000 

5.046.680 5,046,680 5.J46,680 

20,933.064 19,503.869 18.373.095 

165,000 165,000 165,000 165,000 16,5.000 

5~046;680;: 5,046,680 :'5,046,680 :.5.046,680 5,046;680 
16:636.324:i5,209,550h,177,778 12,345.507 10;914.235 

165,000 1,815,000 0.08 3.49 

5.046,680 53,681,680 2.35 103.23 
9,482.661 a:J5,328,769 8.97 394.86 

TOTAL COSTS 175,860,817 329,775.10; -;;-~,D-~,~;~-~~6.910,O~~~5. m-~;;--iJ.331 .592 318,904,818 317 ,473 ,046316.040,77514,609.503 313,177 ,729-3,386 .9m:g45-'-14~1l3-$6,513 .27 

~"k.: 2 Sites Activated in In Year, 10/Year Thereafter 



Table 3-3. Collector Subsystem Acquisition Cost Summary, continued 

COST QTY/ UNIT 
ACCOUNT SYSTEM OESCR I PTI ON COST 

4410 6914 REFLECTOR ASSY $2124.37 

4420 6914 DRIVE UNIT 1602.55 

4425 ELECTRIC POWER NOT PRICED 

4430 CONTROL SUBSYSTEM NOT PRICED 

4441 LAND 469,950.00 

4451 6914 PEDESTAL 61B.00 

4453 LIGHTNING PROTECTION 281,342.00 

4460 FIELD ASSY & CHECKOUT 5.092,817.00 

4470 DESIGN AND ENGINEERING 200,000.00 

4490 MAl NT • SUPPORT EQUIP. 400.500.00 

4820 SPARE PARTS 32,375.00 

4830 ME SERVICES 757,782.00 

4840 CONSTRUCTION HGHT 112,898.00 

4850 PLANT STARTUP & CHECKOUT 270,742.00 

4860 CONTINGENCY 1.690,848.00 

Other Variable Costs: (Equip. Rental & Warranty Service + 
Economic Profit + Uttl Itle5): 

All Fixed Costs: $394.86/HELIOSTAT 
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ECONOMIC 
PROFIT 
RATE.S 

3.2 

3.2 

3.2 

3.2 

3.2 

6 

10 

3.2 

3.2 

6 

6 

6 

TOTAL 

TOTAL 
PRICE 

15,157,907 

11,434,592 

484.988 

4,409,588 

290,345 

5.398,386 

220,000 

413.316 

33,411 

803,249 

119.672 

286.987 

1.690.848 

$40.743.283 

$5892.87/ 
HELlOSTAT 

225.54 

394.86 
lO5T3727-. 

$148.03/ml 
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3.5 

3.5.1 

Collector Subsystem Operations and Maintenance Costs for 
a 50MW Electric Plant 

One Year Operation and Maintenance Cost 

Table 3-4 summarizes the expected operation and maintenance costs for one year 
of ownership at a 50MW power plant. These costs are based on the operating 
hours, failure and repair rates given in paragraph 2.5. Details of the costs 
are given in Appendix H. 

3.5.2 Operation and Maintenance Cost Variation Over the Power Plant 
30-Year Life 

The principal variables in collector subsystem O&M costs are the expected 
amount of operation and the variation in weather conditions. Although both of 
these parameters would cause O&M costs to vary, they cannot be predicted. It 
is anticipated that the operating electric utility will generate expected O&M 
yearly budgets as they gain experience with the system. No attempt has been 
made to generate specific estimates, but (disregarding inflationary effects), 
an average annual variation of ~ 10% of the costs shown in Table 3-4 might be 
reasonable. 

3.6 Potential Cost Reduction 

It is possible that certain changes can be made to the Collector Subsystem to 
reduce costs. The type of changes and their estimated cost impact are 
summarized in Table 3-5. 
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Table 3-4. Collector Subsystem Operation and Maintenance Costs 

ACCOUNT 
NO. 

OM 10 

OM 10.1 

OM 10.2 

OM2QO 

OM 210 

OM 220 

OM 300 

OM 310 

OM 320 

DESCRIPTION 

OPERATIONS 

COLLECTOR FIELD OPERATORS 

ELECTRI CAL POWER· 

MAINTENANCE MATERIALS 

REPLENISHMENT SPARES 

REPAIR MATERIALS 

MAINTENANCE LABOR 

SCHEDULED MAINTENANCE 

UfiSCHEDULED MAl NTEf'lANCE 

*While Power Plant Is Not Operating 
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OM TOTAL 

1980 $'s/YEAR 

$ 78,760 

22,520 

OM 10 $ 101,280 

$ 98,000 

5,000 

OM 200 $ 103,000 

OM 300 

$431,950 

123,780 

$760,730 

$ 760,090 



Table 3-50 Potential Cost Reduction Items 

ITEM 

• Reduce pedestal diameter from • 
23-5/8" to 18H on 

• Reduce gimbal diameter to 18H OD • 

• Change from Foamsll to Foamglas • 
core In reflector facets • 

• 

• Reduce cost of silvering from • 
5.38 to 3.87 $/m2 
(0.50 to 0.36 $/ft2) 

• Reduce cost of drive motors • 
• 

~ Based on 44 m2 nominal reflector area 

JUSTIFICATION 

Lateral stiffness measured at 
3 to 10 times,> design value 

Maintain compatlblll ty wi th 
pedestal 

Lower cost 
Commercial availability 
Favorable JPL experience 

Battelle repart~lndlcates lower 
cost 

Reduce spec/requirements 
Develop competitive suppliers 

COST REDUCTION 
$/m2 [J> 

2.40 

7.30 

2.20 

1.50 

1.70 

TOTAL $ IS.IO!m:!. 

~Hellostat Mirror Survey and Analysis. M.A. Lind et.al •• Battelle Report PNL-3194/UC-62. 
September. 1979 
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APPENDIX A 

General Description of Cellular Glass 
Block Manufacturing Process 
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Appendix A 

Cellular Glass Block Manufacturing Process 

1.1 This appendix provides an overview of the FOAMSILR-75 ware 
manufacturing process which is owned/patented by Pittsburgh Corning 
Corporation. 

1.2 Process Description (see Figure A-I). 

1.2.1 

1.2.2 

1.2.3 

1.2.4 

1.2.5 

Materials are received and stored either in silos or in their 
shipping containers ready for use in the mixing area. 

Materials are automatically fed into continuous ball mills which 
deliver "ground batch" to a storage silo. 

Ground batch is automatically fed onto a belt which carries it 
through a sintering furnace where volatile materials are removed 
to form a "kl i nker". 

The klinker is ground and sized (and reground if necessary) and 
fed into a final batch storage silo. 

Stainless steel mold pans are filled with the final batch and 
automatically fed into a cellulating furnace where the foaming 
operation take~ place • 

• 2.6 When the pans emerge from the cellulating furnaces, the molds are 
stripped and the "buns" placed in the annealing lehr where they 
are cooled under controlled conditions to room temperature. 

1.2.7 

, .2.8 

After annealing, the buns are trimmed on all six sides to 19" x 
24-1/4" x 2" thick, palletized on special pallets and either 
warehoused or sent via conveyor to the facet plant. 

Quality checks will be made of glass density, modulus, water vapor 
permeability and visual appearance on a sampling basis. 
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Figure A-t. Schematic of Cellular Glass Production Process 
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permeability and visual appearance on a sampling basis. 
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APPENDIX B 

Make/Buy Decisions for 
Production Facet Assembly 
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Appendix B 

Make/Buy Decisions for Facet Assembly 

1.1 Component Materials - Make/Buy Decisions 

1.1.1 

1.1.2 

1.1.3 

1.1.4 

Amounts necessary for 50,000 heliostat units per year were analyzed 
to determine the preferred source. 

Fusion Glass, Clear 48" x 120" x 0.060" 

Buy - Technology is property of Corning Glass Works. To supply 
the quantities in question, Corning Glass Works would expand its 
facilities in Blacksburg, Virginia rather than establish a plant in 

the Southwest. 

Fusion Glass, Silvered 48" x 120" x 0.060" 

Buy - As in 2.1.1, the fusion glass would be purchased from 
Corning Glass Works and silvered on an in-line silvering facility 
at Blacksburg. Silvering in-line with the glass making process 
will provide a high quality reflective surface due to reduced 
contamination of the surface to be silvered. 

FOAMSIlR-75 Ware 19 11 X 24-1/411 X 2" 

Buy - Purchase from FOAMSIlR-75 plant situated adjacent to the 
facet assembly plant with IIthrough the wall II delivery. All 

materials involved in the production of FOAMSIl-75 ware are to be 

purchased. Technology owned by Pittsburgh Corning Corporation. 

Epoxy Adhesive (2-component) 

Buy - Well established large plant operations in a number of 
locations by several companies are capable of supplying this 
quantity of material (Shell, Dow, Henkel, Ciba-Geigy, Devcon). 
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1.1.5 

1.1.6 

1.1. 7 

1.1.8 

1.1.9 

Hot Melt Butyl Sealant 
Buy - Commerically available in this quantity from several 
companies, including the Norton Company and H. B. Fuller Company. 

Cap Strip Adhesive 

Buy - Urethane modified asphalt is available from Pittsburgh 
Corning Corporation, Flintkote, and others. 

