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Executive Summary 
The limited supply and environmental impact of fossil fuels has become an urgent problem. The 

solution is to develop clean, renewable energy sources. Unfortunately, most alternative energy 

sources are unviable because they cannot compete economically with fossil fuels. One such 

alternative energy source is a heliostat array, which is traditionally cost-prohibitive. A team of 

students from New Mexico Tech (NMT) is attempting to design a heliostat that is at least as cost-

efficient as fossil fuels.  

The Reduced-Cost Heliostat Project is an ongoing Junior/Senior Design Clinic project for NMT’s 

Department of Mechanical Engineering. Team members have proposed to innovate existing 

heliostat technology to create a more cost-effective and mobile design. This design will take 

advantage of the clean energy nature of heliostats and make them economically competitive with 

fossil fuels.  

A heliostat is a mirror mounted on actuators that is used to reflect and concentrate solar energy. 

Heliostats are typically mounted on concrete support pedestals sunk into the ground. A field of 

multiple heliostats focusing light on a central point is known as a heliostat array. Conventional 

heliostats cannot compete economically with fossil fuels due to the cost of the support pedestal, the 

mirror, and the mechanics required to drive the unit’s actuators. 

The NMT team has devised an innovative “liquid-ballast” heliostat design, which reduces the cost of 

the drive mechanics, utilizes an inexpensive mirror design, and completely eliminates the support 

pedestal. The design features a stretched-membrane mirror mounted on a two-axis frame composed 

of steel I-beams. Ballast tanks mounted to the underside of the mirror allow a gravitational moment 

to be applied in any desired orientation by pumping water into the tanks. A break system accurately 

holds the mirror in place when necessary, while a sun-tracking system allows the sun’s rays to be 

focused at a specific point throughout the day.   

While the team has received funding and support in the past from sponsors such as the 

Environmental Protection Agency and Sandia National Labs (SNL), the project requires more 

funding to follow its Proposed Program for the next two years. In the first year, the NMT team 

plans to complete the heliostat sensor and control methodology for its existing full-scale prototype, 

and then test the heliostat in order to refine the design for future prototypes. In the second year, the 

team plans to further update the sensor and control methodology, while continuing to refine the 

prototype design. They also plan to build and test a solar collector (or power tower), with an eye 

toward one day completing and testing a full reduced-cost heliostat array. 

As the team continues to develop this alternate energy source and the means to make it cost-

effective, they have realized the need for new external funding. This proposal includes a budget for 

the project’s needs for the next two years, including funding for the purchase of component parts 

and their fabrication, as well as for hiring graduate students to assist with the project. 

The Reduced-Cost Heliostat Project emphasizes hands-on learning experiences and cutting edge 

research. The team is working with experts from NMT and SNL while both getting valuable real-

world experience and contributing to the reduction of the world’s reliance on fossil fuels. 
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Introduction 
According to the U.S. Department of Energy, fossil fuels provide more than 85% of the energy 

consumed in the United States – including more than two thirds of the country’s electricity[1]. The 

rapidly growing global demand for energy brings forth concerns about dwindling reserves of fossil 

fuels and the environmental consequences of burning them. Because of these concerns, the 

development of clean, renewable energy sources has become imperative. The problem with 

alternative energy technologies is that they must be at least as cost-effective as fossil fuels in order to 

compete with them as a viable energy source. 

One alternative energy source is the sun. Unfortunately the most well-known method of collecting 

solar energy, photovoltaic cells, is only about 15% efficient when converting collected sunlight into 

energy[2]. Also, manufacturing photovoltaic cells requires the use of environmentally-damaging 

chemicals – rendering this technology anything but “clean.” 

However, there is an alternative way of gathering solar energy, known as a heliostat. At its simplest, 

a heliostat is a mirror mounted on actuators that is used to reflect and concentrate solar energy. A 

field of multiple heliostats focusing light on a central point is known as a heliostat array. This energy 

is then used to heat a substance or drive a power cycle. This method of collecting solar energy is 

roughly 90% efficient. Additionally, heliostats are composed primarily of recyclable materials. 

Existing heliostats are cost-prohibitive in nature due to the cost of the mirrors, the cost of installing 

a single semi-permanent heliostat unit, and the cost of the mechanics required to drive the unit’s 

actuators. As of 2006, an estimated cost per heliostat was $126 per 10.7639 square feet of reflective 

area[3]. In order for heliostat technology to compete with fossil fuels economically, the cost must be 

reduced to $80 per 10.7639 square feet of reflective area. 

Heliostats fail as an alternative energy source because they cannot compete in the global energy 

market despite their high level of efficiency and cleanliness. In order to solve this problem, a team 

from the Mechanical Engineering Department at New Mexico Tech (NMT) has been designing and 

fabricating a new type of heliostat that is much more cost-effective and mobile than the current 

heliostat designs. The purpose of this proposal is to request additional funding in order to complete 

this project. 

This proposal will include background information about heliostats and why they are an effective 

source of alternative energy. It will also discuss what the heliostat team has completed thus far in the 

project, as well as future plans for the project if the necessary funding is obtained. Following that 

will be information about NMT and its Mechanical Engineering program and faculty, and 

information about previous funding and support for the project. Also included in this proposal are 

the proposed two-year budget and benefits of the Reduced-Cost Heliostat Project. Finally, a list of 

references used, a list of terms and acronyms, and other supplemental material can be found at the 

end of the document. 

Heliostat Background 
A heliostat consists of a large mirror and the mechanisms and circuitry necessary to control it, such 

that the heliostat tracks the sun and reflects the light onto a given target throughout the day. A 
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heliostat array is a collection of these heliostats used to focus sunlight continuously on a central 

receptor—often called a power tower. In the context of generating power, a heliostat array is usually 

defined as fifty or more mirrors with total a reflective area of at least 1076.39 square feet. The 

heliostat concept is by no means new, but only in recent years has the growing threat of a global 

energy crisis sparked enough interest in renewable energy sources to spur heliostat development to 

the point of usefulness. 

Concentrated sunlight striking a non-reflective target generates a tremendous amount of heat, which 

can be used directly or employed to drive a power cycle. Current heliostat arrays use the energy of 

focused sunlight to heat a circulating fluid, usually molten sodium nitrate. The fluid is cycled through 

a conventional power block to generate electricity using the same boiler and steam-turbine 

technologies employed in traditional fossil fuel and nuclear power plants. The extreme heat 

generated in this manner may also be used for other purposes, such as waste incineration. 

The U.S. is currently home to two government-funded heliostat research facilities. One of these 

facilities is located at Sandia National Labs (SNL) near Albuquerque, New Mexico. The other facility 

is Solar-1, located in California, which is shown in Figure 1.These government facilities are primarily 

used for experiments involving electricity production, industrial processes requiring high 

temperatures, and waste disposal. Only one other significant heliostat array exists worldwide, and it 

is being used for power generation. 

 
Figure 1: Solar-1, a heliostat array located in California [4] 

Heliostat arrays offer a number of advantages from the clean and renewable energy standpoint. First 

of all, they can transform as much as 90% of solar energy received into heat. In contrast, 

conventional photovoltaic cells operate at a maximum efficiency of about 15%. Heliostat arrays 
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generate heat that can be used to run boilers and drive steam-turbine power cycles. This improves 

the efficiency and feasibility of the system by allowing it to take advantage of the well-developed 

boiler and turbine technologies already in use by fossil fuel and nuclear power plants around the 

world. 

When all stages of implementation are considered, from manufacture to disposal, heliostats are 

among the cleanest energy sources available. Heliostats are primarily composed of steel and glass, 

both of which are readily recyclable. Neither steel nor glass is considered particularly hazardous to 

human health or the environment. In contrast, the manufacture of photovoltaic cells requires 

chemicals whose lethal concentration in air is on the order of parts per billion. It is not a problem 

when only a few small solar panels are being utilized to power things such as roadside signs and 

electronic calculators, but manufacturing enough solar panels to supply the world’s energy demands 

may be hazardous to both mankind and the environment. 

Finally, heliostat arrays do not suffer from the ongoing natural degradation that plagues selenium-

based solar panels. They offer a comparatively long service life, minimizing the frequency of 

manufacturing new heliostats and disposing of old ones.  

Because heliostats are not a new technology, there have been various designs built over time, which 

come in many shapes and sizes and are comprised of many different systems. As a result, it is 

standard to normalize costs of different models by comparing them on the basis of cost per 10.7639 

square feet of mirror surface. This type of analysis compares component costs for annual 

production figures of 5,000-50,000 units per year. 

Unfortunately, conventional heliostats are too expensive to effectively compete in the global energy 

market. Currently, the most cost-effective designs presented for conventional heliostat arrays are 

approximately $130 per 10.7639 square feet of reflective surface. If the cost of a conventional 

heliostat could be cut in half, the cost per unit heat produced would be the same for heliostats as it is 

for natural gas. It is estimated that even at as much as $80 per 10.7639 square feet, heliostats would 

be able to effectively compete in the clean energy marketplace. 

In a conventional heliostat system, the mirror is actuated by a two-axis servomotor drive system 

mounted on a concrete pedestal. The motor drive system requires large gear reduction in order to 

position the mirror with sufficient accuracy and rigidity, with the consequence that this gear-based 

drive system is by far the single most expensive component of the heliostat (~$5,000 - $7,000, 

depending on size). Drawings of a conventional heliostat are shown in Figure 2. 
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Figure 2: Two views of a conventional heliostat; note the two-axis drive system near the center of the right 

frame 

Second only to the drive system, installation costs are also significant. To provide a rigid base for the 

gear drive system, a concrete pedestal is sunk deep into the ground, preferably all the way to 

bedrock. As a result, the on-site drilling and pouring of the pedestals` is a significant expense in the 

construction of an array of conventional heliostats. Also, these heliostats are nearly permanent and 

expensive to remove and transport. 

The mirror itself, while not the most expensive part of the system, is nonetheless a significant factor 

in the cost of the design. Ideally, heliostats are constructed using mirrors with a slight parabolic 

curvature tuned to focus sunlight down to a fine point at a precise distance from the heliostat. 

