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ABSTRACT 

 

This project has been initiated and delegated to our Senior Design Team of Florida State 

University’s Mechanical Engineering Program by Siemens Energy in order to investigate a more 

effective, simplified preventative maintenance technique incorporating the use of Infrared 

Technology. Siemens has expressed their interest in a conceptual design of a Wireless Infrared 

Monitoring System that will monitor fossil fuel power plant equipment for problematic 

operation. They wish for this designed system to ultimately reduce costs through replacement of 

existing thermocouples used for temperature monitoring as preventative maintenance. A 

conceptualized system has been designed and consists of three major subsystems: the Monitoring 

System, the Power System, and the Mounting System.  The Monitoring System is comprised of 

the infrared camera, pan tilt module, microcomputer and wireless adapter. The infrared camera 

will survey selected targets thoroughly, precisely, and without interfering with the equipment. 

The pan tilt module will control the camera’s position allowing it to target a wide range of 

equipment thus reducing the need for numerous systems. The microcomputer will control the 

camera and pan-tilt module as well as filter and package the infrared data to be sent wirelessly 

via an adapter to the control room. The Power System will consist of an accurately sized solar 

panel, charge controller, battery, and inverter to properly power the system throughout the 

systems lifetime making it self-sustaining. Finally, the Mounting Structure will consist of a pole, 

weather enclosure, supports, and fasteners necessary to house, secure, and protect all the 

monitoring and power components from the elements.  Each of these three major subsystems and 

subsequent components must be integrated correctly for each of their respective functions to 

contribute to the final success of the system. This report will break down the manufacturing 

economics, and reliability of our system design. [1]
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I. INTRODUCTION 

Currently, power plants use a large network of thermocouples and local vibration 

monitoring devices to capture temperature and vibrational data of operating equipment. The 

thermocouples only measure a small local area. Therefore, numerous thermocouples must be 

individually tapped to each location that needs to be measured. Thus, there must be thermo-wells 

drilled into any protective casing or piece of equipment that necessitates temperature readings. 

The thermocouples are then wired to a local junction box, and then through underground conduit  

all the way back to the control room. The data is used to determine pre-explosive or pre-failure 

conditions indicative of necessary maintenance in order to prevent major power plant outages. 

This is called preventative maintenance and is critical in power plants lifetimes after about 10 

years. All of these individual systems are invasive, costly, and complicated to implement and 

beckons for consolidation, simplification, and improvement.  

Siemens, as an energy service provider, is interested in investigating a more simplified 

and effective preventative maintenance technique. Specifically, they are interested in exploring 

the use of infrared technology. Infrared cameras can be utilized to monitor the temperature of 

operating equipment, enabling it to diagnose potential problems long before other traditional 

systems. The cameras are also noninvasive and do not require equipment interference.  

Siemens Energy has initiated this project to explore incorporating this technology in a 

conceptual design of a Wireless Monitoring System to improve their preventative maintenance 

service. This project has been delegated to our team to find a plausible system solution to the 

following goal statement and four objectives. [2]
 

 

“Design a proposed complete system that can monitor a wide range of equipment for 

problematic operation.
”
  

 

1. Decrease equipment interference on operating systems. 

2. Create cost savings through the elimination of need for numerous existing systems. 

3. Decrease manual work needed for preventative maintenance. 

4. Design a stand-alone system that does not consume any plant power. 

 

The following table, Table 1, captures the design constraints of this project set forth by Siemens. 

[2]
 

Table 1. System Constraints. 

Subject Descriptor Constraint 

Location Exclusively Fossil Fuel Power Plants 

Lifetime At least 30 years 

Monitoring Type Thermal Imaging, up to 300°C 

Power Source Solar Harvesting 

Battery Storage At least 3 days 

Communication Wireless 300m 

Communication Protocol HART  

Compliance Code NERC, IBC2006 

Weatherproofing Rating IP55 

Movement Range 360° in horizontal, 90° in vertical 

System Cost Maximum $20,000 
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Prototyping Budget Maximum $3,000 
 

Table 2. IBC2006 Code. 

 

 

 

 

 

 
 

The testing site that will ultimately implement this product is a 2x1 combined cycle 

power plant called Richard J. Midulla. It is owned by Seminole Electric and provides about 

810 MW to Hardee County, Florida. [3] The plant is almost 15 years old and at the height of 

its maintenance period. A layout of the site can be found in Appendix 4.  