Cap Stri ps 

Buy - Available locally from sheetmetal shops. Business could be 
farmed out to a large number of contractors. Purchase primed and 
painted. 
Corner Caps 

Buy - To be manufactured on punch press equipment. Available 
from large stamping companies. Purchase primed and 
painted. 

Paint - Backsheets 

Buy - Photocurable 100% solids urethane. Available from several 
sources, e.g., Hughson Chemicals, Dupont, Ameron, Mobay. 
Application is 1 mil of white and 2 mils of clear. 

1.2 All materials are to be shipped to the plant in the Phoenix, 
Arizona area via rail or truck. All glass will be shipped via 
open top truck. Adhesives are to be received from rail tank cars. 
The paint and hot melt butyl may be shipped either by rail or 
truck and the cap strips and corner caps should arrive by truck. 

1.3 All make/buy decisions and shipping requirements are unaffected by 

the production rate. 
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APPENDIX C 

Make/Buy Decisions for 
Production Gimbal Drive and 

Frame Components 
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Appendix C 

Make/Buy Decisions for Gimbal Drive ahd Frame Components 

1.1 All major castings will be purchased outside and machined in -
plant to provide control of the critical components and achieve 
total manufacturing costs that are probably lower than obtainable 
from outside machine shops at these volumes. 

1.2 All major non-standard components and assembly for the planetary 
drive/bearing assembly are sourced in-plant. 

1.3 Final assembly of the azimuth and elevation worm drive units is 
also sourced in-plant with the worm gearing purchased outside, and 
the acme thread S.S. shaft sourced in-plant because of 
difficulties in locating sources with sufficient capacity. 

1.4 The torque tube will be purchased outside cut to length. 
In-plant, the outer diameter will be expanded to the close 
tolerance size required in the ring fit areas. 

1.5 The flanges and rings to be welded to the tube in-plant will be 
purchased as form extruded sections in approximately lOa" lengths. 
In-plant the material will be cut to length, ring rolled, end 
welded and expanded to 1.0. size to fit the torque tube 0.0. This 
method utilizes available capacity at the steel supplier for 
extruded mill sections and provides for good utilization of ring 
rolling, etc., equipment in-plant. 

1.6 The beams for the H-frame assembly will be purchased finished, 
made from pre-galvanized steel (galvalume process) and shipped 
direct to the power-plant sites. 

1.7 Miscellaneous stampings are sourced in-plant with presses fully 
loaded. 

1.8 Various miscellaneous machined parts and weldments are sourced 
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in-plant. These include pins, brackets, spacers, adapters, etc., 
which could be cycle run over common equipment to obtain good . , 
utilization. These parts should be reviewed for sourcing in 
actual production by obtaining quotes from small local outside 
suppliers who may have available time on existing equipment. 
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APPENDIX F 

C~ntral Manufacturing Plant and Site 

Assembly ~uilding Detail Costs 
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Table F-1. CMF Design/Construction Cash Flow 

AMOUNT INCURRED IN 

ITEM 1st YEAR 2nd YEAR 3rd YEAR 4th YEAR 5th YEAR 

DESIGN 
GFMP 989,400 19.4% 2,519,400 49.4% 1,591,200 31.7% 
FAP 963,201 85.4% 164,669 14.6 
SAB 188,270 100% 

ACTIVATION 
GFMP 3,393,750 25% 10,181,250 75% 
FAP 36,020 20% 144,080 80% 

CONSTRUCTION 
LAND 2,400,000 - SITE I NPROV • 1,722,000 1,722,000 - BUILDINGS 4,245,400 20% 10,613,500 50% 5,306,750 25% 1,061,350 5% w 

SUBSTATION 750,000 100% 
FURNISHINGS & 3,791,328 5% 30,330,620 40% 30,330,620 40% 11,373,983 15% 

EPUIP. 

A&E PERMITS 782,428 20% 1,173,642 30% 1,564,856 40% 391,214 10% 

FACILITY TURNOVER 250,000 

CASH FLOW 14,680,696 47,322,363 42,576,135 23,401,877 127,981,071 

INTEREST @ 6% TOTALS 

1st YRS 880,842 880,842 880,842 880,842 3,523,367 
2nd YRS 2,839,341 2,839,341 2,839,341 8,518,025 
3rd YRS 2,554,568 2,554,568 5,109,136 
4th YRS 1,404,113 1,404,113 

TOTAL $18,554,641 



Table F·2. eMF and SA8 Design and Startup Costs 

ITEM/DESCRIPTION 

GFMP 

ESTIMATED 
COST 

PROCESS DESIGN & DEVELOPMENT 5,100,000 

PREACTIVATION & LAUNCH 13,575,000 

FAP 

PROCESS DESIGN & DEVELOPMENT 1,127,870 

PREACTIVATION & LAUNCH 180,100 

SAB 

PROCESS DE~IGN & DEVELOPMENT 

PRttACTIVATION & STARTUP/SITE 

TEARDOWN & MOVE/SITE 
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188,270 

32,400 
13,000 
25,000 
20~000 

REMARKS 

1ST 2 SITES 
All Other Sites 
1ST 2 SITES 
All Other Sites 



Table F-3. Gimbal and Frame Plant Process and Installed Equipment, and Operating Costs 

ITEM 

1. PROCESS EQUIPMENT: 

1.1 Peculiar Vendor Tooling 
1.2 Process Machines "Peculiar Equip" 
1.3 Tools & Gauges 
1.4 Production Support "General Equip" 

Sub Total 

AMOUNT 

$ 822,150 
29,749,700 
7,188,900 

14,347,400 
$ 52,108,150 

2. INSTALLED EQUIPMENT (AIR CONDITIONING, ETC.; SEE NOTE BELOW) 

2.1 Furniture, Kitchen & Lockers 
2.2 Air Conditioning Equipment 

3. OPERATING COSTS: 

Sub Total 

3.1 
3.2 

General Utilities (Phones, Water, Waste Disposal 
Air Conditioning: 

f 

15,000 kWH/Day @ $0.03/kWH for 250 days = 
7500 kWH/Day @ 0.03/kWH for 115 days = 

Sub Total 

3.3 Lighting & Machinery: 
14,000 kWH/Day @ 0.03/kWH for 250 days = 
3,000 kWH/Day @ 0.03/kWH for 115 days = 

4. MISCELLANEOUS EXPENSES (ALLOWANCE) 
REPAIRS, PAINTING, ETC. 

Sub Total 

$ 600 f OOO 
. ,! 900,000 

$ 1,500,000 

$ 50,000/YR 

$112,500 
25,875 

$138,375/YR 

$105,000 
10,350 

$115,350 

$150,000 

NOTE: "Installed Equip. Costs" Include Allowance For Furniture, Etc., For CMF 
Administration Bldg. 
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Table F-4. Facet Assembly Plant Furnishings, Installed Equipment and Operating Costs 

ITEM 

1. PROCESS EQUIPMENT 

Process Equip 
Glass Ship. Crates 
Facet Ship. Crates 

"Peculiar Equip" 

Total 

AMOUNT 

$15,231,400 
450,000 

5,700,000 
$21,381,400 

2. INSTALLED EQUIPMENT (AIR CONDITIONS, ETC.; SEE NOTE BELOW) 

Air Conditioning 
Furniture & Fixtures 

3. OPERATING COSTS/YEAR OR UNIT 

Total 

737,000 
100,000 

$ 837,000 

Generating Utilities @ $30.00 - 600,000 = $O.05/Facet 
Air Conditioning Power: 

12,960 kWH/Day @ 3 /kWH for 250 Days = 97,200 
for 250 Days = 97,200 

6,500 kWH/Day @ $0.03 for 115 Days = 22,425 
Subtotal $119,625 

Lighting & Machinery Power: 
12,000 kWH/Day @ 3 /kWH for 250 Oays = $90,000 

2400 Facets 

= $0.15/Facet 

2000 kWH/Day @ 3 /kWH for 115 Days = 6,900 
Subtotal $ 96,900 

,4. MISCELLANEOUS EXPENSES (ALLOWANCE) 
REPAIRS, PAINTING, ETC. =$ 100,000 

NOTE: "Install ed Equi pment Costs" Incl ude All owance For Furniture, Etc., 
In eMF Administration Bldg. 
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Table F·5. eMF Operating Expense Allocation 

l. Gimbal & Frame 

Gen. Util ities 

Air Conditioning 

Lighting & Machine Power 

Misc. Expense 

2. Facet Assembly Plant 

Ge n • Ut il i tie s 

Air Conditioning 

Lighting & Machine Power 

3. 1st Year Expense 

Amount/Year 
Accounted For In 

Variable Co~ts Fixed Costs 

50,000 

105,OdO 

, 150,000 
$305,000 

30,000 

97,200 

90,000 
$217,200 
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$138,375 

10,350 

$148,725'" 

22,425 

100,000 
$129,325 

iota 1 $278.05'0 ,\I 



Table F-6. SAB Furnishings, Equipment and Operating Costs 

ITEM 

PROCESS EQUIPMENT (PER SITE) 

Peculiar Tools, Jigs & Fixtures 

Special Transport Equipment 

OFFICE EQUIPMENT (DESKS, ETC.) 