Usually the sunlight is focused on a central target, typically referred to as a power tower, where the 

heat is collected. This curvature allows for greater concentration of solar energy at the power tower 

by reducing the area over which the reflected sunlight is spread. The reduction in area also allows 

the light receptor to be smaller, reducing tower costs. However, manufacturing a parabolic mirror is 

much more expensive than manufacturing a flat one, and a mirror rigid enough to hold a parabolic 

shape and large enough to be used for a heliostat is extremely heavy. 

The heliostat industry overcame this problem with the invention of the stretched-membrane facet. A 

stretched-membrane facet consists of a rigid steel I-beam rolled into a ring with thin (~0.003in.) 

stainless steel sheets stretched taught over both its faces. When a vacuum is drawn on the interior of 

the ring, the stretched steel membranes bow inward, creating a parabolic surface whose degree of 

curvature is proportional to the vacuum pressure. If a reflective surface is applied to one side of the 

stretched-membrane facet, the result is a large, relatively light parabolic mirror whose focal length 

can be adjusted as needed. These stretched-membrane mirrors are much more versatile than 

conventional mirrors and are ideal for use in a low-cost heliostat.  

While providing a step in the right direction, the use of stretched-membrane mirrors was not enough 

to make heliostat technology economically viable. The Reduced-Cost Heliostat Design Team at 

NMT has set out to reduce other significant costs of the system: the drive system and pedestal base. 
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Project History 
The Reduced-Cost Heliostat Project is a NMT Mechanical Engineering Senior and Junior Design 

Clinic project that began in the fall semester of 2005. Teams of Mechanical Engineering students 

have been working on the project continuously since its inception under the supervision of NMT 

Mechanical Engineering professor Dr. Warren Ostergren (Dr. Ostergren’s CV can be found in 

Appendix A: Dr. Warren Ostergren’s CV). Also assisting the students is a team of professionals and 

experts from SNL, the project’s intellectual sponsor. 

The project began as an agreement between NMT and SNL to develop unconditional methods of 

cost reduction for heliostats. Juniors and seniors from the NMT Mechanical Engineering 

Department were then given the option of taking on the project for their Senior and Junior Design 

Clinics. NMT agreed to provide student work on the project at no cost to the university, and SNL 

agreed to provide the team intellectual support. 

Fall 2005 – Spring 2006  

During the Fall 2005 semester, as a first step in the design process, the NMT team worked with the 

SNL team to invent a set of system specifications, based on SNL’s own heliostat specifications. 

These specifications were implemented to ensure that NMT’s heliostat is as efficient and as safe as 

contemporary heliostats, such as those used by SNL. A table of these specifications can be found in 

Appendix B: Heliostat Specifications. 

Also during the 2005-2006 academic year, the NMT team devised an innovative plan to eliminate 

both the gear-based drive system and the support pedestal. The design, illustrated in Figure 3, 

consisted of a free-standing hemisphere with the flat surface mounted to the mirror. Inside the 

hemisphere would be a system of pumps and ballast tanks which would allow the hemisphere’s 

center of gravity to be precisely controlled, giving it the ability to roll to any desired orientation. The 

team constructed a small-scale model of this design and succeeded in making it track the sun.  

                          
Figure 3: NMT Mechanical Engineering student and the hemisphere design 

Unfortunately, the team was unable to design a control algorithm capable of causing the hemisphere 

to reflect sunlight onto a stationary target continuously throughout the day. Moreover, it became 

apparent that as the hemisphere was scaled up to the range of existing heliostats, these control 
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problems would be compounded by wind, uneven terrain, and elastic deformation of the 

hemisphere.  

Structural concerns also surfaced. The small-scale model hemisphere had been made of fiberglass 

and the team originally thought that a full-scale hemisphere could be created by stretching tent 

canvas over a frame and pressurizing the interior sufficiently to make the fabric hold its shape. It 

soon became apparent from analysis and modeling that astronomical pressure would be required for 

a full-scale hemisphere to maintain its shape. In light of these problems, the hemisphere design was 

discontinued at the beginning of the 2006-2007 academic year. 

Fall 2006 – Spring 2007 

Although the hemisphere design was abandoned, the liquid-ballast actuation system still offered an 

inexpensive alternative to conventional gear-drive actuation and merited further development. It was 

during the 2006-2007 academic year that the team developed this system into a working design. 

During the Fall 2006 semester, the team used the COSMOS software package to run simulated wind 

loading and stress tests to help them choose fabrication materials and structure design.  

Based on the wind loading tests and price quotations from available steel suppliers, the team 

determined that W8x18 I-beam stock would be the most appropriate material for the structural rings 

and base frame of the heliostat prototype. More information about these wind loading tests is 

available in Appendix C: Wind Loading Assessment. 

The team developed the heliostat design, an inner octagonal ring and a square outer ring, using the 

data from the stress testing. The team chose the octagonal inner ring to ensure adequate support of 

the mirror, to maximize the number of contact points between the mirror facet and the inner ring, 

and to keep construction feasible with the tools available. The team also considered an octagonal 

frame for the outer ring; however a simple square proved much more capable of bearing the 

expected loads. More information about these stress tests is available in Appendix D: Stress Analysis  

With a $10,000 grant from the Environmental Protection Agency (EPA) for competing in the 

People, Prosperity, and the Planet Student Design Competition for Sustainability (P3), the team 

began construction of a small-scale heliostat model equipped with a liquid-ballast actuation system. 

This new heliostat design, shown in Figure 4, featured a steel frame supporting a 10-foot-diameter 

stretched-membrane mirror facet on two axes of rotation. The design also featured ballast tanks 

mounted to the underside of the mirror, allowing a gravitational moment to be applied in any 

desired orientation.  
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Figure 4: Conceptual drawings of the liquid-ballast actuated steel-frame heliostat design 

To increase the accuracy and stability of the positioning system and simplify the control scheme, the 

design required that each axis be fitted with brakes used to lock either axis in place. The design 

allowed for removal of the pedestal by having the heliostat anchored to the ground either by its own 

weight (augmented by a trough full of dirt, if necessary, as shown in Figure 4) or cables staked into 

the ground. The design required minimal on-site construction, reducing construction costs 

compared to those of the conventional pedestal design. 

The Spring 2007 semester marked the beginning of prototype construction. Tasks completed during 

this semester included I-beam fabrication, axle and bearing machining and fabrication, and brake 

system design. Due to time constraints, the team only managed to build a full-sized proof-of-

concept prototype fitted with a single axis of rotation. The proof-of-concept was left under manual 

control with no circuitry for automated motion installed. 

Fall 2007 – Spring 2008 

The prototype remained as a single axis proof-of-concept until the Fall 2007 semester. Production 

stalled during this period due to complications with pricing schedules, problems with mirror 

specifications, and gaps in student knowledge. Despite these delays, construction of the prototype 

resumed with the fabrication of the outer rectangular ring. Additionally, the team extended the 

prototype base in order to fit both the inner and outer rings. Along with the extending the base, the 

teams reconfigured the tanks and intake nozzles to fit the new design. In addition, pillow-blocks and 

the second set of axles were fabricated, and the brake system redesigned.  

Fabrication continued into the spring semester of 2008. Construction progress included creation of 

fixtures for the brake system and mirror, as well as completion of the functional heliostat frame. The 

team mounted and tested the mirror and the brake system; tanks for the liquid-ballast system were 

also mounted, but not tested. Additionally, the entire prototype was sanded, primed, and painted to 

avoid possible rust buildup. The completed heliostat frame with mounted mirror can be seen in 

Figure 5. 
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Figure 5: Completed heliostat frame with mounted mirror 

Also during the Spring 2008 semester,  the team began the initial steps of controls integration. A 

controls system was purchased and coding for these controls was started. Unfortunately, the team 

was unable to complete a control algorithm before the end of the semester.  

For more information about the component systems of the heliostat prototype, including 

information about the controls system, please see Appendix E: Heliostat Prototype Systems. 

The team also began the process of obtaining a patent during this semester. As of this writing, the 

team has had their paperwork reviewed by the NMT legal department, contacted a patent attorney, 

and submitted rebuttals defending the uniqueness of the Reduced-Cost Heliostat versus eight other 

similar designs. The other designs are primarily passive sun tracking systems with no automated 

control. 

Fall 2008 

As of this writing, the NMT team has proposed to complete the heliostat prototype, including 

installing the pump control hardware, as well as completing the drive and control algorithms with 

the assistance of a former team member. The team also wishes to begin the next phase of the 

project, which includes testing the prototype and using the results to refine the design of future 

prototypes, with an eye toward one day building and testing a full heliostat array. 
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Proposed Program 
The following plan is for two years spanning from the Spring 2009 semester through the Fall 2010 

semester. Gantt charts for the first and second years can be found in Appendix F: First Year 

Tentative Schedule and Appendix G: Second Year Tentative Schedule, respectively. 

First Year 

Designing the Heliostat Sensor and Control Methodology 

In order to improve the control and sensor systems for future heliostat designs, the team will 

thoroughly examine the initial prototype. The team will conduct a formal review of performance and 

cost of the original controls and sensor setup. Upon completion of the review, they will search for 

existing controls and sensor products that will refine and improve the system. Once any suitable 

products have been identified, the team will purchase a new controls and sensor system.  

Along with the redesign of the controls system, the team will begin any necessary modifications to 

the controls algorithms. Similar to the redesign of the physical system, these modifications will begin 

with a review of previous work and identification of areas that need to be refined for the heliostat to 

function more efficiently. 

Designing the Structure 

The physical structure of the heliostat will be modified in a process similar to that performed for the 

controls system. The initial design stages will consist of the team reviewing the original prototype 

and searching for areas of improvement. Once these areas are located, a refined design process can 

be started. The team will create several preliminary designs and then compare these designs using a 

quality function deployment (QFD), a process to translate customer requirements into design 

requirements.  