 

Seismic Loading 

Occupancy Category III 

Site Class D 

Ss = 0.41g, S1 = 0.19g 

Wind Loading 
V3s = 100 mph 

Exposure C 

Rainfall 5”/hr for 1 hr in a day 

Ambient 0-110°F 
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II. DESIGN FOR MANUFACTURING 

  
Figure 1. Exploded View of System. 

 

Please refer to Appendix 6 for exploded views and drawings of the full system and 

subassemblies. An exploded view of our system model can be seen in above in Figure 1. 

Following is a step-by-step procedure for assembling the system. Total assembly time is 

approximately 4 hours assuming all individual components were tested and functioning 

beforehand. 

 

1. Cut track stock and strut channel stock into two 17.5”, 38.0”, and 38.8” pieces. See 90° 

Track Dimensioned Drawing in Appendix 6. 

2. Using simple trigonometry, the length of the final set of 90° track pieces can be 

determined and cut so that the angle equals the local latitude of implementation. For 

example, for a solar panel tilted at 30°, the final set of 90° track pieces should be cut to 
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17” and secured at an angle of 60 degrees from the 17.25” vertical track pieces as seen in 

Figure 2. 

3. Cut the strut channel stock into two 18” pieces. See Strut Dimensioned Drawing in 

Appendix 6. 

4. Assemble two A-frames of the solar mounting structure, Figure 2, using cap screws, nuts, 

and washers to ensure stability. 

5. Connect two assembled A frames with two 38.8” struts according to Solar Mounting Sub-

Assembly in Appendix 6. 

 

Figure 2. Solar Mounting A-Frame. 

 

6. Mount the solar panel to the 90 degree track utilizing the 4 mounting holes on the back of 

the solar panel using the given mounting screws and nuts. 

7. Place pan tilt motor on the wall bracket and secure. See Figure 3. 

8. Mount infrared camera to pan tilt splint using given bolts and washers. 

 

 

 

Figure 3. Pan Tilt Assembly Schematic. 
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9. Take the manufactured pant tilt mounting bracket and secure it to the pan tilt arm via the 

given screws, nuts, and washers. See the pan tilt sub assembly drawings in Appendix 6 

for reference and Figure 3. 

10. Run the camera and pan tilt wires through the inside of the pan-tilt mounting arm and out 

of the mounting bracket but leave enough slack to allow the pan tilt module to full move. 

11. Take the 18” pieces of strut channel and secure to the back of the weather enclosure using 

the given cap screws, nuts, and washers given. Take care in ensuring that the flat side of 

the track is flush with the back of the enclosure.  

12. Using, the enclosure sub assembly drawing in Appendix 6, orient the electronic 

components to fit within the enclosure. Run all necessary component wires through the 

punch outs and ½” conduit conductor located at the bottom of the enclosure. 

NOTE: Locate weather enclosure and solar panel appropriately before securing to the pole 

with U-bolts. In general, the enclosure should be mounted as close as possible to the pant 

tilt/camera and the solar panel should be as high as possible. 

13. Slide the strut channel clamps onto the strut channel located on the back of the enclosure. 

14. Use the given clamp screw and nut to close the clamps and secure the enclosure mount to 

the central pole. This can be seen in the detailed view on sheet two of the enclosure 

subassembly drawing in Appendix 6. 

15. To secure the solar and pan tilt mounts to the mounting pole, use the given U-bolts, nuts, 

and washers.  

 

NOTE: Make sure that all of the mounted components are secured tightly to the back of each 

mounting subsystem. Please reference the full assembly drawings in Appendix 6 before 

proceeding with circuit setup. 

 

16. Connect Microcomputer, ATX Power Supply, hardrive, and accessories according to 

Tiger Reference Manual for assembling the microcomputer components. [4] 

 

NOTE: the keyboard, computer screen, mouse, and CD-ROM drive are not necessary 

components to run this system, only for initial programming. 
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Figure 4. Microcomputer Setup.  

 

17. Plug the ATX Power Supply input power cord into the Samlex Inverter. 

18. Connect the spliced Pan Tilt RS-485/serial cable to one of the serial ports on the 

microcomputer’s breakout board. [5] 

19. Connect the pan tilt power cable to the Mains Adaptor, see Figure 5 below and see Axis 

Communication’s PS-24 Mains Adapter Installation Guide. [6] 

 

 
Figure 5. PS-24 MAins Power Adaptor. 