(Allowance) 

OPERATING COSTS/YEAR 

Equi pment Rental 

Util ities 
Phones: $50/Month = 
Power/Light: $100/Month 
Misc. Allowance 
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AMOUNT 
PER SAB 

$42,800 

31,100 

$2500 

$43,200 

600 
1200 
1000 

$'2BOU 

TOTAL 
FOR 10 SITES 

$428,000 

311 ,000 
$739,000 

$25,000 

$432,000 

$ 28,000 



Table F-l. Production Tooling Equipment Costs 

A. Peculiar Tooling 

APPLICABLE 
ITEM TO OESCR I PTI ON TOTAL COST 

1 4410.2 Beam Tooling, Vendor $250,000 

2 4410.3 Bracket Pad Tooling, Vendor 18,000 

3 4410 SAB Tooling, 10 SAB's @ $42,800 428,000 

H-frame assy fixture 4 @ 5000 
Jib hoist 2 @ 750 
Conveyor line, 80 ft. @ 200/10' 
Facet pallets, 10 @ $250 
Templates for facet alignment, 

4 sets of 2 ea. @ 2000/set 
Beam transport costs, 4 @ $250 
Misc. tools, 4 sets @ $500 
Sling sets, 4 sets @ $300 
Misc. Allowance, 1 @ $5000 

4 4420.3 Gimbal Assembly fixtures at 
CMF (15 fixtures) 250,000 

5 4420.3 Gimbal Component handling 
slings, 1 set, CMF 5,000 

6 4410.2.06 Outboard torque-tube flange 
tooling, CMF 60,000 

7 4423.2 Elevation motor tools; vendor 900 

8 4420.1.3 Misc. tools, gimbal, CMF 5,700 
components at CMF 

531442.25 gasket tool, 1 @ $150 
531442.09 magnet holder tool, 1 @ 

$3000 
531442.12 magnet holder tool, 1 @ 

$2500 

9 4410 

119 



ITEM 

10 

11 

12 

13 

14 

15 

APPLICABLE 
TO 

4496 

4496 

4496 

4420.4.3 

4420.4.5 

4421 

Table F-l. Continued 

DESCRIPTION 

Tow tractors, for RT-l 
Trailers, 2 ea. purchase 
@ $7500; 1 yr rental for 
5 tractors at $2400/year 
per tractor = $12,000 

Lineman's truck at SAB 
1 ea. purchase @ $50,000; 
rental of 1 truck for 1 
year @ $1000/month 

Drott Crane at SAB 
1 ea purchase @ $55,000 
rental of 1 crane for 
1 year @ 1600/month 

Vendor tooling for rings 

Vendor tooling for swivel 
extender ring 

Azimuth drive tooling for: 
(at CMF) 

Worm gear @ $15,900 
H.S. cover @ 6,700 
H.S. worm @ 5,000 
5.5. worm @ 5,000 
H.S. gasket @ 150 
5.5. gasket @ 150 
Base @ 15,000 
Cover @ 10,100 
Planet Gear @ 5,800 
Planet Frame@ 4,575 
Primary gear@ 2,205 
Second ring gear 1,518 
H.S. Pinon @ 7,000 
Base gasket @ 300 
Cover gasket @ 300 
Motor adapter @ 9,600 
Gimbal housing @ 11,200 

Total $100,598 

TOTAL COST 

$120,000 rental 
(nondepreciable) 

$120,000 rental 
(nondepreciable) 

$192,000 rental 
(non depreciable) 

30,000 

13,400 

100,600 

Note: These items are MSE and delivered to plant owner under 
class 4496 
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ITEM 

16 

APPLICABLE 
TO 

4422 

Table F·7. Continued 

DESCRIPTION 

Elevation drive tooling for: 
(at CMF) 

Housing @ $17,400 
Attachment housing @ 17,400 
H.S. cap closed @ 4,800 
5.5. cover @ 8,400 
Motor adapter @ 9,600 
5.5. cover gasket @ 150 
Center gasket @ 150 
Attachment housing 

gasket @ 
H.S. worm @ 
H.S. worm gear @ 
5.5. worm @ 
S.S. gear @ 

Total 

150 
10,000 
5,000 

10,500 
5,000 

$ 88,550 

Peculiar Tooling Totals 

To GMF 
SAB: Items 3,9,10,11,12 
CMF: Items 1,2,4-8,13,14,15,16 
Equipment Rental (From Items 10,11,12) 

B. PROCESS MACHINERY, TOOLS & GAUGES, AND 
PRODUCTION SUPPORT EQUIPMENT FOR GFMP 

(See Table B1 for Details) 

GFMP PROCESS MACHINERY TOOLS AND GAUGES TOTALS 

Process Machinery 
Tools & Gauges 
Production Support 

121 

Total 

+ 

TOTAL COST 

$88,550 

$2,237,000 
822,150 
432,000jyear 

$3,059,150 
432,000jyear 

rental 

$29,749,700 
7,188,900 

14,347,400 
$51,286,000 



Table B-1. GFMP Machinery and Tooling Equipment 

Quantity Production 
Part Required Process Support. 

NI!!!!be[ Per Untt MachlnerJ( Tools Ie Gautles Eg"ll!!omt. Tots1 Re .... rks 
I - MAlI1Ii'AC'l'ffilNO PL\II'l' (000) (000) (000) """liiOOl 
GI .. LallAEI .. "lb/llea[lns Drive A88egblJ( D-651133-18 1 $ 0 $ 35".0 $ 115.0 $ ~.o 

Wona Gear 1Io".h\8 '19023" 1 929.1 306.0 201.1 1, t.2.8 
II. S. Cap 8002~0 1 215.8 38.5 1"2.0 396.3 
S. S. Cover 8002"1 1 211.5 1".0 1".0 359.5 
s. O. Shaft. Spacer-Bhort 835235 1 0 8.0 0 8.0 
S. S. Shaft Bpecer-r..ooa 83"2)6 1 0 10.0 0 10.0 
U. s. """doa &ablna 83523" 1 90.1 18.0 "9.1 158.' 
Ila~e U"uahl8 926610 1 n3.0 1"5.0 1811.0 1,042.0 
Coyer - llou81na 926220 1 1"1.0 231.0 251.0 1,235.0 
Plallet G"ar 9361-.0 3 3,1.83.0 "38.5 551.0 ',112.5 
Planetary Fr_ 926310 1 106.0 38".5 1"".0 1,231.5 
I'rl .... ry IUoa Gear 935nO 1 2,1311.0 605.2 3/'i2.0 3,101.2 
Sec,""lary IUOK Oear 93611"0 1 1,958.0 988.0 1,(;1.0 3,'113.0 
I'rlcllon Rilla 926360 6 19.5 12.5 20·1 52.1 
Joun\al 1'10 926)61 3 11.3 11.0 6.5 28.8 
Bull Rt:tdnl'l8 Bolt 926913 1 9.2 3.0 5.0 11·2 
Gimbal Rouslng 5311 .. 6 1 133.0 210.0 215.0 1,158.0 

KlexetJon Drive AloemblJ( D651l'0-111A 1 0 59.0 "5.5 1011.5 
Boualna 06511"0-22 1 1,607.0 665.0 23".0 2,506.0 
Altach_ol llou81na c6511"0-1j6 1 855.0 339.0 rn.o l,m.O - Attacl_ot HouBina Cover A5510-L 1 55.0 16.5 21.5 99.0 

N Inler Cover - B.S. Cap C10.ed .... 85 1 96.5 28.0 25.0 151.5 N s. S. Cover J!651l"0-2O 1 99.0 32·5 19.0 150.5 
II. S. Cap Open A65111,0-"5" 1 In.O 50.0 1A.5 239.5 
Motor Adapter 1')22 1 132.5 61.0 50.5 250.0 
B. B. Spacer A6511ljO-2lA 1 12.0 "2.0 11.5 131.5 
B. S. Sbaft Spacer Wauher A6511"0-""" 1 n.o 16.0 36.5 125.5 
Upper Btop Collar ,,6511"0-"3 1 13.0 10.0 "1.5 12".5 
Lower Stop Collar A6511"0-1t8 1 90.1 35.5 61.5 213.1 
8. 8. Shaft. 1l65UItO-23 1 10,385.0 662.0 665.0 11,112.0 

Torque ''ul.e Apael.Llx SK-6130-002 1 3''''' 16"." • 199.1 
Torque Tube SK-6130-002-2 1 721.0 133.0 • 85".0 Flange-Outboard fIIC-6nO-002-3 2 133.6 91.6 * 225.2 
)'lange-Illboard SK-6130-002- 2 0 0 0 Included In l'laa,ge-Out.Loard 
Mapter ntna "31~39A 2 "01.1 15.9 • "11.6 

A .... Anucna'l:t: Torgue 'l'llbe Act. 5311"1 1 21.9 20.6 " "2.5 Arm Actuation 5311"7-1 2 311.6 122.9 "3".5 Bnce-Croua 5311"1-2 2 0 11.0 * 11.0 
Brace-Cro •• 5311"1-3 2 0 5.8 " 5.8 
Cap-Elld 5311"7-" 1 35.9 9." 1t5.3 

*IlIclud"d under hen !Ihop Geoeral 



Table B1. continued 

Quantity Production 
Part Required Proee .. Support 

"umber ~ thchlnea Tools & Gausell B'1l>:jnt Total Rellll1rk8 
(000) (000) (000) 

~o[ylle Tube • Act. A!!! AI!I!emb1X lnev added! 1 • ".5 $ "5.5 $ * $ ~.o SvlYel Ext. -Rlns Adapter nevadded 2 562.0 292.0 81.0 1.0 