This comparison will help the team generate a single improved design that they can later develop 

into a physical prototype. To assure the quality of this design, the team will use a number of analysis 

techniques to ensure quality before any fabrication begins. This analysis will include methods 

including finite element analysis (FEA)—a numerical technique for finding approximate solutions of 

partial differential equations and integral equations—and theoretical calculations. These analyses will 

reveal any portions of the design that need further modification.  

The next step will be to implement these elements into the design. Once the design has reached its 

final stages, the team will begin to order initial components and materials and fabricate the 

prototype. 

Testing the Components 

Once all of the physical components have been acquired and fabricated, the team will develop test 

procedures to ensure that all components are functioning properly. This series of small-scale tests 

will assess controls and sensors hardware as well as structural hardware. In addition to small-scale 

testing, full-scale testing will occur once the prototype has been fully fabricated and assembled.  
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Designing Solar Energy Collection Device 

The heliostat team will create a target on which to focus the heliostat, which will record thermal and 

optical radiation collected. The target will aid in testing the heliostat’s ability to track the sun 

throughout the day. To design the target, the team will need to research solar collectors used in 

currently existing heliostat arrays. The team can then utilize these examples to create several 

preliminary designs. The team will utilize a QFD to select one particular design to develop further. 

To ensure stability, mathematical analysis methods will be run on the system. Once the analysis 

results are available, any necessary changes will be made and the design will be finalized. 

Fabricating the Heliostat 

Construction of the heliostat prototype will begin with fabrication of necessary components. All 

parts that can be made in-house at NMT will be fashioned during this phase of the plan. Once the 

majority of fabricated and purchased components have been obtained, the team will begin 

assembling the heliostat. This assembly will begin with the frame and will move on to the brake and 

pump systems. The final fabrication step will be to integrate the controls system into the prototype 

and begin initial testing of the system.  

Reporting Results 

To keep sponsors and NMT faculty up-to-date on the status of the project, the team will write 

weekly progress reports. In addition, the team will produce three written reports every six months. 

The first written report will be a proposal for work that will take place within the following six 

months. The second will detail results of the project up to that point in time. Finally, the third will 

compare the schedule presented in this proposal with actual progress made by the team. 

Additionally, the team will give an oral presentation corresponding to each written report submitted. 

Second Year 

Updating the Heliostat Sensor and Control Methodology Design 

After analyzing tests from year one, the NMT team will identify any areas that can be improved 

from the previous heliostat prototype. They will then implement design changes and purchase any 

new components necessary to make those changes.  

Updating the Structural Design 

Using physical testing data, the team will determine the efficiency and structural capabilities of the 

heliostat. If improvements are necessary, the design will be changed accordingly. The team will 

procure additional materials as necessary to complete any modifications to the design. 

Testing the Components 

The team will continue performing tests on the heliostat components. Testing will be similar to that 

performed during the first year. The tests will confirm the heliostat’s sun tracking ability and its 

ability to maintain the focal accuracy required by product design specifications created with SNL. 

Also, the team will run large-scale testing, including testing a solar collector, if it has been completed 

in time for this step. The team will develop additional test procedures as necessary as prototype 

design and fabrication is finalized.  



Reduced-Cost Heliostat Development Proposal  Department of Mechanical Engineering 
  New Mexico Tech 

 Page 18 of 59  

Fabricating a Solar Energy Collection Device 

Once the final design from the first year’s QFD is confirmed, the team will purchase all components 

necessary and begin fabrication of the solar collector. Once the fabrication is completed, the solar 

collector will be placed in an area where the heliostat can easily focus the sun’s beams upon it. If 

possible, this system will be tested during the heliostat component testing phase. 

In addition, the team will fabricate a solar energy collection device that can collect heat for a 

simplified direct-steam application  

Fabricating the Heliostat 

The fabrication of the heliostat will follow the same steps as outlined in year one of the project. As 

before, assembly and integration of the controls and sensor systems will follow fabrication of 

necessary components.  

Reporting Results 

Results will be presented in the form of progress reports, formal written reports, and oral reports 

identical to those outlined in the first year. 
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Qualifications 
NMT is a world leader in many areas of research, one of them being alternative energy. The 

Department of Mechanical Engineering provides an opportunity for engineering students about to 

enter into the industry to work with real-world problems and develop solutions to those problems. 

This section discusses the qualifications of the school, the Mechanical Engineering program, and the 

personnel involved in the project. This section will close with descriptions of previous funding and 

support for the project. 

New Mexico Tech 
NMT was founded in 1889 as the New Mexico School of Mines. Since the school’s inception, the 

mission of NMT has expanded and it is now an excellent research university that specializes in the 

areas of science, engineering, and other related fields. Students come to NMT for one-on-one 

mentoring with professors, hands-on laboratory experiences, and on-campus employment 

opportunities with research facilities—all of which are opportunities that may be unheard of at other 

universities. NMT is a leader in research areas such as hydrology, astrophysics, homeland security, 

and energetic materials engineering[5]. 

Mechanical Engineering Department  
The Department of Mechanical Engineering at NMT provides a quality engineering education, 

providing basic and specialized training necessary for the current and future engineering needs of 

society. The department maintains a strong research program and fosters a close partnership with 

industry and the government[6]. 

The Bachelor’s of Science in Engineering Mechanics is accredited by the Engineering Accreditation 

Commission of the Accreditation Board for Engineering and Technology (ABET). ABET 

Accreditation requires that students within the program be able to demonstrate an ability to apply 

knowledge of mathematics, science, and engineering, design and conduct experiments, analyze and 

interpret data, and have a knowledge of contemporary issue[7]. 

Junior and Senior Design Clinics 

NMT’s Junior and Senior Design Clinics are academic-year-long engineering design projects. Each 

clinic is organized and directed by a faculty member. Senior-level students are under the direct 

supervision of the faculty member, while junior-level students are under the supervision of both the 

faculty member and the senior-level students. The course includes weekly intensive workshops in 

specialized design topics pertinent to actual design projects. Topics include purchasing of capital 

equipment, cost of materials and labor, design optimization concepts, as well as various specialized 

topics. Over the course of the project, students are to prepare and submit formal reports, fabrication 

drawings, and cost estimates to faculty and outside industrial reviewers. Students taking this course 

are also required to make a formal presentation to a reviewing group[8]. 

NMT Personnel 
The NMT Principal Investigator (faculty advisor Dr. Warren Ostergren) and Investigators 

(Junior/Senior Design Team) will oversee the program management, the technology development 
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for the controls and tracking system, and the structural design technology development. They will be 

supported by graduate and undergraduate students. The students at NMT will be organized into 

design teams and team leaders will be selected. Based on the individual skills and interests of the 

students, teams will define individual roles in technology development, design, fabrication, and 

reporting. 

Personnel from NMT involved in this project have extensive experience in structures, controls 

systems, condition monitoring, and energy systems. Students in this project have performed 

extensive research in heliostat technology and have been part of an ongoing team working in this 

area. Undergraduate students will spend up to 1000 hours on this project as part of their design 

classes at no charge to the students or university. 

Previous Funding and Support 

Sandia National Labs 

As a long-term supporter of the Reduced-Cost Heliostat Project, SNL has been a valuable source of 

advice and information. Their heliostat array is one of two functional arrays in the U.S. at the time of 

this writing. In addition to their intellectual support, SNL has also loaned various components to the 

project for use in prototype completion and testing. 

University of Nevada 

The University of Nevada at Los Vegas donated sixteen commercial heliostat mirrors to NMT. 

While not direct monetary support, this contribution helps to bridge the gap of insufficient project 

funding. 

2008 EPA Funding 

The purpose of the EPA P3 competition provides incentive and support to budding developments 

in green and renewable energy sources. The competition is open to graduate and undergraduate 

students from universities in the U.S. There are two phases in the program. Teams compete for 

$10,000 grants in the first phase, and then those who win are eligible to receive the $75,000 grand 

prize in phase two.  

Given the theoretical benefits of a cost-efficient heliostat, it is easy to see how this can fall under the 

EPA’s umbrella statement. The heliostat team competed in the competition during the 2006-2007 

academic year and received the phase one award of $10,000. The grant was used to complete a 

small-scale model of the heliostat design and begin fabrication of a full-scale proof-of-concept 

prototype. 

The team again entered the competition during the 2007-2008 year, but unfortunately did not make 

it through the phase one review. 

2008 EPA Science Forum – Environmental Technology Expo 

Because the heliostat team had previously participated in the P3 competition, the EPA invited them 

to participate in a science forum held in May of 2008. While the forum does not offer a monetary 

prize like the P3 competition, it does pose an exciting opportunity for students to gain experience in 
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professional presentations in the real world. The conference also presents other opportunities to 

obtain additional funding from outside sponsors. 

The event was held in Washington DC from May 20th to May 22nd, 2008. Team members selected to 

go to the conference were to represent both the Reduced-Cost Heliostat Design Team as well as 

NMT. The students who attended found the experience very valuable for dealing with the world 

outside the university setting.  

Hydrogen Production Grant 

While the team explored multiple possibilities for funding the project in the Fall 2007 semester, it 

was clear that some form of financing must be found quickly to move the project forward in a 

timely fashion. The team attempted to receive funding through Los Alamos National Labs (LANL); 

however, the lab was not interested supporting the project at that time.  

During this period, Dr. Weinkauf of the Chemical Engineering Department was working to find 

alternative methods of hydrogen production. Extreme heat is required to drive the reactions for 

hydrogen production, and the heliostat project offered a viable heat source. When it became clear 

the team would not receive funding from LANL, Dr. Weinkauf volunteered to back the heliostat 

project through funding he had already procured through the national lab.  

The joining of forces gave adequate funding to allow for the completion of the fully functional 

prototype including its controls system. 
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Budget 
The following tables contain the proposed budgets for the duration of the two-year project plan. 

Table 1 illustrates the non-itemized budget for the first year of the Reduced-Cost Heliostat plan. For 

the second year non-itemized budget, see Table 2. Additionally, an example itemized budget for the 

materials for and fabrication of a single heliostat unit can be found in Appendix H: Sample Budget 

for Single Heliostat. 