 

20. Plug the Mains Adapter input power cable into the Samlex Inverter. 

21. Connect the POE Cable to the GigE (port 5 on Figure 6) on the camera and connect the 

other end to the POE Splitter Ethernet port. Refer to FLIR User Manual. [7] 

22. Connect Ethernet cable from the microcomputer breakout board, to the LAN output of 

the POE Splitter. 
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Figure 6. FLIR Camera ports. 

 

NOTE: Refer to xEco-Worthy MPPT Solar Charge Controller Guide and Figure 7 for steps 

23 to 28. [8] 

 

 
Figure 7. Power System Assembly. 

 

23. Connect Battery cables to charge controller. 

24. Wire 12VDC POE Splitter and Inverter power cables in parallel to ‘Load’ terminals on 

charge controller. Refer to Inverter user Manual for directions. [9] 

25. Connect Solar Panel to charge controller. 

26. Switch on battery. 

27. Enter in the following values on the Charge Controller LCD Display using the +- buttons 

for the system setup [8] 

a. System Voltage: 12V 

b. Over Charge Voltage Setting: 14.6V 

c. Float Voltage Setting: 13.7V 

d. Discharge Protection Setting: 10.8V 

e. Discharge Restart Voltage Setting: 11.3V 

f. Output Mode: Mode 2 (Always On) 
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28. Ensure home screen is reading the appropriate values for the current conditions, see 

Figure 9. 

 

 
Figure 8. Charge Controller LCD Legend. 

 

III. DESIGN FOR RELIABILITY 

Our system is designed to be running continuously on 2-minute power cycles followed by 

10 minutes sleep cycles. Once initialized and executed, the system should run autonomously and 

uninterrupted until maintenance or troubleshooting is necessary.  The lifetime of our system 

should hold up to 30 years however the battery is calculated to last 6.15 years before replacement 

is needed. In addition, the solar panel has a lifetime of 20 years before the solar cells begin to 

degrade. Therefore, our system should perform up to 15 years of its lifetime with proper battery 

maintenance. The second half of its life however, the operator may begin to see some solar 

power and efficiency losses. If this is detrimental to the systems performance, the solar panel 

could be replaced. Please see Appendix 2 for Power System Simulation and Analysis. 

The largest concern for our system aside from, eventual lifetime degradation are 

described in A Failure Mode Effect and Analysis (FMEA) table on the following page. Some of 

the weather constraints showed in Table 1 in the Introduction, are very tumultuous conditions 

(100 mph wind, 5” rain for 1 hour period, and 0-110°F temperatures). The system is designed to 

be modular to allow for easy installation and removal. In order to avoid damage, the plant owner 

should disassemble and store the 3 subassemblies in any case of bad weather. Pest can reduce the 

longevity and performance of this system. Nesting can cause harm when considering the pan-tilt 

arm, solar panel, enclosure, or hand hole of the pole. A pest nesting within the enclosure can 

cover important electronics with nesting debris and chew away at the equipment. Some of the 

damaged items will require replacement if chewed on or allowed to overheat. The potential 

problems can be easily abated through pesticides and regular inspection. Improper installation 

can result in premature product failure. In general, it should be ensured that all installation 

guidelines are followed and necessary precautions taken. Corrosion is also a concern but can 

easily be mitigated with proper maintenance and application of ANSI 61 paint to exposed carbon 

steel components. Finally, system location is integral to performance and safety. The switchyards 

are very high voltage areas and can present a danger of arcing when something is located poorly. 

Also, the HRSG and transformers are very high temperature components whose heat can greatly 

increase the local ambient temperature. Appendix 4 details the recommended system locations 

that are ultimately up to the operator/owner. 
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Table 3. Failure Mode Effect and Analysis. 
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In order to decrease concern over mounting system stress, wind and force loading was 

performed in Comsol. The resulting wind loading analyses are shown in Table 3. These values 

were determined utilizing the FEA software. The solar, pan-tilt, and enclosure subassemblies 

were oriented such that their largest surface was acted upon by the wind. The projected areas 

(EPA) of each subsystem can be found in Table 4-3A in Appendix 3. The nominal wind velocity 

was assumed to be a 150MPH with the flow being parallel to the ground. The velocity of 150 

MPH encompasses the constraint of 100mph plus a 1.5 gust (safety) factor. A pressure 

distribution over the solar panel can be seen in Figure 9. 

 
Table 4. Drag Force and Components. 

Enclosure 

Subsystem 

Pan-Tilt 

Subsystem 

Solar 

Subsystem 

225.22 lbf 68.39 lbf 76.71 lbf 

 

 

 
Figure 9. Wind Analysis on Solar Panel. 