R-Frame Assem!ll 211-1<r~ 2 Incll1df'd tn Relloslat AS8'y 
on Utility Sites 

Reint. Angle 211-1020-" 8 ~ ... * 5." 
lIetnr. Angle 211-1020-12 16 "6.1, .3 • 50." 
Reinr. Bar 211-)020-8 .. 112.5 6.8 • 119.3 
Strut 211-1020-5 8 56.0 2-" • 51U 

ASBembly Attach. Brkt. 211-)0119' "8 119.0 82.0 • 201.0 
Bracket Attach. Plate 211-10119-1" 2" 80.0 6." • 86." 
Bracket Attach. Plate 211-10119-13 8 83.1 1.0 * 90·1 
Bracket Attach. Plate 211-10119-11 16 115·9 20.1 • 136.6 
Attachment-Bracket 211-10119-16 Ita 220.1 3".2 * 25".9 
Iloul.ler BJu Plate 211-10119-19 ItS "1.1 ..... • "5·5 Adapter-El. Dr. 'l'nmnlon 531""2-01 2 "05.0 63." 101.0 569." 
Adapter-Motor Rev. Cntr.-A •• 5]11,"2-02 1 13·9 3.2 • 11.1 
Sleeve-Motor Rov. Cntr.-A •• ' £1. 531,,"2-03 2 199·5 "1.0 125.2 371.1 
Adapter-Motor Hev. Cntr. -B1. 5]1""2-oIj 1 0 ".6 • ".6 
Cover-Motor Bev. CDtr.-A ••• El. 531,,"2-05 2 0 ... ] • 'I.} - .Iount.-ro Board -Ae •• 81. 531",,2-06 2 ]11.3 5.3 * 39.6 N Adjuster-Fe Board-Ae." E1, 531""2-06 2 9·2 1.2 2·5 12.9 w 
.~t Holder-Rev. Cntr.-As •• El. 531""2-09 2 26." 9.6 61.0 99·0 
Mount-1.ero Ref., As •. 531,,"2-10 1 0 1.5 * 1.5 
lIolder-Zero Ref., All. 531,,"2-11 2 66.9 2." :n.8 103.1 
Magnet Holder-Zero Rer. A ••• 81. 531",,2-12 2 0 1.1 0 1.1 
.Iount-Zero Rer. -El. 5)l1'''2-1~ 1 81.) 13.2 0 100.5 
Brack"t '-Iagnet lIolder-Bl. 531""2-1 1 ).1 6.1 • 9.6' 
Bracket ."'gnet lIo1der-Ae. 531 .... 2-15 1 206.9 9.5 * 218." 
Pln-E1. Ilearing 531"1t2-16 2 11.1 23.0 38.0 138.1 
Pin-El. Act. Mount Pivot 5]1,,112-11 1 0 10.0 0 10.0 
Uncket -Az. Cable Wrap 531""2-2" 1 2".6 8.1 • 33.) 

'1'001 11001. 1,16', .2 1,16'( .2 
Cutter Ilrlnd 1,2]3.2 1,233.2 
Maintenance 1,3,,0.0 1,3"0.0 
Qua1Hy Control Layout • Lab'lI 1,719.1 1,119.1 
Washing-Cleaning Equipment .... 9.9 ""9.9 lIeat Treat Oeneral "06.) "06.3 Preas Shop General 592.0 592·0 Oalvanldns Syste. 1,250.0 1,250.0 
Paint S),ste. 330.0 3)0.0 
Material llandllng 506.0 506.0 

[ Sub-'!'olal - Manuracturing Plant I $29,1"9·1 $1,100.9 $1",3'11.1, $51,266.0 

·Included und .. r Pres8 Shop General 



-~ 

IT[M 

RETURN ON LABOR • 
MATERIALS 

@ 3.2% 

RETURN OF INTEREST 
ON INVESTMENT 

RETURN ON INVESTMENT 
OF $127.981.071 0 6% 

RETURN OF CAPITAL 
( DEPRECIATION) 

TOTAL ECONOMIC PROFIT 

Table F-B. Components of Economic Profit 

1984 
1st 

1985 
2nd 

1986 
3rd 

1987 
4th 

See Balance Sheet - Included in Unit prices 

1988 
5th 

3.710.928 3,710.92B 3.710,928 3,710,928 3.710,928 

COMPONENTS OF ECONOMIC PROFIT 

AMOUNT TO BE RECOVERED IN 

1989 
6th 

1990 
7th 

1991 
8th 

1992 
9th 

1993 
10th 

1994 
11th 

7,678.864 7,678,864 7,678,864 7,678,864 7,678,864 7,678.864 7.678,864 7,678,864 7,678,864 7,678,864 7,678,864 

See Ba 1 ance Sheet 

11.389.742 11,389,74211.389.742 11,389,74211,389.742 7,678,864 7,678.864 7,678.864 7.678.864 7,678,864 7,678,864 

TOTALS 

18.554.641 

84,467,507 

$103,022,148 

$198.2/hel1ostat 

$4.50/l 
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.. _-,--- PROJECT .?::.~gtlff&'JllR.tL.!ltJjp;J",t} r 
JOB NO _t1{!P-~Z2=L1?.._. ___ . COST ESTIMATE SUMMARY BE&C ENGINEERS ~OO©. 

PREPARED BY 12...c. .. tlV.n:l.!.1!.Y.'.._ ...... CHECKED BY: ._ .•.•.•. _ •.•••.•• _ .. _ ••••••.• __ . ___ . DATE .!.:":.(!.::.t~.. SHEET _.t. __ OF _1-_.~ .. _ .. _. _____ .. 
Hv .2 - ~'81 ~, ,-I- II£lltJJ]7tTS 

~---,-.~ - - ~ 

MATERIALS LABOR SUB-CONTRACT 
I\"m QUlntlty 
No_ DESCRIPTION lit Unit Unit Totl' TOTil' TO lX' TOTAL 

Unit Price Amount vaW'", Ie Unit Price Amount 
M.H. M.H. J)lrecr Bv~Jen P~R ijHwST 

/1,;).1 FArf-r A<:::SY , 

~·7:'tl./.ol FLAcf'-r M,irE~11+l /2- G)/JJ1It1 ~~3,32. ~ 30.3,.3l. 

4411./. P1. A 5~rMf)LY /..A-f1tJP- . Ie ' ~ - - - ~,22. JJ I .2-B 42..00 

';4/J.I.63 I-'J,/I,N7,~AlA1./CE H;Sr " /2 tJ, 12- 5.69 S,OI 

, I,' I ~ 1-"j., ,.... . DI{tfCr VTIL/ TlFJ' /2 ().3(; 4.32 4.}2, 

/2... AurA ::s- y s r;;; 1CMr 7r351,~~ 
-t 4/J :.71 TRA/V<;PoPTItl7oA! cF FflCf7t / 76, S() It..so 12- r/lCETAs.t ~ 1'".RAN jJt)IY',If "~AI 7/'. 5'J 

-N 
....... 5//8 V077J I tys- OR ~tb 72JS/1T '~4J/.Ie /L PAct=.T'15 

., 10;: r R Af.4F A ',-:-'r. lUI tiNe! LlI 2. (liFE DET IL S B£lDtu) 
I 1. 17 - /,,1/ :;: - 5 ~-" 

1~~/().2. ,al $(/Ppo~'" Fll'AM 4- -. - - - - - l>G.3, *-? ~;S3. t;d 1$253. (,/) 

2..77(,/O/:~-S 
/. 17 7,3t D.2.2. 0 •. 7(, 4410.2 Ol [,7/U/T C/iO:.;:;' nPllrt -,;) 8 - - It) • 3., 

~ 1 7 - I.".' J . fS 4 11.5 J - t.3" 8 .2.7 /2,75 -HM.? 03 R£J/Jl)rnN.~ " !l,' 2.12- -
27-: .. /j I. :; - : 2-

0,4 'f 1.10 7.5/ -I'il:l • Jill l-:O{ /AI! v''''F A,\ " r 1ft, O. :11 5.32 - -
,;!71-/(J/ Z!I,.j 

8 (j I 2',! 2. • .3 2- 0.1. 7 0'''5 3,5':; -I)i) , 1d~ ('{A, ': I '~I( /f: ." - -

4-' /0,2 .,,', ji.'/" .vi Jl '11 11'/ A;;;r,'( RII,LH '2.- - - - - ".7;' 2,00 2. 15 

10/,1 :il/! 7,./{ t. "2" 2. '2.7. '14 5-5. a 8 - - 0.81- 2.DO - - 5&.1i 441i1 1.,,;'.DJ 

4..f II! . ; . I; J 1 r 11"-.1( .. f .. Iff Il!l 2- Id.87 '2-/.74 - - " s& S. ~1 - - 2e.9(. 

'-
'1-; .). , .P~, jJ'3 F ;"'f-J~j-' IA'.'".? 2 I~. f!,7 2/. 7~ - - ,.I' 4.tl3 - - 2~.q2. 
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PROJECT .7.:/!!!..~N.t:AdllRN.&lltST,4Jr 
JOB NO .. t1I?!?i.-.Z2=.LE. .. _ ...... _._ .. COST ESTIMAT~ SUMMAR V 

BE&C ENGINEERS ~it!t©. 