Table 1: First Year Non-Itemized Budget 

Two Graduate Student Employees $58,400.00 

Heliostat Component Development and Design 15,000.00 

Heliostat Prototype Fabrication 30,000.00 

Solar Collection Device Design 10,000.00 

Total $113,400.00 

Table 2: Second Year Non-Itemized Budget 

Two Graduate Student Employees $58,400.00 

Heliostat Component Development and Design Updates 15,000.00 

Heliostat Prototype Fabrication 30,000.00 

Solar Collection Device Fabrication 30,000.00 

Total $133,400.00 
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Benefits 
The largest benefit of heliostat research lies in the development of a clean, renewable energy source 

that can compete economically with fossil fuels. Existing heliostat arrays, like Solar-1, have 

demonstrated that the technology can be used to generate energy. The Reduced-Cost Heliostat 

Team’s design is a step toward refining heliostats to the point of economic viability, thus satisfying a 

critical global need. Additionally, the design and construction of a pilot array of Reduced-Cost 

Heliostats will be another major step toward completing this goal. 

An additional benefit of the project lies in the educational and research opportunities it provides. 

Since its inception, the heliostat research project at NMT has provided participating students with an 

opportunity to gain valuable experience in developing an appreciation for the challenges inherent in 

this field of clean-energy research. They also have the chance to contribute their valuable ideas 

toward the solutions of these challenges. Working on the heliostat project gives students a chance to 

further develop these skills as well as consider more closely the technological and economic future 

of heliostat technology. The project increases the level of student involvement with, and the number 

of students involved in, heliostat research. 

A final benefit of the heliostat project is its innovative position controls system can potentially be 

used for the control of other solar devices, such as photovoltaic cells, which have similar positioning 

requirements. These developments in positioning technology will allow for less expensive heliostat 

arrays in the future, as well as an alternative actuation method that can be used for any similar 

positioning system. 

The ultimate outcome of this project—beyond the two-year scope of this proposal—will be an array 

of reduced-cost heliostats that successfully demonstrates the required technology to support their 

use as an economically competitive alternative to fossil fuels. This outcome includes the 

development of key technologies and the associated economic analysis for the entire system.  

The heliostat array will serve as both a technological demonstration and as an educational tool for 

NMT and other universities within the state. Furthermore, the controls system technology 

developed will benefit similar applications where inexpensive positioning systems are critical, such as 

photovoltaic cells. 
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Conclusion 
The limited supply and environmental impact of fossil fuels has become an urgent problem. The 

solution is to develop a clean, renewable energy source. Unfortunately, most alternative energy 

sources are unviable because they cannot compete economically with fossil fuels. Heliostats are an 

excellent alternative clean energy source. They provide a renewable source of energy that is obtained 

from the sun. Unfortunately, heliostat technology is cost-prohibitive. A team of NMT students is 

attempting to design a heliostat that is at least as cost-efficient as fossil fuels. 

The three major benefits of the NMT Reduced-Cost Heliostat Program are as follows: the 

development of a clean, renewable energy source that is able to compete economically with fossil 

fuels; an educational research project that has provided students with the opportunity to gain 

valuable experience with and appreciation for the challenges inherent in the field of clean-energy 

research; and an innovative position control system, which can be used to control other devices with 

a similar position requirement. 

If the NMT Heliostat Team receives the funding necessary, as outlined in the proposal above, then 

they will be able to complete the proposed plan for the next two years. Once these goals are 

reached, the team can then work toward bigger goals in the future, such as creating and testing an 

entire reduced-cost heliostat array and power tower. 

The Reduced-Cost Heliostat Project is an excellent opportunity to help bridge the funding gap in 

clean renewable energy research and development. 

The NMT Heliostat Team thanks Google.org for its time and consideration. 
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List of Terms and Acronyms 

ABET: Accreditation Board for Engineering and Technology 

DAC: digital acquisition system (only if the stuff from the plan is kept) 

EPA: U.S. Environmental Protection Agency 

FEA: finite element analysis 

finite element analysis: a numerical technique for finding approximate solutions of partial 

differential equations and integral equations 

heliostat: a heliostat consists of a large mirror and the mechanisms and circuitry necessary to 

control it, such that the heliostat tracks the sun and reflects the light onto a given target 

throughout the day 

heliostat array: a heliostat array is a collection of heliostats used to focus sunlight continuously on a 

central receptor that is often called a power tower 

I-beam: steel beam with an I-shaped cross-section 

LANL: Los Alamos National Labs 

NI: National Instruments 

NMT: New Mexico Tech 

 P3: People, Prosperity, and the Planet Student Design Competition for Sustainability 

photovoltaic cell: a semiconductor device that turns energy of sunlight into electric energy 

QFD: quality function deployment 

quality function deployment: a process to translate customer requirements into design 

requirements. 

SNL: Sandia National Labs 
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Appendix A: Dr. Warren Ostergren’s CV 
This section contains the curriculum vitae of NMT professor and project supervisor Dr. Warren 

Ostergren. 

 

Warren Ostergren 
 

Associate Professor 
Mechanical Engineering Dept. 

New Mexico Tech 
801 Leroy Place 

Socorro, NM, 87801 
E-mail:warreno@nmt.edu 

 

QUALIFICATIONS SUMMARY 
Teaching experience in strength of materials, mechanics of materials, applied engineering 
statistics, production and operations management and engineering management. Technical, 
project management and leadership experience in high temperature rotating equipment. 
Experience solving complex technical problems and innovating new design approaches. 
Accomplished team leader, adept at developing people and delivering outstanding team 
performance. Specific areas of expertise include: 

 Program Management (new part introduction, team integration and critical path planning) 

 Mechanics of materials (fatigue, fracture, constitutive behavior and creep/rupture) 

 Structures (stress analysis, finite elements, thermal analysis and deformation) 

 Design (Six sigma, design for manufacturability, rotor dynamics) 

 Power Generation (aircraft engines, steam&gas turbines, combined cycles) 
 

EXPERIENCE SUMMARY 
New Mexico Tech - Socorro, NM & York County Technical College - Wells, ME 

 Faculty Member – Teaching courses in Engineering Design, Advanced Strength of 
Materials, Mechanics of Materials, Engineering Statistics, Managing Technology 
Resources and Production and Operations Management. 

GE Aircraft Engines – Lynn,MA 

 F414 and F404 Programs Manager – Responsible for engineering management of 
F414 and F404 engines on F/A-18 Navy Hornet Aircraft. Responsibilities include 
technical management and customer interface for $40M engineering program on new 
component developments, production and field problems. 

 Manager JTAGG Engineering – Responsible for engineering leadership of advanced 
turboshaft engine program supported by Army, Navy and Air Force with objective of 
doubling turbine engine performance 

 Manager Component Technology Programs – Responsible for engineering technical 
management of programs funded by U.S. Government to develop critical technology 
needs for advanced aircraft engine components, including blade film cooling, 
combustors, seals, turbines and metal matrix composites. 

 Manager Structures, Stress and Vibration – Responsible for managing technical work 
of 30 engineers conducting dynamic analysis of aircraft engine systems and structures. 

GE Power Systems – Schenectady, NY 
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 Manager Mechanical Development – Responsible for design and development of 
static components applied in utility, industrial and ship propulsion turbines. 

 Manager Mechanics of Materials – Responsible for developing gas turbine materials 
behavior predictive methods in creep, fatigue and fracture; directing laboratory test 
programs and providing materials design criteria. 

 Engineer Large Generators – Responsible for design of large rotating generator 
equipment, analysis of rotating parts and development of analysis techniques. 
 

EDUCATION 

 PhD – Mechanics - Rensselaer Polytechnic Institute, Troy, NY 

 MS – Engineering - Brown University, Providence, RI 

 BS – Mechanical Engineering - University of Rochester, Rochester, NY 
 

EXTERNAL PUBLICATIONS 

 Levy, N; Marcal, PV; Ostergren, WJ and Rice, JR, “Small Scale Yielding Near a Crack in 
Plane Strain: A Finite Element Analysis”, International Journal of Fracture Mechanics, 
Vol.7, June 1971, p. 143. 

 Ostergren, WJ, “A Damage Function and Associated Failure Equations for Predicting 
Hold-Time and Frequency Effects in Elevated Temperature, Low-Cycle Fatigue”, Journal 
of Testing and Evaluation, Vol.4, Sept. 1976, p. 327. 

 Ostergren, WJ, “Correlation of Hold Time Effects in Elevated Temperature Low-Cycle 
Fatigue Using a Frequency Modified Damage Function”, ASME-MPC Symposium on 
Creep-Fatigue Interaction, Dec. 1976, p. 179. 

 Chambers, WL; Ostergren, WJ and Wood, JH, “Creep Failure Criteria for High 
Temperature Alloys”, Journal of Engineering Materials and Technology, Vol.101, Oct. 
1979, p. 374. 

 Ostergren, WJ and Krempl, E, “A Uniaxial Damage Accumulation Law for Time-Varying 
Loading Including Creep-Fatigue Interaction”, Journal of Pressure Vessel Technology, 
Vol.101, May 1979, p. 118. 

 Ostergren, WJ and Krempl, E, “A Linear Uniaxial Damage Accumulation Law for Creep- 
Fatigue Interaction”, Joint ASME/CSME Pressure Vessel & Piping Conference, 
Montreal, Canada, Mar. 1978. 

 Ostergren, WJ and Whitehead, JR, Editors, “Methods for Predicting Material Life in 
Fatigue”, Published by ASME, Dec. 1979. 

 Ostergren, WJ and Embley, GT, “Mechanical Property Requirements for Hot Section 
Components in Gas Turbines”, EPRI Conference, 1981. 

 Wood, JH; Farrell, TR; Beltran, AM; Schilling, WF and Ostergren, WJ, “Development of 
Diffusion Bonded Claddings for Large Gas Turbine Applications”, EPRI Conference, 
1981. 

 Peterson, LG; Hrencecin, DE; Schilling, WF and Ostergren, WJ, “Development of Hybrid 
Gas Turbine Technology”, Gas Turbine Division ASME, 1982. 