 

These drag forces were used to calculate the ground moment to ensure the pole was 

properly selected. Each individual component, including the pole itself contributes some net 

moment on the structure where it meets the ground.  Table 4 shows the moment created from the 

wind load of each of mounted subsystems.  
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Table 5. Ground Moment Calculation. 

Values 
Enclosure 

Subassembly 

Pan-Tilt 

Subassembly 

Solar 

Subassembly 

NET M 

(in*lbf) 

Wind Moment 3,603.52 2,735.6 4,986.2 
11,612.12 

Weight Moment 568.05 -480.70 199.5 

 

In summary, if the pole is to be buried at least 3 feet into concrete foundation with 6 feet 

being above grade. It is recommended however that the pole be fixed to existing structure so that 

there are several fixing points. This will disperse the forces experienced more evenly. 

To ensure that the selected fasteners meet the demands of the system, loading simulations 

were conducted on the U-bolt and cap screw. In summary, both the U-bolt and the cap screws 

were loaded with the nominal shear and tensile loads expected from the enclosure and its 

mounting components. The loads caused by the enclosure and its contents were selected for 

simulation because they are the largest with a combined weight of approximately 82lbf. This 

force is shared between 4 cap screws and 2 U-bolts. The cap screw was tested with a shear load 

of 25lbf which is the approximate shared load expected from the enclosure assembly. This 25lbf 

load was placed at 0.5” from the base of the cap to simulate where the load of the enclosure acts 

on the screw. This simulation is shown in Figure 10 and shows a maximum Von Mises Stress of 

5.115 ksi located near the base of the cap in red. When comparing this to the shear strength of 

stainless steel, the safety factor is 8.2. This high safety factor is completely sufficient enough. 

 

 
Figure 10. Cap screw under nominal 25lbf load. 

 

The U-bolt selected for this project was cut in half for simulation. The applied shear load 

was once again 25lbf because the weight is shared by two U-bolts and each U bolt is simulated in 

half. Thus the load was split into 4. This shear load is applied centrally on the threads of the U-

bolt. In contrast with the cap screw simulation, the U-bolt is also loaded in 45lbf of tension 

acting on each half of a U-bolt. This value was selected because it is more than enough tension to 

secure the weight of the enclosure assembly to the steel pole without allowing slip. After running 

the simulation seen in Figure 11, it was determined that the U-bolt would experience some small 

deformation as it was tightened due to a peak Von Mises Stress of 41.35 ksi. However the 

reaction forces acting on the U-bolt by the strut channel would ensure that the U-bolt maintains 

its shape. See Appendix 3 for more Final Design Analysis tables. 
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Figure 11. Half U-bolt simulated under nominal tension and shear. 

 

To further ensure reliability of the mounting system, the 6ft, 2” O.D. carbon steel pole 

was compressively loaded with the tension required to hold each of the mounting subsystems in 

their proper place (Figure 12).  That is, the solar panel U-bolts compress the pole with a 

minimum load of 28.5 lbf, the pan-tilt subassembly imposes a 25.3 lbf load, and the enclosure as 

mentioned previously, imposes a 90lbf load. In these simulations, it is assumed that the U-bolts 

and adjacent mounting items only touch the pole in two places. These locations of contact are 

assumed to be on opposite sides of the pole. In summary, the steel pole experiences no 

significant amount of stress due to the tension of the U-bolts on its surface. In fact the maximum 

simulate Von Mises Stress experienced by the pole is only about 0.04 psi. 

 

 

 
Figure 12. Steel pole compressed with subsystem loads. 
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IV. DESIGN FOR ECONOMICS 

The economics of this project, although seeming like an obstacle at first, was not a 

limiting factor. The price point that our sponsor believed would make our system economical 

was at $20,000. This became our design budget. Anything over was assumed to not be an 

economical replacement of the existing techniques. The budget then acquired for the prototype 

was $3000. This large discrepancy was due to the fact that Siemens is mainly focused on a 

conceptual design and therefore is interested in a proof of concept prototype in lieu of an 

economically viable representation of our design. With this small proof of concept budget, it was 

decided to only prototype and procure the power system and monitoring system components. 

Below in Figure 13 is a comparison of our Design and Prototype Costs and Remaining Budgets. 

As you can see, both systems were under budget. The system design only uses 67% of the given 

budget while the prototype used 87%.  A full list of components and costs can be found in 

Appendix 5: Bill of Materials. 