PREPAHED BV /2...r. .. tlt!.m.!.~!.t.r..· ........ CHECKED BV: •.......•........... _ ....•.•...•.. _ •........... DATE L-::.~1: .. ~L .. SHEET ... "?-.. _. OF .• 1 ............ _ ...... __ .. 1-

4> r 14 IlEtltJ..51191S 
4.fm ~ . ~ 410 R f FLECWR . Co'" j'NUiD , 

• 

MATERIALS LABOR SUO-CONTRACT 
ho:m DESCRIPTION 

Quantity TOTAL 
No. lit Unit Unit Price Amount Unit Total l'ota' v~ ... iable Unit Prlctt Amount 

M.H. M.H. Direct Bun'." p!,~ i'lfLlDS'TM 

1/10. :' .J.~/~AHf ASC;Y Ch VI tJl1lJroJ 

.. H ID. '"2 .07 TQAN ~PlJf(T R F:A 11 ~ FoRa!:'! MAAlIJFAc. rW~~l PI.. IAIJ,..lO sm.· : PAl UAmA': RT I=RD ~ LAC I<AW"Ij 1N4 N.Y . i'7oAI£I.W iJ 7f) "0 
·Hla.2.c.8 rnANtP/)IlT TO R W£'TJJBfS FROk 01 F TO SI (~ TIWU. rRA-foI: . POll r '4.7b/~fU" 4. 70 

-\4IU.2 oq TRItN!:p{)llr . BEAM '5'TRVl'S '&AR9 It!,N ~LfS F((C 11 el1F 'TV SIn: : T1i!lJtt T rU4N.S~$l r '1. 5' /Ht'LIO 2,50 

44w 1./0 A 5 S f M B I.. £ 14 - r R M1ES Ii. 5AB 
I) 

7.17 7.77 4410.2..IO,J ASSfl'lSl'l HFlPDW~£ I 5~r 7~ 17 

,,410, '2 010.2. A S!:F H I3L'I L.A6oR 4.25 3+.DO 
r'NCLlJD,"O 

3~,OO 2.13 IN C.~F COSlS 

p1J877JJ; rr J. -PRAM £:5 A~ ~fffalff) AT SA ~ F'524.44 
I 

-i·U., MIRRoR- FAc~r ATTAtfl-HfNT &RI\tIO rr 
-141D.3.01 

277 -/~/I'I 4& o. {,s 
---. 6 SS~t;l eb~ 2.2.7 7 '?2. 

-1-11O.3·0l 
21-IOII"l~"Zl (~I"'LI"I To.I.e) 

6.0b PIATf 8 o.4b 0.57 z .10 '3.0.5 

A -1 't). ~ . ()'1 
~"I-,o"q'l" (1(51,P."cH-Il,.I7) 
Pl.A n' 4D d.15 G,.oO Z. .50 S. tV 13.50 

~ '1 IV j .&4 
2'1-10 II" - 21 (llff'~N('t;-'j,) l:t(o I-J \'l.DN PAD O. I" 15.3(, IS. 3" 

LI4w.~ .05 
1..1. lOll,) - L'iL"H"AIi TD - '''.I 4f} 0.44 21.12- 1.1& G,,2.3 I~ ~ "·CO!' EI z.q .• 3 

..:j 410 _ 3 -0," J" "" "WT '12" ]ullNI'· 2A 4[; .,.015 ".12 .. () , 72. 

'141,).3.0', Sr('(L \3PlL o.<'OOD,,., STL 48 o.o~ 2.40 2..40 

4410 , ~ ,08 
2..77-IOI14-JO 

WAC Hf P ~b 0.05 4.8t> 4,~ 

,1,\) _ L aLl --':17"011'1 - 19 
Sr T scr-f~J 4& ". 11'1 4-. eo 4. a...o 

SUBTDT AL 48 B RAC\( ~T ASSf-.dBlI rt 
-~ - .. -~ .. ---- !1I7fD .~~ 

I , 

I 

I 
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hom 
No. 

1-110.1 

-14p.5" 
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i·11.1.1 
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.... ,'''' .. ~ PROJECT .2:-!!3..(~tf.t~.I1l1RiI...IltY~T;Jr 
JOB NO .. t:1t!.P..l:.l2-::1B. ..... _ ....... _ . 

COST ESTIMATE SUMMARY BEAC ENGINEERS ~tJ.i~. 

PREPARED BV 12..f. .. tllLmf!lft:. ......... CHECKED BV; •....•....••.••.••..••.• _ .••••.••• _ .••••••.•.•. DATE ~.::.!:.:!!..!.._... SHEET .•. ~ •••• OF .• 1..-..... -.. -.--._ ..... . 
t;. r 14 ~LIOS~ 1J 

~l4 /D Rff'L.fc1b~, (oNf)(1()E;J) 4.fm I. 
MATERIALS LABOR SUB·CONTRACT 

DESCRIPTION 
Ouantltv Tolla ~ TOTAL 
lie Unit Unit Price Amount 

Unit Total Total variable Unit Price Amount 
M.H. M.H. Dired DurJ"n 

M IScr:LLANEt1VS AsSfM8l,( FAb' re.tJetu (BR~r£1" A"~'( TO F ftAI1&" :) 

NvTS eOLT~ IUAsHflH \ SET - 9. 5.00 ~5.00 , 
ASSEMBLY LA fwR R~ 4 U·1. Rf"r 'lfCWR A SSYS 

44 10. ~.I Po$CTIc?N TeMfL..~n:s '0 fJf/II\S 4 °,'4 0.5", 4.48 4,48 

4410 5.2. lo"P FAcfTs ON FRAMf!S 12. '.2' 3.10 25. (b 25 t (,0 
(nJCL-vP"f1 MOVNTING. eR..1t~f1~ 

fO FA-cEr) 

4 '1KJ,5,~ CAuT FAceTS ,,-ND ToRqiVi 12.. ().oh7 1.'0 12. eo \2. eo 
l3 ~AC.t< E T Nv n 

~HIO.t;.+ REHOV~ TEHPL.A'ffC rN<,p;.cr 2- 6.3n O.4~7 15.33 5.33 
A~<t'f1BI.Y) rNSr1\L.L- 5J..ING. 
I( T()../tNC;F'f!« TO RT-I TRL-. 

44/0,5 51JBTl" 1\l RH ~ L H REJ ·lECYJR I )~.sfMB £1) ,,' 46.2 II 

TRA!1$rO~T RH zl LH RfrL€C 70J2~ TO PELJ f~rAL 

'llll~ . (., AV[jJ.AM? TPM:~I}n '~llJt.lf>U P , V 1'-1 IT o.? :3 0,3 ~ 2.'1 "2.t,7 
nNE. f"f) PO.IVEf:2Y(1.JUf: 
PEP. TIl-,P' 

fC. TOrtj 

! 

ASSfMBLl:. R»/:f LH Rt=fL PArH!l.5 I UNIT I. !l5 \. '35 12..40 '2.40 I 
TO GII-,\6AL' Of(IVE.. 1-.1 PfDPSTAL. , 

,; ALVf.,~ It I N& ~I\IO ~ f LOC'~ It roll- 'U~/T 1'l,()O '2." ~.17 23,7~ 
~ t-l rot: I I I H-:../ f" -'r ... ·\kt-I rs (S'fe 'to 

SU~17JJ AL R~HLI REf!: • PANELS INS-TAU ED '" ~B.I?J{, I Lt.·l VI' -s Ilf' [t 
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hom 
No. 

.:/41{) 

COST ESTIMATE SUMMARY IEIIImR BEAC ENGINEERS ~~. 
.... "'w.~,... 

PREPARED BY f2...c. .. !.llI.m!!ltr.......... CHECKED BY: •....... _ ....•..... _ ••.•......•..•..... _...... DATE1:.1.:~.~ ..... . 
Ravl~f/)' l-,-jl 

441!J RtFL f(TOP A5S''I1 I? H , L Hj 5UHMA-~\( 
MATERIALS LABOR 

PROJECT .7.::-::!..r[:£tr'.({ftdlJR.N&Y~T.lJr 
JOB NO .l1!?1?1.-.2.2=L1? .... _ ... _ .. _ . 

4 4-SHEET .•. _ ...... OF .•.... _ •.... _ .. _. __ • __ ... . 

~ <114 II£LltJS]JtT:$ 
4-4 m z. 

SUB·CONTRACT 

TOTAL 
Amount 

DESCRIPTION Quantltv ! ! ! Unit I Total !Tota, vr~t:l.-'fJ IUnit Price 
& Unit Unit Price Amount M.H. U U 

R» ¢ LH Rf F LEt: TOr<S AJs~-£;f1dL.ELt=~6--iNSTIl~~~jf~:;-1 ;;~~_~rAL 

S.LO 

12.4b 

2..3.70 

441 12124.37 



W 
N 

hcm 
No. 

-i ·f .'.'./ 

·HiJ.2 

'jLj20J 

""_ •• ''''M~''' 
COST ESTIMATE SUMMARY BEAC ENGINEERS StJ<G. 

PREPARED BV /?...r. .. !.!v.m!.~lt.r:: ......... CHECKED BV: •.•........•.•.........•....•....•. _ •........... DATE .3::::1.:.~.L. 