 
RESEARCH INTERESTS 

 Mechanics of materials 

 Structural analysis 

 Machine design 

 Propulsion and power systems 

 Program management 

 Product development 
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 Total quality management 
 
COURSES TAUGHT 

 MENG304 - Advanced Strength of Materials. The course focuses on advanced 
strength of materials principles and techniques for use in mechanical engineering design 
and problem solving. Mechanical engineering designs are increasingly complex and 
require a range of mechanics skills including, predicting material failure under steady 
and cyclic loading, determining the stresses and deflections due to unsymmetrical 
loading, understanding nonlinear structural deflections and resulting residual stresses, 
computing shear stresses in thin-walled structures, analyzing for stresses in 
axisymmetric thinwalled shells, and analyzing thick cylinders. All of these important 
mechanics skills must be utilized by a mechanical engineer to make informed design 
decisions and to solve many engineering problems. 

 ES302 - Mechanics of Materials. The course focuses on the relationships between the 
applied external forces acting on deformable bodies and the internal stresses and strains 
produced. In addition to analyzing equilibrium of the deformable bodies, this requires 
consideration of the material properties and geometry of deformation. Material 
characteristics, tension, compression, torsion, shear, bending, Mohr's circle, combined 
loading, and buckling of columns will be investigated. Analysis and design of structural 
members will be considered. The computer program MD Solids, provided with the text, 
will be used to help develop problem solving skills. These mechanics of materials skills 
are typically utilized by mechanical engineers to solve engineering problems and to 
make informed design decisions. 

 MENG381/382 - Junior Design Clinic. The course enables students to utilize the 
engineering design and verification process on assigned mechanical design projects. 
Students will be advised by faculty members and external company sponsors/mentors. 
Weekly workshops will be conducted in specialized topics pertinent to the design 
process. Topics include conceptual design; design specifications; program planning 
using Gantt charts; costing of a project; detailed product design; as well as other 
specialized topics. Formal reports, fabrication drawings, and cost estimates will be 
prepared and submitted to faculty and outside industrial sponsors/mentors. Formal oral 
presentations will be given to a reviewing group of advisers and students. Formal written 
proposals, interim reports and final reports will be completed by the assigned student 
teams. 

 MENG481/482 - Senior Design Clinic. The course will enable students to utilize the 
engineering design and verification process on assigned mechanical design projects. 
Students will be advised by faculty members and external company sponsors/mentors. 
Weekly workshops will be conducted in specialized topics pertinent to the design 
process. Topics include conceptual design; design specifications; program planning 
using Gantt charts; costing of a project; detailed product design; as well as other 
specialized topics. Formal reports, fabrication drawings, and cost estimates will be 
prepared and submitted to faculty and outside industrial sponsors/mentors. Formal oral 
presentations will be given to a reviewing group of advisers and students. Formal written 
proposals, interim reports and final reports will be completed by the assigned student 
teams. 

 EMGT571 - Engineering Statistics. The course focuses on statistical decision making 
in today's dynamic engineering environment where products and processes are 
continuously improving. Decisions by modern engineering managers are increasingly 
data driven and require a range of statistical skills including, gathering and describing 
data, designing samples and experiments, drawing statistical inferences and 
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conclusions, evaluating the confidence of conclusions, developing regression models for 
anticipating future behavior and use of statistical quality control and six sigma to drive 
process improvement. All of these important capabilities must be utilized by a technical 
manager to make informed decisions. 

 EMGT506 - Managing Technology Resources. This course covers the vital role 
provided by modern engineering managers and encompasses a variety of critical skills, 
including managing people and projects, providing team leadership, making decisions, 
resolving conflicts, interfacing with customers, and making technical proposals. All of 
these important capabilities must be utilized by the technical manager in today's dynamic 
engineering environment where products and processes are continuously improving. 

 EM589 - Advanced Strength of Materials. The course focuses on advanced strength 
of materials principles and techniques for use in mechanical engineering design and 
problem solving. Mechanical engineering designs are increasingly complex and require 
a range of mechanics skills including, predicting material failure under steady and cyclic 
loading, determining the stresses and deflections due to unsymmetrical loading, 
understanding nonlinear structural deflections and resulting residual stresses, computing 
shear stresses in thin-walled structures, analyzing for stresses in axisymmetric 
thinwalled shells and thick cylinders and predicting the stability of elastic beams and 
shells. All of these important mechanics skills must be utilized by a mechanical engineer 
to make informed design decisions and to solve many engineering problems. 
 

DESIGN CLINIC PROJECT OPPORTUNITIES FOR STUDENTS 

 Heliostat Design 
Design, fabricate, and demonstrate a cost reduced heliostat design (large mirror array) 
that may make this technology more economically viable as an alternative to fossil fuel 
energy sources. 

 Bicycle Continuously Variable Transmission 
The goal of this project is to design, build, and test a Continuously Variable 
Transmission (CVT) for a standard bicycle. The CVT will provide an infinite number of 
gear ratios and be competitive with standard bicycles in terms of weight, durability, and 
comfort. 

 Infinitely Variable Transmission For Implementation In Heavy Equipment 
The goal of this project is to design an Infinitely Variable Transmission (IVT), and 
develop a working prototype for use in light and heavy machinery. An IVT enables an 
infinite number of gear ratios to be selected, rather than being restricted by the available 
gear ratios of a conventional design. The IVT must be capable of performing in various 
types of heavy and light machinery. The IVT must allow the equipment to move forward, 
backward, and come to a complete stop without varying the operating speed of the 
motor, all while the equipment's PTO (power take off) is engaged. 

 Energetic Materials Propelled Robot 
This is an approach for a highly mobile robot. When robots reach a certain scale 
(mesoscale) their locomotion is very inefficient, especially if you use motors or 
hydraulics. The concept is to use an array of energetic materials (an array of meso-scale 
explosives) to provide direct propulsion to robots that may weigh a few grams but need 
to travel a couple several km or up several meters of stairway. 

 Closed Bomb Design Project 
Design, build, and test a Closed Bomb Test Machine to allow determination of whether a 
propellant will burn at high pressures. The pressure is elevated and then the propellant 
is ignited and the burn time is measured. Pressures will probably be in the range of 
50,000 psig. Pressure elevation can be accomplished with other propellants. 
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 Integrated Actuator In Landing Flaps Design Project 
Design improvements to the landing flaps for Eclipse aircraft. The objective is to save 
weight, cost, production hours and improve reliability. The landing flaps on the aircraft 
are driven by electro-mechanical smart actuators which "talk" to each other to avoid any 
asymmetric effects. The flaps deflect on steel tracks. Four actuators (2 per wing) position 
the flaps on those tracks to one of the four discreet positions required by aerodynamics. 
The team will investigate and propose different solutions to the problem. 

 Automated Autoclave Vacuum Seal Applicator 
Design, fabricate and test an automated vacuum seal system for an autoclave. The 
autoclave is utilized for hot isostatic pressing of composite parts. Currently a bag system 
surrounds the part and a tape putty is used to seal the bag. In this project an automated 
approach for applying the putty will be developed and analyzed and a prototype system 
will be fabricated and tested. 

 Noise Abatement System 
Design, fabricate, and test a noise isolation system for remote compressor applications. 
Bulington Resources utilizes compressors at remote pumping sites that frequently are in 
the vicinity of small populated areas. To prevent the disruption and inconvenience of 
compressor noise a design system for noise isolation is required. 

 Mini-Baja Project 
Design, build, and test a Mini-Baja vehicle for competition in the SAE sponsored Mini-
Baja Project. 

 Fluids Lab Design Project 
Design, procure hardware, and conduct calibration tests for a new fluids lab at New 
Mexico Tech 

 Power System Design For Farm Irrigation Project 
Design a power plant system comprised of solar panels, wind generators, and AC power 
that efficiently recharges the batteries for two pivot sprinkler systems and two 
submergible water pumps. Pivot irrigation is 50 to 60 % more efficient in water usage, so 
a farmer can irrigate twice as much land with the same amount of water that is used for 
flood irrigation. Power Plant should provide all power needed (24 hours/day, seven 
months of the year). 

 
RECENT GRADUATE STUDENT PROJECTS 

 Gokcen Aykac-A Total Quality Management Blueprint For Small Technology 
Companies- 

 MEM 

 Joyce Utoh-Process Improvement In Small Retail Businesses To Successfully Compete 

 With Large Discount Chain Stores - MEM 

 Theresa Montoya-Direct Metal Oxidation Furnace-A Thermal and Structural Analysis-MS 
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Appendix B: Heliostat Specifications 
This section contains the heliostat specifications agreed upon by the Reduced-Cost Heliostat Team 

and the team of engineers from SNL. Table 3 contains the specifications for the heliostat’s longevity 

and survival, while Table 4 contains the specifications for the heliostat’s movement accuracy in the 

presence of windy conditions. 

Table 3: Heliostat Longevity and Survival Specifications 

Longevity Survival 

Temperature -30oC to 50oC 

Humidity 0% to 100% 

Lightening No Structural Damage, Some Control System Damage 

Hail  in, any position; 1in at stow position 

Wind 50mph in any position, 90mph at stow position 

Seismic 1 g acceleration, any direction, any position 

Average Life 30 years 

 

Table 4: Heliostat Accuracy in Windy Conditions 

Wind Speed Accuracy 

Calm Wind +/- 0.75mrad RMS error 

27mph 1.25mrad RMS error 

35mph +/- 1.50mrad RMS error 

<50mph Must be capable of returning to stow position 
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Appendix C: Wind Loading Assessment 
The following section is an excerpt from the Reduced-Cost Heliostat Team’s Fall 2007 – Spring 

2008 project report. The section details wind loading tests, analyses, and conclusions performed by 

team members in Fall 2006. 

COSMOS FlowWorks FEA 
The FlowWorks program performs its FEA for two major types of flow: internal and external. 

Internal flow analysis focuses upon flow through completely enclosed orifices, such as pipes, 

electronics bins, or heat exchangers. External flow analysis focuses upon flow over free objects such 

as cars or missiles in flight. While the external flow analysis is obviously more suitable for the 

heliostat project, both types of analyses were run in order to develop a second set of data points for 

verification purposes. 