4420 .DRIve UN IT 
MATERIALS LABOR 

DESCRIPTION 
Quantity 
& Unit Unit Price Amount Unit Totil ,Total 

. M.H . M.H. Direct. I 

[)RIV f UNIT ASSfl1BLY ,AT CHf 

-H 20.1. I A%f"11 8LE eU-VAT"lClA/ 0"'"-1 , 0.08 o.otJ ~.'30 
TV ~ ,""IJT~ ATCMF 

4 42(.1· '.2 A5SEM1'3L( CE'Nf£R 'Wtl4t~ , tJ. fA 0.18 1.33 
TCIOE ""CJA~-£L. ASl.'IAT 
eMF 

I 

~4v. I.q OPffJl111ChAL C~lfltovr I <.".10 0.10 0.75 
ur IiSSfM au:o PRlvE. 

"'H2CJ.I.S- A~SFH6L'Y PAflfS f)~1 vr I SfT 11''3 0 ,.Q4 - I, E!a 1'3.73 
v Ii " (5EC AVNttRD UST 

44 2.0. , ;uBt 

Tt~It/'S POP-I/XNSThll DJU'VF UN IT I UNlr 

··1'12a.2.1 T({AfI~ f'oRT vlllv[ VU IT Td snr 
.t!420.2.£ 1I'AN~PORr Dr!IUF fJ/llr10PFP. (4 (,/11(; ALe; IDI<;F A ,c..tl .: • Alz J; fI"L-El DP fR}j.I5· tJST) .... 

0.17 0./7 I. '32-

A'17U.1."l. JI/' .. 7~1l. nfl~ IItIIT ON Pf:() 
L) ~u rl'V4' 
ri ~o .. S' ·IL ,.35 o. 2.~ 0.2b 2,08 

44 70.2 SUBT 

(Of./ ~()SIOH P RoTfC110t-, :f Rfwtt'{1< I UNIT 11.07 1.51 11.31 
(~;er::: A rrf\c. ttf P SHE fT 

L-----~- -----

2.1t12 C£. ~ 11. PROJECT .••.••........••.. N.4:.'l?AllR.N.dL.41t.&T,lJr 

JOB NO .. t.#!I?i..2.2-::1P ..... _ ........ _. 
SHEET .. .1.._ ... Of .•. ~ .••• _ •.•• _ •••• ___ •••. 

T(/_~.I 
Vllr I able 
Burd .... 

11 0'. friO 

'2.. ur) 

i. 50 

4&·O~ 

)TAL 

brnL 

~q.(,z 

1 

--- -

4> '1/4 #£LIOSlJ'ft:S 
4-11111. . 

SUO·CONTRACT 

TOTAL 
Unit Price Amount 

~ OI~tJ 

"3."" 

2.Z.S 

~ 

]p' 

l~4.45 - "101. ]2. 

-
~1~1, 53 

-

2.P.~ 2'-'. '30 

/.32.... 

2,06 

~:L4, ~D 

~to8.0) 

i 
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.~~~~~ c:/ ~, /& 

Ptt./f~ /ct-d- .::lu,;.~ . /43, 29 
~ { ~2 .L.o;,~L.."':;~J 
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4420,1. 5 a(.~t.'JM (tV ;-J ~'f-,.t4 . A~-/ , 

P.rt 
Part ~ncl.tur. !!!!!!!!! gu.nUty 8ollrollll 

~~ !//1~ 

total 
.... tertal 
. Co.t i 

Toa..l 
Pure ....... 

P.rt • 
Co.a. 

lUnd 
!.abor 
..£2!L 

V.rlabb 
Iul'deA 
~ 

p,,~e ~ of ~ 

'1 .... al 
Vartabb 
~ 

Brack.t.b. Cabb Wr.p 5311t~2-2" 1 MaIL.. 2.91.. • .'I'J~ • a.n- • 6.53* 
0'411,\ Ul1t1t2.2a E Rire!!!"'ijD 'e!8 
Retatnlne Rh"lIll-'mDi reh.... • 
Ser ... ·Cap II ... 114. 11\.20 lIIIO • 3/1t 5]11136-33 8 Purd •• H .2')6 .296 
....... r.n.t 1/1t 5)11t)6-)1I 19 Pu......... .1)27 .027 
.... I .. r-l.ocli 81'rlnc, 1/1t 5311t]6')5 19 hre..... .228 .228 
Ser.v.Cap II ... 114. 3/8-16 UHC • 7/8 5)11t]6-]6 10 l'uroh... .160 .360 
.... her.rht 3/8 5311136')7 18 Pureh... .029 .029 
...... n.Loj:II 8prl/lll 3/0 ~111t36-38 18 .. lire..... .321t .321t 
SCr ... ·C.p II ... 114. 1/0-16 UHC 5311t]6-)9 8 pllro..... .352 .152 
IIlIt.lI .. 1/8 - 1.6 we 5311t]6."0 8 Pureli... .IB1t .lfIIt 
1'1 .. " ... lIaaber, Ce4 Pl.le4 01"00 .. Pure .. a...oIt8 .0It8 
n..'ll!!)i. orlii20·16 ) _~!:!;!!!!!. ,5~ .2' 

'par...tu, fo ..... A.a ..... t 110. 2 11j'12A2 An;-- pllre..... .20 .20 
Scra .. ·Cap lie •• 114. 1/1t.20 talC • 1/0 531 .. 36..... b Purc:Ii....)OII .lOIt 
Scre"· .... eh. Pen 114. 110-)2 UN."5/& 531"]6-"5 16 Pllreb... .")2 •• 32 
.... bu.rlat 110 531"36.&.6 16 Pureb... .022 .022 
W .. bar-l.ocll Gprlllll '10 531"36-"7 16 Pureh....208 .208 
80ellet lid. Ber." '10.)2 w, II 1/" 5311t]6-1t8 2 Pureh....052 .052 
Scr ... ·Hacb. 1'&11 114. 'it-Ito UI«l II )/8 5)llt36-"9 .. l'IIrel",.. .010 .010 

I Wuh.r-nd ,It I 531"36-50 .. Purel/....oo6 .006 
1I •• her-l.oc .. , 61'rlllll ,It 5311t16-51" Pureh... .011" .011" 
·""t, lin. J .. 1/1t-28 IJIW-2B 531"36-52 1 Pureb....011 .011 
R .... lnlllll Rlne-llerylU ... Copper 500-18 C 2 Pllrch... .52 .52 
Sprll18 Co-.'re .. lon. Bt-Inlan Steel l£-oIt26-5 2 Pureh... .71t '. '/II 
/JuIIel 1"11 1/8 DI •• II 1 1/" 14&. 8.8. 531lt36-55 2 Pure......OIt .011 
Oro_t·Cabl. TI. TVO-31tH 2 Pur.:I1". .10 .10 
6e,." cap. II .. /ld 1/1t-20 UNCd 3/1t 531"36'51 1 Pureh... .018 .078 
Itllt·II ... 1I.t. 1/1t-20 UNC 531"]6-58 1 I'Urcll....o6 .06 
.... t-II ... J .. 3/1t-1.6 WI' 2B 531lt36-59 .. Pureh....6O .60 
Cor4 Orlp 2521 2 Pllreh... ].5~· ).52. 
Corol Orlp 2632 2 Pllreh... 5.00* ,.00_ 
II.U Err.et.-Olaltal Svltcla 5315516 2 Purell... 2.00 2.00 
Ber.v .... eh. 1' .... 114. , .. -Ito II l/It 5311t)6-63 2 Purell... .0118 .OIt8 
Wuh.r·Fht ,It 531"36-611 2 I'urehaaa .003 .001 
lIu"er·Locll SI!!I~ ,It 531"36-65 2 .. IIrell.... .oIt6. - .0it6 
Adapln·tne.:-l>iWWTrunnlon 51l1iliz.bl Ii ~t'N&k.r' iiI.Lo' O',i. 5:71--.... 1 28. n ':' 
Maptn-.. rtor ... .,. Counter, AI. 531 .... 2.02 1 ... _. .23* .11.·.1t8" .85* 
81 .... • .... t.or II..,. Coullt.r, All • In 531 .... 2.0] 2 Ha_. 1.22* 2.5'1* ".00* 12.19* 
Mapter-JtJt.or ..... Count.r, 11. 531,,111.011 1 ."-..2'J* .21t· .80* 1. ],,* 
Canr ....,Lor ... .,. Counter, AI. &1 5)1 .. 1t2-05 2 1 .. 11. .86* .73* 2.Y" ".I~_ 
""'"t-PC .... r4. Aa •• n. 531"1t2-06 2 Hak. • lit L 32 ".6] 6.0) 
Ie 1lou.·H·tr. , • ..,. Counter , All • n 511~1.2-07 2 Pureh... 22.00 22.00 
MJu.ter·PC "ant, AI •• 11. 531 .... 2-08 e Halta .1"· .3'.0 1.1~ 1 60* .... ne' 1I01"er· ... .,. Counter Az • In 511~1t2~ e Pureh... I 1'00 
"",Int, tero ... ,., AI. 5]1111,2-10 1 Nak. .n- - 1.03* ].60' ,:]1>* 
11014er, tero lie,., AI •• IU. ']1 .... 2-11 2 Hake .19* 1.2~* ".]Y* ,.81-
Ha&net Holder, Zero R.t. AI •• 11. 'n .... 2-12 2 Pure"",. " 60 , 60 
Il>unt, tero Ret., 11:1.' . ,nllle2-1) 1 Hak. .(,1*' \.I\(". 6.51* 8:98-
"r.cket Macnat lIol.t." Zero Ret. 11 531"'12-1" . 1 Hak. ."1* • GOo 2.3')1' ).50-
IIrecht .... net Holder, Zero lie,. A. 5311t"2-15 1 .Ie... .22* .~(I' 1.61* 2.2')* 
.. In·I1., RaerlllI '31 .... 2.16 2 ... k. 1.02 ... 6 1.58 1 06 
I'In-Il., Actuator Mount phot 531 .. 1t2-17 1 Ha... ."9 .22.79 1:'50 

T"t-alc;. 30.4}~5o.5""", 13.13/ -49.0<. ... -" I""J.2.CJ 
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L'l 4'20 DRIVE UN IT 
MATERIALS 

DESCRIPTION 
Quantity 
& Unit Unit Price Amount 

CrN7fR TVRQur -,ARK ASS'( 
4120.4.1 TORQvf TLIBE AS<;fHl;lV I 

I... A fOOR. 

it-! 20"1.2 lu1ltJU£ 'lUBE , ~ 32.0) 1~'32.OV 

-+")7,',4,3 EL.A/I1(,f, 6lJrl3oA~D 1- It? • 87 21.74 

442(.1.-1-4 po. 1) "'-fIE n. f?J N C:P. fL, AI?f1 2. 10, £:.1 21·7 .... 

44?O.4,5 
:; ;./147 

I '39.44 If-L/."'(iATION RRt1 A'!.SY -

d-! 2CI , 4 , {, G.AI VAN 12 IN" (INCL vO~1> ItJ 4420.'3 

4</2CJ.4.7 b? r r AIR tt. R E WOJ< K ( Tf\.IC lJPk.'() 1111 44 '20. ~ 

A=2IKUTH DR lvE AS~'I 3<158/ 
(foP QffAIL5 Sf R A-TI lAC ftJU) SHr=E ~) 

I ." 

r: LfVAnoN OR.IV£ ~S$Y 70,07 

(fOR nCYAtts Sf:: C AnA cf1ri D S HEfT') , 

LABOR 

Unit Total rota. 
M.H. M.H. Direct 

- 0.15 
r 
5.(' 3 

-- 0.50 

- 1·/5 
- t" r; 

- 0."17 3.40 
) 

I) 
442-6.4 

- - 3~,5'4 

- - Iq.O/ 

.TII T-"~ 
Vc.rlable 
Burden 

.)'11.25 

,,~ 

+.03 

..q·O '3 

\'Z.2 s 

SUfj If]}. 

12.8.Q, 

, 7.&2_ 

4> r /4- 1I£1ItJ.J'QI'IS 
4.fm L 

SUB·CONTRACT 

TOTAL 
Unit Price Amount 

1~1~.eB 

33.5'0 

25.77 

25'.77 

,c;s.I8 
-
-

fiL "57.10 

...... 17IID~ 732.4-3 

- 112..30 Z"'},Ol 
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W 
-..t 

"':j--l21 A2\MUTH 
Part "'-.. clal ... ·• 

1)\\\ \/ E 
I'.rt 

lI"",,,er 
h •• ......... [ Qu.ntlty Sourelnl 

.,l ... lIlh Urlvo ."""'ly 11-6511U-18 1 ~"''''17 
--ii:;;:;-';;;;-jj;;;;;llljl 79023" , I 1 ...... 

II. S. C~I' 80021jo 2 1 Hak. 
Ii. S. Cov.r 8002"1 1 1 Mak. 
It. S. Wora 660990 4 1 Pureh ... 
Ii. S. Shafi 8)023" ~ 1 Hake 
Ii. G. Wono U..... 900990 , 1 Pure" ... 
Ii G. IIhan. Gpacer-Short 8352]5 J 1 Mak. 
Ii Ii. Sh~fI. Spacer-Long 835236 • 1 'lak. 
II. 8. lI"01all>41 Iluahlng 83523" , 1 Malt. 
II. S. Cap UulL." 0151086 10 1 Pw-eh ••• 
Ii. S. Cuv ... Ga.ke&. 0151til1 II 1 Pureh ... 
t:nco.l ... sn.. Pall III',. (MIlC 31\22) 2030) IZ 1 Pure"." 
II. G. lIall lieadn, (!lie 20)", 20110 11 2 Pure ..... 
Ii. S. ball 1ie .... 1 .. & (HIlC 2065' 20201 U 1 I'ureh ••• 
Cplr .. lo& /tet.lnlng 11111& (Il:l1'-U) 10211 I' 1 Pureh .. . 
'·ru.rc Rehlnlng Rlna ("-5000-156) 10119' 'U 1 Pureh .. . 
Truarc Sup!,or&' Waah.r (5900-66) 10215 II 1 Pureh ••• 
II. S. liul (CR 66]0 CII\/ 1) 30112 ., 3 Pureh ••• 
II. S_ Seal (CR 6660 C/tW I' )0113 20 1 Pureh ... 
Ii. Ii. Sui (CD 11610 CDW 1) 3011" 21 .. Pureha •• 

'fatal 
Matarlel 
...£2!L 

$10.58 
.795 

2.58 

1.091 

.Ol9 

.039 

.197 

Al •• lh .lrcue t'Utlng (168 .. B) 131106 l1- 1 Purehas. 
'\iAu 926610 n - --1 Hak.--. --- 93.15' 
Co.., I' 926220 24 1 Hak. 61 ... 8· 
I'loud ':car 9161100 n ) ''''". 30.12 
I'hnetar, Fr... 936)10 2' 1 '48lto 36.85 "r .... r' RIIII! Geu 9]6110 2J 1 ..... k. 58.I)~ * 
:iecolI.1u, III ng Gear 93610"0 aa 1 ."'11. 36. 6ft 

Tuhl 
Purela ••• 4 

p.rt, 
co.t 

$19.106 

11.18 

.0106 

.025 
].6] 
5.38 
".02 

.020 

.em 

.069 
1.96 

.11 
].12 

.691 

~'rlcll"', Dlnl! <)26]60 29 6 Halto .2)6 
II. S. Plnlu" 936060 )0 1 I"'rehu. 16.26 
Ju .. ",al Pin <)26]61 11 ) Hak. .]06 
, .... 'lulL.t 926911 11 1 I'ureh... ""], 
e .... r G~.lLe" 926910 14 1 Pureh... ""] 
haU-Loa<J 92691" lS 66 I'un:h... 2.97 
b.1l :i .. &eer 926915 U 66 I'ureh... 2.91 
Uall /t"t"lnlll& bolL 926913 1J 1 Malle .110 
Tord"lllun Hc ... l. Boarlna(UJlOI812' 201010 11 6 Purch... 15.]0 
I""'~n"l 176 )9 1 l'IIreh.... .123 
Iluwtr ·u· HI"" (Ho. 200-908) ~l'IO 40 1 I'ureh... .020 
cIa Aalal ClaO\' I1/Ir."o. 52~]6] ]0111 II 41 1 i'lirch... 61).]16 

1:65 
1.2" 

3.73 1].01 

.29 1.02 

.30 1.010 

.31 1.28 

To"al 
Variable 
-.£2!L 
$l".}] 
2].21 
'.2U 
8.11 

19 ... 6 
17.891 
11.18 

1.3119 
1·319 
1::1 

.orH 
).6] 
,.38 
".02 

.026 

.012 

.06<} 
1.9Q 
.71 

).12 

---:--::or--r---:c ~ i.01 3. 91;96 0 -

"76 6. lit 71.]8-
".86 11.01 51.en .n 2.~ ~.l) 
3.03 10.60 n.21* 
2.9') 10."7 50.10 

.11 1.10 1.6106 
16.1!8 

1.12 3.9] 5.]56 

.15 .51 

1."] .... ] 
2,910 
2.910 

.80 
15.30 

.12] 

.028 
69.]1* 

_ll1SL.!...l.J11!!r~Lf!1!. lQlll ___ , '--_41_____ .12 ____ t!!!.c{!!!! .61" 
1/"-.-2u • .'/5 I~. Hn. Uo1. BoU 11102 U Ii Pure"", .1~7--- -----~ 
1/" • 2\l. 1 ]/8 II ... 114. bolL 11'10] 44 .. l'ul·C..... .151 

- -,--- .81" 
-;i~'i 

1/6 • 16 • 1.15 14. U ... H4. BoU 111103 u "I'ureh... .116 

1/2 - 1) • 2 .... II ... 114. BoU 1232] U It Pureha •• 
1/'1" - 1) • 1 1/2 Ie. II ... 1Ie1. Bolt 11786 41 18 Pureh ... 
1/~ • 20 • 5/8 Ie. II ... lIeI. Bolt 11101 U 2 Pureh ... 
1/8 • 1/6 • JIll Plnlon r..)' 15008 49 1 Pure"". 
1/" • 1/11 I 5/8 Oo.r Key 15231 50 1 Pureh .. . 
]/0 Pipe 1'1... 1111a ~I 1 Pureh .. . 
1/6 Pipe PI... 111010 52 J Pureh .. . 
1/1t Lockv .. har 1321) 53 1" Pureh .. . 
1/8 Lockv .... U 132]0 ~ .. Pureha •• 
1/2 1.oc1L .... h.r 13250 " 30 Pureh ... 
( ... 050 l.a •• Jor CuupUna . lOOOJO 56 1 Pureha •• 
..,lor Mapler (U •• 65UIjo-18 Ilet.7) 605000 5J 1 Hak. 
1/1t - 20 • 3/" 14. 800. 1Ie1. Ocr.... 122102 51 .. Pure"." 
1/6 • 1/8 • 1/2 Coupll ... K., 15009 " 1 Purch ... 
1/" PI pe PI... 11122 60 2 Pure"", 
1/2 - 11 • ] 3/1t Ie. U ... 114. Bolto lln6 ., 12 l'ureb .. . 
Opecu 8]5231 U .. Pureh .. . 
8pe.cu 8]5238 U 12 l'ureh .. . 