In order to run the internal flow analysis, the entire control volume (computational domain) needed 

to be enclosed in a solid body. To do this, a virtual wind tunnel was created in the SolidWorks 

modeling environment. It was designed to be large enough to ensure that the tunnel itself did not 

excessively affect the results but small enough that the computational time necessary to run the 

analysis was not excessive. The parameters entered for items such as fluid properties, initial 

velocities, and wall properties can be seen in Table 5. 

Table 5: FEA Analysis in a Simulated Wind Tunnel 

Thermodynamic parameters Static Pressure: 14.6959473 lbf/in
2 

Temperature: 68.09 °F 

Velocity parameters Velocity vector 

Velocity in X direction: 0mph 

Velocity in Y direction: 50mph 

Velocity in Z direction: 0mph 

Turbulence parameters Turbulence intensity and length 

Intensity: 2% 

Length: 0.0213256001 in 

As with internal flow, the computational domain for the external flow model needed to be made 

large enough to yield dependable results without creating undue computational time. For this 

analysis, the model was significantly simplified in the following ways: the mirror facet was suspended 

in space and all other components of the heliostat were eliminated. The same computational 

parameters were then inserted into the model and then run in the program. 

The FlowWorks program has a set of features which make interpretation of data simple while 

maintaining high confidence in results. With each study completed, a set of goals can be developed. 

In the case of the heliostat analysis, the primary goals included the torque and normal forces 
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impingent upon the mirror at a few key wind speeds. These goals were specified before running the 

program and were monitored as the analysis progressed. In order to maximize performance while 

ensuring convergence of results, FlowWorks performs a series of iterations while reducing the mesh 

size. This makes it unnecessary to continually re-run the study with increased mesh refinement. 

Figure 6, Figure 7, Figure 8, Figure 9, Figure 10, Table 6, and Table 7 show the outputs of the FEA 

analysis. 

 
Figure 6: Normal force vs. iterations in a wind tunnel test 
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Figure 7: X-axis torque vs. iterations in a wind tunnel test 

Table 6: Internal-Model Results from Wind Tunnel Test 

Iteration [ ] 94    

Local parameters 

Parameter Minimum Maximum Average Bulk Average 

Pressure [lbf/in
2
] 14.6816 14.7858 14.7208   

Temperature (fluid) [°F] 67.7064 68.5219 68.1948   

Density [lb/ft
3
] 0.0750574 0.075543 0.0752567   

Total Pressure [lbf/in
2
] 14.6941 14.8022 14.7486   

Dynamic Pressure [lbf/in
2
] 0.00108891 0.0806082 0.0278182   

Velocity [mile/h] 7.90267 67.9334 35.9732   

Mach Number [ ] 0.0102922 0.0885278 0.0468607   

Integral parameters 

Parameter Value X-component Y-component Z-component 

Force [lbf] 477.957 -336.342 0.783167 339.583 

Shear force [lbf] 0 0 0 0 
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Torque [lbf*ft] 4625.3 601.487 -4545.43 608.877 

Heat transfer rate [Btu/h] 0       

Normal force [lbf] 477.957 -336.342 0.783167 339.583 

Surface area [ft
2
] 78.5398 7.04296 0.029048 -7.83937 

Uniformity index [ ] 2.22E-16       

 

 
Figure 8: The normal force vs. iterations in a wind tunnel test 
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Figure 9: Z-axis torque vs. iterations in a wind tunnel test 

 
Figure 10: Airflow and stress on a mirror in a wind tunnel test 
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Table 7: External Test Results from Wind Tunnel Tests 

Iteration [ ] 89    

Local parameters     

Parameter Minimum Maximum Average Bulk Average 

Pressure [lbf/in
2
] 14.6215 14.7763 14.71   

Temperature (fluid) [°F] 67.8535 68.5254 68.2376   

Density [lb/ft
3
] 0.074745 0.0755352 0.0751957   

Total Pressure [lbf/in
2
] 14.6517 14.8063 14.7393   

Dynamic Pressure [lbf/in
2
] 0.000531889 0.0667379 0.0291932   

Velocity [mile/h] 5.52887 61.8516 39.2268   

Mach Number [ ] 0.00719942 0.0805909 0.0510951   

Surface Heat Flux 
[lbf*ft/(ft

2
*s)] 0 0 0   

Integral parameters     

Parameter Value X-component Y-component Z-component 

Force [lbf] 206.704 151.616 -140.497 -0.0547396 

Shear force [lbf] 0 0 0 0 

Torque [lbf*ft] 289.46 0.103969 0.142643 289.46 

Heat transfer rate [Btu/h] 0       

Normal force [lbf] 206.704 151.616 -140.497 -0.0547396 

Surface area [ft
2
] 78.5398 -44.0974 44.0595 0.000413457 

Uniformity index [ ] 0       

 

Based on these results, it was obvious that there were significant errors with the internal analysis. 

The x and z components of the torque should be zero, based on symmetry. Instead they showed a 

value of over 600ft-lbs. Thus, the results of the internal flow analysis were disregarded and those of 

the external analysis were used exclusively as the FEA results of flow analysis. 

Verification 
To accurately predict the couple produced by the flow of wind over the heliostat, it would be 

necessary to accurately model the fluid flow of the air past the mirror. Traditionally, this has always 

been done via construction of a small, appropriately scaled model tested in a wind tunnel or water 

tunnel. In recent years, computer modeling has at least partially supplanted such physical testing, and 

wind moments in this project were predicted using FEA as described above to model the fluid flow. 
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It was nonetheless deemed prudent to make some rough estimations of the wind-induced moments 

by hand, and these estimates were made as follows. 

First, a very conservative set of calculations was performed using energy methods. A volume of air 

was assumed to plastically collide with the mirror, wherein all of the energy contained in the air (its 

mass and velocity) was translated into a (normal) force upon the mirror. The spreadsheet that 

computes this, along with the results for a wind at 50mph impingent upon the mirror at 45°, is 

shown in Table 8. 

Table 8: Data of Forces on Mirror in Wind Tunnel Test 

Wind Speed (mph) Force Exerted on Mirror From Specified Degree 

50      1280.869 N 287.9522 lbf   

       Max Possible force at current wind speed (90º) 

Angle of Mirror from horizontal in 
degrees  1811.423 N 407.2259 lbf   

45      Force at 45º at Current Wind Speed   

       1280.869 N 287.9522 lbf   

Radius of Mirror 
(ft)          

5           

 

As can be seen by comparison of the normal force values, the conservative hand calculations are 

well above those attained with the computer model, as was expected. A method for estimating wind-

induced moments about the axis of the mirror was devised, and the following assumptions were 

made: 

 The velocity profile of the wind striking the mirror is uniform. 

 The flow of air over the mirror creates a slight pressure difference between the air immediately 

above and below the inclined mirror. 

 The shape of the flow lines around the mirror is known. 

 The average velocity of air particles above and below the mirror is identical; that is, if two air 

particles separate at the leading edge of the mirror at time t=0 with one going over the mirror 

and the other under, the particles must reach the trailing edge of the mirror at the same time, 

t=t1. 

 The pressure difference across the mirror is produced by the difference in speed required for 

the particles to maintain equal average velocity. 



Reduced-Cost Heliostat Development Proposal  Department of Mechanical Engineering 
  New Mexico Tech 

 Page 40 of 59  

 Due to the relatively lower pressure below the mirror, the moment can be modeled as 

downward force acting on the mirror through the centroid of the area enclosed by the flow 

lines. 

It is possible to estimate the moment produced for any assumed set of flow lines. The greater the 

difference in length between the upper and lower flow lines, the greater the moment is likely to be. 

Therefore, the following assumption for the shape of the flow lines (shown in Figure 11) should 

produce a very conservative estimate of the wind moments. 

      
Figure 11: Demonstration of the moments due to wind on a mirror (top and side views) 

If the particle that goes over the top of the mirror is referred to as a, and the particle that goes under 

is referred to as b, we can apply the equations in Figure 12. 

 
Figure 12: Equations for solving the moment on a surface 
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In these equations, M is the moment produced, ρ is the density of air, Vwind≠ is the wind speed, d is 

the diameter of the mirror, and θ is the angle of the mirror with respect to the horizontal. Using the 

above equation, with d=10ft, ρ=2.38x10-
3
slugs/ft

3
, the team obtained the results shown in Table 9. 

Table 9: Measure of Wind Speed Moments on Various Tilted Positions of Mirror 

Mirror Angle 

M (ft-lb) 

V=30mph=44fps V=50mph=74fps V=90mph=132fps 

0° 0 0 0 

15° 55.57 157.18 500.13 

30° 81.14 229.51 730.29 

45° 74.98 212.07 674.78 

60° 46.85 132.51 421.63 

90° 0 0 0 

 

The values produced by this method are probably quite conservative given the somewhat 

unrealistically assumed flow path. In reality, the flow lines would follow some kind of curve.  

Wind Loading Analysis Conclusions 
The values attained in the flow analysis have been verified to a certain degree by four methods 

(internal, external, energy, and pressure differential). While there is a large variance between the 

values, this discrepancy was expected and is therefore actable. The conclusion of the flow model, 

and the results that will be used in the stress analysis, are summarized in Table 9.  

Table 10: Overall Forces on the Mirror due to Wind 

Torque 200 ft-lbs 

Normal Force 300 lbs 

Average Pressure 14.6 psi 
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Appendix D: Stress Analysis  
The following is an excerpt from the Reduced-Cost Heliostat Team’s Fall 2007 – Spring 2008 

project report. The section details material and design stress tests, analyses, and conclusions 

performed by team members in Fall 2006. 

COSMOS FlowWorks FEA 
The stress and deflection analysis portions of the FEA were conducted using the SolidWorks 

COSMOS software package. The primary concern was the outer support ring, as it will bear the 

wind loads, mirror, inner ring, water, and self-weight. In addition to carrying all of these loads, they 

are concentrated at four points, namely, the points where the axis of rotation intercept the ring. 

There is a great deal of symmetry within the design, so as a form of redundancy, two forms of 

symmetry were used in modeling: a quarter ring and a half ring (in addition to a single run of the 

entire ring). Early tests showed that displacement due to loading, not failure due to stress, would 

determine the necessary properties of the support ring.  

FEA Results 
Multiple iterations were used to size the appropriate member for both wide flange I-beam and 

tubular cross sections. Initially, an octagonal frame was investigated for the outer ring; however, a 

simple square proved much more capable of bearing the expected loads. Figure 13, Figure 14, Figure 

15, Figure 16, and Figure 17 illustrate the final results obtained. Initially, there was some question 

about whether the heliostat should be built from I-beams or DOM tube stock, so analyses were run 

on both. 

 
Figure 13: FEA stress analysis on a tubular frame support 
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Figure 14: FEA stress and moments diagram for a tubular octagonal frame 

 
Figure 15: FEA stress and moments diagram for a square tubular frame 
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Figure 16: FEA stress and moment analysis of an I-beam support 

 
Figure 17: FEA stress and moment diagram for an I-beam octagonal frame 

The final selection was made as a result of the maximum displacement predicted by the FEA for 

both the I-beams and tube stock, as shown in Table 11. 

Table 11: Deflection and Stress of Both Beam Types 

Cross Section Deflection (in) DOS (Stress) 

6” OD .25” wall 0.35 4.65 
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W8x18 0.007 1.5 

 

Verification 
FEA results and other calculations indicate that the total load on the heliostat frame will be on the 

order of 2000 lbf. Solving the equations presented for the minimum required elastic section moduli 

would be an arduous task. In selecting a beam, it was assumed torsion was negligible. The equations 

used are shown in Figure 18. 

 
Figure 18: Stress and deflection equations

 

These lead to the following constraints illustrated in Figure 19. 

 
Figure 19: Constraints on beam section

 

With the values F=1000 lbf , E=29x10
6
 psi , L=12 ft , yallowable=0.5 in , and σyield=36 ksi , these 

constraints dictate the results shown in Figure 20. 

 
Figure 20: Constraints on beam selection with given values

 If σyield=70 ksi instead of 36 ksi, then the results are modified as shown in Figure 21. 

 
Figure 21: Constraints on beam selection with different value of ksi
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As previously mentioned, the two most promising steel shapes are DOM tubing (with yield strength 

of 70 ksi) and wide-flange I-beams made of A36 steel (with yield strength of 36 ksi). Table 12 and 

Table 13 list beam specifications in the range of requirements for moment of inertia and elastic 

section modulus. 

Table 12: Tube Dimensions 

Reference number Diameter (in) Thickness (in) I1 (in
4
) S1 (in

3
) S2 (in

3
) Am (in

2
) K (in

4
) 

1 4.000 0.500 8.590 34.361 34.361 12.566 25.133 

2 4.500 0.250 7.563 60.500 60.500 15.904 17.892 

3 4.500 0.375 10.422 55.582 55.582 15.904 26.839 

4 5.000 0.188 8.239 87.645 87.645 19.635 18.457 

 

Table 13: Wide-Flange I-beams 

Re
f # Specification Flange Width (in) Depth (in) Thickness (in) I1 (in

4
) S1 (in

3
) S2 (in

3
) Am (in

2
) K (in

4
) 

5 W4x13 4.060 4.160 0.280 11.300 5.460 1.900 3.438 0.090 

6 W6x16 4.030 6.280 0.260 32.100 10.200 2.200 3.728 0.084 

7 W8x18 5.250 8.140 0.230 61.900 15.200 3.040 4.287 0.076 

 

Using the dimensions of the above beams and the preceding equations, the actual maximum Von-

Mises equivalent stresses and maximum deflections are calculated in Table 14. 

Table 14: Maximum Stress and Deflection of Different Beam Types 

Ref # 
Max VM equivalent 

Stress (ksi) Max Deflection (in) 

1 2.095 0.499 

2 1.190 0.567 

3 1.295 0.412 

4 0.821 0.521 

5 37.894 0.379 

6 32.727 0.134 

7 23.684 0.069 
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From this data, it becomes apparent that deflections tend to be the limiting factor for tubing while 

stresses tend to be the limiting factor for I-beams. 

Stress Analysis Conclusions 
Based on the preceding calculations & modeling and price quotations from available steel suppliers, 

the team determined that W8x18 I-beam stock would be the most appropriate specification for the 

structural rings and base frame of the heliostat prototype. 
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Appendix E: Heliostat Prototype Systems  
The following section is an excerpt from the Reduced-Cost Heliostat Team’s Fall 2007 – Spring 

2008 project report. The section describes the various component systems of the existing heliostat 

prototype, including the controls system hardware and algorithm methodology, the axle design, the 

mirror optics, the brake system, and the pump system. 

Controls System 

Methodology 

The current planned sensor and control methodology utilizes a BEI HD25X 14-bit absolute optical 

encoder and a National Instruments (NI) Labview-based digital acquisition system (DAC). An 

absolute optical encoder is a device that converts motion into a sequence of digital pulses. By 

counting a single bit, or by decoding a set of bits, the pulses can be converted to absolute position 

measurements.  

The encoders planned are rotary configurations. The absolute encoder provides a unique digital 

word that corresponds to each rotational position of the shaft. The rotary encoders are composed of 

a glass or plastic code disk with a photographically deposited radial pattern organized in tracks. As 

radial lines in each track interrupt the beam between a photoemitter-detector pair, digital pulses are 

produced.  

Both the encoder and DAC devices are costly and the encoder is by far the largest expense between 

the two. Other approaches will be explored as part of this research effort to provide a more 

economical approach, such as a Hall effect sensor. 

A Hall effect sensor is a transducer that varies its output voltage in response to changes in magnetic 

field. Hall sensors are used for proximity switching, positioning, speed detection, and current 

sensing applications. Development of such a sensing system for measuring shaft position will be 

pursued due to the cost savings (~90%) that this sensing system offers over existing optical 

encoders. 

Hardware 

The team has purchased a NI DAC system and sensors. These sensors are 14-bit rotary encoders 

that output grey code when a 5- to 26-Volt DC current is applied. The sensors are attached to the 

two axes of rotation and have a max sampling rate of 20 kilohertz. They are connected to the NI 

DAC by two CAT 5 cables, which are then connected to the first 14 active ports on each of the two 

NI DAC devices. 

The pump and break systems have been modified in order to accommodate the controls system. In 

order to actuate the pumps and breaks, a total of ten digital relays are needed. Each pump requires 

four relays, while each of the two sets of breaks takes one. The system is set up in this manner to 

remove the high amperage needed to run the pumps and breaks from the NI DAC.  To power the 

breaks and pumps, a computer power supply has been modified to be able to produce 12V and 

handle up to 40 amps, which is more than enough to run all the components at once. 
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Algorithm 

The heliostat system is made up of four major algorithms. A major problem with the sensors that 

the team purchased is that they output in grey code. Grey code is a type of binary in which only one 

bit changes at a time. This requires a complex set of functions and slows down the maximum 

sampling speed of the sensors.  

Also, in order to reduce noise in the system, each data point sent as output is a large sample of angle 

positions. The current speed at which these samples are recorded is one millisecond, which satisfies 

other parts of the program. This is also part of the calibration and zeroing algorithm. This algorithm 

sets the reference point at the stow (default) position, which can be saved or loaded onto the hard 

drive.  

In order to successfully move the heliostat, the rotary encoders require a specific target, in this case 

the power tower. This algorithm takes the location of the sun and tower as vectors and performs a 

set of rotational matrices along with vector bisecting in order to output the correct target angles for 

the axes. In the future the vector of the tower will be hard-coded into the program. A sun-tracker 

function will also be added in order to read a data sheet of azimuth angles and convert it into 

useable data.  

To move the heliostat, the digital relays must be activated in a sequence that will properly actuate the 

unit. There are four main sub-parts to this algorithm. The first sub-part consists of the program 

receiving data about the target and current location of the sensors. Next, the program interprets the 

data to decipher which direction and for how long the pumps and breaks must be set in motion. The 

last two parts of the algorithm control the actuation of the breaks and pumps.  

The break system is complicated because of the actuation method for the reverse and forward 

direction of the pumps. This process requires a current flowing positive for forward movement and 

negative for reverse movement. The system could be damaged if both were to be activated at the 

same time. A few failsafes have been added to prevent hardware damage of this fashion. There is 

also an emergency part of this algorithm that returns the heliostat to the stow position 

In order to test the heliostat, the system must be moved manually. This algorithm focuses on giving 

inputs to a user in order to actuate all four parts. Once again, the pumps have been given a failsafe 

device that will remove the possibility of creating a short circuit.  

Axle Design 
To support rotation of the two axes, the team selected and purchased bearings as well as designing 

axles. The team already knew the loads on the axles from prior modeling and assumed a maximum 

moment arm for applied loads based on dimensions and clearances for the rings and frame. The 

team then calculated shaft diameter based on bending. This calculation resulted in the equation in 

Figure 22, where M was the moment, and σy was the yield strength of the shaft.   

 
Figure 22: Axle shaft diameter equation 

Table 15 was generated using this equation. 
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Table 15: Axle Shaft Diameter Based on Yield Strength 

Shaft Yield Strength Minimum Allowable Diameter 

36 ksi 1.27 inches 

50 ksi 1.14 inches 

100 ksi 0.902 inches 

150 ksi 0.788 inches 

200 ksi 0.716 inches 

 Based on the table and expected costs, the team assumed an A36 shaft 1.5 inches in diameter to 

carry out further calculations. They determined that for such a shaft, the vertical load required to 

produce bending would be about 2,900 lbf. The load required to produce vertical shear failure would 

be about 63,600 lbf, and the load required to produce horizontal failure would be 190,800 lbf. The 

torque required to produce yielding in torsion would be 11,900 lbf-in, or 990 ft-lbf. All of these 

maximum loads are in excess of design requirements, so the axles were originally specified as 1.5-

inch-diameter A36 round stock.  