• 5.13 

$ .312 
1.152 

.022 

.023 

.031 

.0)5 

.12 

.11 

.06 

."8 
""0 

.1011 

.0]1i 

.12 
1.6)2 

.68 
2.88 

$ - • 

1.11 5.00 

.151' 

.116. 

• .312 
1.152 

.022 

.021 

.Oll 

.035 

.12 

.11 

.06 

... 8 
1.100 

11.611 
.1010 
.03" 
.12 

1.6]2 
.68 

2.88 

_01l1li" ""'lIln. 5]11"6 1 ~\ah 5-5.20 _ 1.]') ..... ~r 
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4422 ~ lE VA170N DRH)f..._-,. 
Tot.1 

, t'otal Pu.eh •••• Dlr.et V.rlabl. Total ~ Part It •• 1!aterlal ' P.rt, Lahar Ilurtlen V,rll,bl. 
p ... t ""'!!c:h\1P'II "wobe[ "u.ber Quantlb ~ ~ ~- ..!l!!!.L -.£!!!L ~ ~ -------_ .. 

G 
'-

~12lL!r'!. A··tWblX DUliioO-11 1 A .. , ... I,. I".), ~ f0 
lou I.,. 065UliG-aa I I ...... 11.96 ".01 I~- .m ~ AUae"'. lioull.,. c-6,nlto.i!6 2 1 ...... 6·m 2.22 .,.78 16.90 

AUachooe. llou.lnl Co •• r ~?j~ 
) 1 ... k. • .011 .07 .2~ • 'I0Il 

H. 8. Cap Cl0 ••• 10 1 "' ... .3' .)8 1.3 2.07 

8. 8. Co •• r • ~ print B-6,nlto-20 S 1 Hake ].02 .85 2.97 .,.611 In 
H. 8. Cap A-'5!l1to-", 6 1 Hak. .))" .75 2.61 ],(,q" 

Nat.or Adai'tar 19U 
, 1 ...... ,.1) l.n 5.00 I1.B' r-

•• 8. 8hart B-6511""-23 • 1 ... ". ]6.]8 2.79 9.77 ~.9't !1'\ 
A-6511"0.21 9 1 Mek. .070 .)0 1.05 ""a S. B. spacer C 

•• 8. Bbaft " .. lin A-6511 .. 0' .... 10 1 Mak • .01" .a" .1\6 1.1]" 
8. 8. T"okln Cone (110 •. "3125) t 203<iJ II 1 Pure h ••• ].17" ).T/" :t=') I. 8 '1~ln Cup (No. "3312) 20509 12 1 Pllfch ... 1.71" 1.71~ 

I. S. 'hok'n eon. (~. 27081) 20310 U 1 Pureh ... 3.06') ).0(>9 

8. I. T'''''n Cup ~"o. 278201 20077 '10 1 Pureh ... 1.621 1.621 -C) 
Jnt. T''''ln Cone No. 05062 )l70 IS 2' Pureha •• 3.M6 3.6B6 Z. 
Int. TI ... ln Cup ("0, 011185) 3371 16 2 Pure II ... 1.7 .... 1.7,,1. 

n. I. 'I""n Co .... ("0, A6062) lll6 17 2 Pureha •• ".166 ".lIi8 I 

n. 8. TI ... ln Cup (110. A6151) ))37 II 2 l'I.rch ••• 1.)12 .1 1.712 Q 
I. I. Cover nuk.t A-65UIto-21t 19 1 l'I.rch ... .0"5 .0115 ;;0 
latar O •• k.t ,,1.01 20 2 Pureh .... .022 .022 
n. I. Cap O •• kat "370 21 2 Pureh ... .016 .016 
AU,c",nt llau.lI .. Oa.k.t 5521 U 1 I'llrellu, .022 .022 C 
H. 8. Bo,l Oarlock 61 • 51 3301 n .. Pllreh ... ).01. ].011 rn - 8. S. S.,l cll 1"939 enwAI 30026 24 2 Pureh ••• 1.78 1.71\ 

W 8. I. B.al IRel0.ur. C"I' 8-65111iG-.. 7 n 1 Pureha •• 12.000 la.oct' 
QD 

~on DrlY. Power CIU9 52200 26 I Purcba •• .. $ .76' , . , - , .76* 
Upper stop Collar A-65Ua.o.. .. 3 27 1 Mak. ·957 .]2 1.11 ' 2.367 
Lover stop Collar A-65111tO-1t8 2. 1 Make ].131, 1.81 6.51 11.511 
Ela •• Actuator lu\ B-65uliG-lta It I Pureh ... 11.QI) 17.09 
3-16 • 3/16 • 1 II ••• O.ar ke, 10000 10 1 Pureha •• .065 .065 
3/8 • 3/8 • 1 I/~ 8. 8. Oe ... l., 151t2o 11 1 Pureha •• :~ .096 
3/6 ... 1 Bplrol Pin 10500 U 1 Pureha •• - .0)6 
1/6 8q. n4. Pipe plUi 112U 14 " l'ureh ... .1 .... .1 .... 
1/" Sq. 114. Pipe pIUI 11212 lS 3 Pureh ... .20) .203 
Splron Pin 1/8 • 1 10520 II 2 Pureha •• .012 .012 
3/8 Sv. n.4 Pipe pI~ 1121] 16 1 Pureh ... .070 .070 
Al •• lt. ~80. 1610-81 1]101 11 1 Pureh ... .1'}6 .196 
Al •• It. ~. 1625) 131011 I. 1 Purt .. • 

.618 .616 
LoyaJor CoupUna (110. L-070) 100031 It 1 'Pur h ... ].75 ].75 
1/8 • 1/8 x 3/1t Collp1l.,. ke, • 15008 40 1 Pure" ... . OJ:; I .035 
1/" - 20 • 5/8 Ie. n ... 114. Bo1\ 1 1167" 41 8 Pureh ••• .060 .0li0 
1/" • 20 • 7/8 14. II ... lid. Bolt 11611 U .. Pureh ... .150 .\50 
1/" • 20 • 1 ~. II ••• 114. Bolt 11615 U 8 Purch ... .315 .315 
1/" - 20 • 1 .. 14. 8oa. 114. Cap 

Oe ... " 11816 410 .. Pureh ... .1011 .1011 U) 
l/B - 16 • 1 .,. II ... 114. Bolt UOl1 loS 6 Pureh ... .2"0 .2"0 
,/" - 16 • 1 1 2 Le. .,lock He •• '+ 

..... Bo1\ 1162 .. '" 1 Pureha •• .063 .06) "1 
1/\ - 16 • 2 'e . .,lock , .... "4. 

IIoU 11817 u 1 Pureh ... .05" .05" \-1 
l/It Lockw .. her 133)6 ... 20 Pureh ... .2" .210 
1/8 l.ock .... her 11111 lot 6 Pureh ... .096 • OJ)/) () 
H ••• lion C-651148-19-1) . 50 1 Pureha •• 17.Gl 17.Gl 
II. 8. Wona 0. ... 6511a.o..~ SI 1 Pureha .. 8.32 6.32 -r:. 
I. 8. lion 651l1io- 1 52 1 Pureh ... 1].10 13.10 \-'~ 

I 8. 1.0.. ... __ ~~l!"()-~_ n 1 Pure" ••• 9.96 9.96 
~~-~--~-

roTAlS 11 70,07 :1 112 •30 -".01 1# b7.4#) ~"').OI 
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Table Y-l. Summary of costs at 25,000 and 67,500 per Year Rates 

Approximate Unit Cost at 
Item 

25,000 

Variable Costs 
Equip. Rental 8.64 
Subsys. Var. Costs 5,892.87 
Warranty Serv. 10.61 
Power/Utilities 6.95 
Economic Profit 307.15 

TOTAL VARIABLE COSTS $6,226.22 

FIXED COSTS 
CMF Design, Strup, etc. S 
Deprec i at i on 

92.87 
338.67 
92.49 

0.72 
2.94 

11.48 
14.00 
4.00 

Taxes 
Sab Design 
Sab Equip. Depreciation 
Site Activat./Ownstrm 
Insurance 
Design Change Admin. 
Gen. & Admin. Overhead 

TOTAL FIXED COSTS 

TOTAL COST 

100.93 

$ 657.65 

$6,883.87 

Remarks 

5 sites/yr 

1 shft only 
Assume 10th yr 

260,000 Total Prod. 
260,000 Total Prod. 

Per unit/yr 
260,000 Total Prod. 
260,000 Total Prod. 

5 sites/yr 

182 

Production Rate of 

67,500 Remarks 

8.32 13 sites/yr 
5,892.87 

9.82 
9.48 3 shifts 

113.76 Assume 10th year 

$6,034.25 

S 34.74 695,000 Total Prod. 

S 126.70 695,000 Total Prod. 
34.26 Per unit/yr 
0.27 695,000 Total Prod. 
1.10 695,000 Total Prod, 

11 .05 13 sites/yr 
10.81 
2.59 

97.20 

318.72 

$6,352.97 

$ 144/m2 
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