When it came time to purchase the axle stock, the only A36 round stock available in the required 

size was hot-rolled with a poor surface finish. Since the axle would have to be pressed into bearings, 

it required a high finish, which would have necessitated buying the next size up and turning it down 

to size. However, cold-rolled 1.5-inch-diameter round stock with an acceptable surface finish was 

available in the 1018 specification, and there was no significant difference in price between the hot-

rolled A36 and the cold-rolled 1018. The team actually purchased 1018 steel for the axles instead of 

the recommended A36. The yield strength of cold-rolled 1018 steel is about half again as high as that 

of A36, so the safety factor of the axles was effectually increased by about 50% by this decision. 

The bearings were sized based on axle diameter and bearing static load rating, (static load rating was 

used due to the very low rotational speeds anticipated in heliostat operation). Needle bearings were 

chosen due to their low cost, high load-bearing capacity, and compactness.  

The team then designed pillow blocks to hold the bearings and facilitate their mounting to the 

heliostat frame. The resulting axle and pillow-block designs are shown in Figure 23 and Figure 24, 

respectively. These components were designed and analyzed in the spring semester of 2007.  

In Fall 2007, when more detailed attention was given to the construction of the second axis of 

rotation, it became apparent that slight modifications to the pillow-block design would be necessary 

if it was to be used for mounting the inner ring. The original pillow-block was designed to mount to 

the top of the A-frame supports and was consequently too wide to fit on the flange of an I-beam, 

which is required to mount of the inner ring. Thus, a second set of drawings was prepared, with a 

narrower pillow-block design, as shown in Figure 25. The inner-ring axles (not shown) were 

shortened as appropriate to fit the new design. 



Reduced-Cost Heliostat Development Proposal  Department of Mechanical Engineering 
  New Mexico Tech 

 Page 51 of 59  

 
Figure 23: Initial axle design 

 
Figure 24: Initial pillow-block design 
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Figure 25: Revised inner-ring pillow-block 

Mirror Optics 
To focus the mirror on the prototype the team was required to pull a vacuum by removing the air 

within the mirror. Before attempting to create the vacuum, the situation was discussed with the 

team’s sponsors at SNL. The SNL engineers suggested that the team avoid using a high-powered 

vacuum pump and instead pull the vacuum using a smaller scale pump such as a hand pump or fan.  

Upon the SNL recommendations, the team acquired a small hand plunger pump was tested the 

pump’s ability to draw a vacuum. As predicted, the force used to pull the vacuum would be minimal. 

However, the volume needed to pull a vacuum on the mirror required something larger than a small 

hand pump. To solve this problem the team decided to use a Eureka vacuum cleaner to remove the 

air from the mirror. To utilize the vacuum cleaner the team removed its head and tubing so that the 

handle was open-ended. The handle was then attached to the mirror using duct tape. 

 The team performed initial testing on a mirror that was previously damaged so as not to risk 

destroying the prototype mirror. These first tests were successful and the tested mirror deflected 

parabolically as expected. A secondary test was performed on the undamaged prototype mirror. This 

test produced similar results. When performing the secondary tests, the team directed the mirror’s 

reflection at a hill south of the mirror. The results showed that the mirror was not only deflecting 

sunlight but also focusing it while generating substantial heat. An example of this result can be seen 

in Figure 26. 
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Figure 26: Heliostat prototype mirror focusing sunlight onto a nearby hill 

Brake System 
During the Spring 2007 semester, the team carried out an exhaustive survey of available braking and 

axle-locking systems. QFD methods were used to select the best available system. Given the 

requirements imposed by the predicted wind torques, the most cost-effective of the available 

breaking systems proved to be a particular hydraulic drum-break system marketed for use on heavy 

trailers. One of these drum brakes is shown in Figure 27. 

 
Figure 27: Mounted drum brake system 

One of the key attractive features of the selected system is its ability to maintain brake pressure 

without consuming power. This remarkable ability is facilitated by a special valve system, which the 

team was able to procure. When the brakes are energized by means of a hydraulic pump, they can be 

locked by closing the valve in question and will remain pressurized until the valve is released, even if 

hydraulic pump is shut off. This ability will substantially reduce power consumption of the heliostat 

controls system, as only occasional operation of the hydraulic pump will be required to keep the 

brakes locked whenever the heliostat is not moving. 

The brakes were mounted on the heliostat prototype in Spring 2008. Unfortunately, this was done 

before the brake actuation system was fully examined. As of  this writing, the brakes are still 
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mounted in this manner. To attach the actuation system, the brakes will likely have to be removed 

from the frame; the hookups for the actuation system are on the inside edge of  the brakes.  

Ballast System 

Pump Selection 

The first design of the heliostat ballast system included a single pump and a valve system to 

distribute the ballast to the different tanks. The valve system would have allowed for a single main 

pump, located beneath the ballast tanks and a reservoir tank, to supply all the ballast transport needs. 

This design also helped ensure that there would be no dry operations.  

However, after the team researched further into valve systems, the above design had to be discarded, 

as the quantity and cost of the valves would have greatly decreased the cost savings from a liquid-

ballast system. The team then drafted a new design employing two pumps and no valves. According 

to this design, each pump will transfer water across one axis of rotation. This means that the new 

pumps must be reversible, which was not a requirement of earlier designs. There are only two types 

of pumps that can easily accomplish this feat: lobe pumps and dosing pumps. Dosing pumps are far 

too small for the project’s needs and do not provide required amount of flow between tanks.  

After further research and a comprehensive QFD, the team selected a general reversible DC lobe 

pump. This unit can be mounted inline between two axial tanks and move fluid from one tank to 

the other. It can run at a flow rate of 3 GPM with 15 feet of head, which should be more than 

adequate for the new design. A picture of one of the selected pumps is shown in Figure 28. 

 
Figure 28: Selected pump 

Tank Selection 

Based upon the FEA results, the team estimated minimum required turning moment to actuate the 

mirror. Using this estimation, the team then calculated minimum ballast tank capacities required. 

They concluded that for operation in 35 mph winds, a tank size of at least 7.5 gallons would be 

required. Thus a list of qualified water tanks were chosen to meet the following criteria: over 7.5 

gallons of capacity with low height clearance.  

The team selected the best three candidates from this list and performed a QFD to choose one of 

the tanks. The results from this QFD suggested that a particular fuel tank, which is shown in Figure 

29, would be the most economical and easiest to mount. 
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Figure 29: Selected tank 

  

Tank Modification 

Certain aspects of the stock ballast tank system were not entirely satisfactory. Thus, the team had to 

modify the tanks. They completely redesigned the tank inlet fittings to provide better access to the 

interior of the tank, while simultaneously simplifying the system and reducing leakage. The original 

design also failed to ensure that the inlet nozzles remained submerged in ballast fluid throughout the 

heliostat’s range of motion. Therefore, the new system employed a flexible hose inside the tank with 

a nozzle weight to keep its end submerged and thereby allow it to draw water in all positions. To this 

end, custom toroidal nozzle weights, such as the one shown in Figure 30, were cast out of lead and 

tethered to flexible down-pipe. 

 
Figure 30: Improvised toroidal nozzle weight 

In order to create the needed moment, water must be pumped from tank to opposite tank during 

running conditions. With problems arising in the previous design, the current tank system has been 

reassessed and redesigned. The major modification is to the tanks themselves. Instead of using the 

fittings that came with the tanks, the original fittings have been removed and a new system of PVC 

piping has replaced them. The benefits of this new system include reducing rust and potential 

leakage, as well as giving better access to the internal tank system.  
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The necessity of the tubing having access to the water in the tank at all degrees of rotation has 

always been a problem. The new system applies a flexible joint inside the tank in order to achieve 

360 degree movement to draw water in all positions. Also, a greater amount of weight will be added 

in order to achieve this goal. Lead was cast to create custom weights to be tethered to the tank’s new 

flexible down-pipe. 

The new system has been completed and the only task remaining to test the system to ensure its 

functionality. All four tanks have been mounted on the inside of the inner ring to avoid interference 

with other systems of the heliostat. The new piping and tank mounting fixtures resulted in little 

difficulty of assembly and the modification of the tanks has given them 360 degree water drawing 

potential.   



Reduced-Cost Heliostat Development Proposal Department of Mechanical Engineering 
  New Mexico Tech 

Page 57 of 59 

Appendix F: First Year Tentative Schedule 
Figure 31 contains the tentative schedule for the first year (Spring 2009, Summer 2009, and Fall 2009 semesters) of design and fabrication 

for the reduced-cost heliostat prototype. 

 
Figure 31: First year Gantt chart 
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Appendix G:  Second Year Tentative Schedule 
Figure 32 contains the tentative schedule for the second year (Spring 2010, Summer 2010, and Fall 2010 semesters) of design and 

fabrication for the reduced-cost heliostat prototype. 

 
Figure 32: Second year Gantt chart 
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Appendix H: Sample Budget for Single Heliostat 

Table 16 contains an example itemized budget for the fabrication of a single heliostat 

unit. 

Table 16: Sample Budget for Single Heliostat 

Item Cost Per Unit Quantity Total Cost 

Stick of PVC Pipe (White, 10ft pieces) $6.95 5 $34.75 

Electric / Hydraulic Drum Brake Actuator 569.95 1 569.95 

Right Brake Assembly 59.95 2 119.90 

Left Brake Assembly 59.95 2 119.90 

Brake Drum and Hub 54.95 4 219.80 

Brake Controller 69.95 1 69.95 

Flexible Brake Line 2nd Axle Expansion Kit 39.44 1 39.44 

20' Single Axis Flexible Tubing Kit 56.95 1 56.95 

Can of Metal Primer 4.99 10 49.90 

Can of Red Spray Paint 4.50 10 45.00 

Metal Enclosure NEMA 4/12 132.75 1 132.75 

1 Foot of I Beam 17.50 160 2800.00 

Miles to drive for delivery of I beam 3.50 75 262.50 

NI DAC 1500.00 1 1500.00 

Absolute Encoder 1500.00 2 3000.00 

Total   $9265.79 

 

 