 

Figure 13. Design vs. Prototype Budgets. 

 

Figure 14 demonstrates the cost breakdown of the expenditures for the designed system 

and the prototype. The most expensive component of the designed system was by far the FLIR 

infrared camera costing about  $10,115.61. The microcomputer and accessories then come in at 

10% of costs with the pan-tilt module following at 5%. This goes along with what was 

previously mentioned about how the monitoring system was the focus of this project. These three 

components are the prime electronics of our system and were selected with accuracy. The caliber 

of these instruments is what separates our designed system from multiple systems already on the 

market. A comparison between the subsystem costs can be seen in Figure 15. In our prototype, 

since the camera was lent to us without cost, the most expensive component was the 

microcomputer and associated accessories. Overall we still had 12% of our prototype budget 

remaining at the end of procurement. 
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Figure 14. System Design and Prototype Cost Breakdown. 

 

 

Figure 15. Design Sub-System Costs. 

 

Below, in Figure 16, is a comparison of our system design cost to similar market options. 

A to Z Security provides some of the most Solar Power Wireless Security Systems on the market 

with varying scopes and prices. The system most similar to ours however is the Thermal Security 

Camera System (SS-TIRC). [10] It is a fully stand alone power system with an infrared camera 

but does not come with mounting equipment or battery storage. The 2MccTV Sony Network 

Camera System came in at a similar price of $9,502.21 but came with battery storage and 

mounting but lacked an infrared camera. [11] Finally, the EcoKIT by MOOG was an interesting 
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market comparison because it too was very experimental by incorporating a wind power 

generator with the solar panel. This system, although complex, was the cheapest found but its 

price of $5,173 did not include mounting or an infrared camera. [12] In conclusion, although our 

system is more expensive than available market options at $13,392.22, it is one of a kind. No 

market option currently offers and Solar Wireless Infrared Monitoring System that is capable of 

high temperature substation monitoring. All systems found were purposed for mid-level 

surveillance and required further purchase of accessories.  

 

Figure 16. Market Competiveness. 

 

V. CONCLUSION 

The goal of this project was to design a Solar Wireless Infrared Monitoring System that 

could monitor the temperature of selected targets without interfering with the equipment, and 

consuming auxiliary power. A system was successfully designed that created a cost saving from 

the existing preventative maintenance techniques. The designed system also decreased the 

amount of manual labor needed to install and carry out equipment monitoring. This designed 

systems consisted of three subsystems; the Monitoring, Power, and Mounting System. A proof of 

concept prototype was created for the power and monitoring system. Both systems were 

procured, assembled, programmed, and tested. The final system product is a solid feasible design 

however there is room for optimization both technically, and economically. It is recommended 

that this project is continued another year for further optimization. More testing could be done on 

the power system and a better match between the solar panel and battery storage could be 

designed in order to decrease overall capacity. In addition, further programming work can be 

done to implement an alarm program and more detailed GUI for the operator. The programming 

could also be simplified more thorough investigation of other control methods. Finally, it is 

believed that the system could overall be made more economical through optimizing the total 

electronic circuit.  
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APPENDIX 1: COMPONENT SPECIFICATION DATASHEETS 

A. INFRARED CAMERA 
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B. PAN-TILT MODULE 
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C. MICROCOMPUTER  
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D. WIRELESS COMMUNICATION  

  

Performance & Use

†

N600 WiFi Dual Band USB Adapter  

Overview

The NETGEAR N600 Wireless Dual Band USB Adapter wirelessly connects your notebook or desktop computer to a Wireless- N network 

for applications, such as HD video streaming, online gaming, a secure and reliable connection to the Internet. NETGEAR genie® is included 

for easy installation. WiFi dual band technology avoids interference for reliable connections. With the NETGEAR Push 'N' Connect feature, 

enjoy a secured wireless Internet connection, at the push of a button.

The NETGEAR Dif erence -  WNDA3100

® genie®

STEP 1

Install CD and push the but t on 
on the adapt er

STEP 2

Push the Push ‘N’ Connect  
but ton on the router

STEP 3

Secure wireless connect ion 

A secured connect ion at  the push of  a but t on1

PUSH ‘N’ CONNECT—WPS

1 Works with devices supporting Wi-Fi Protected Setup® (WPS).
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E. MPPT CHARGE CONTROLLER  
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F. INVERTER  
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G. POE SPLITTER 
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H. SOLAR PANEL  
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I. BATTERY 
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APPENDIX 2: POWER SYSTEM HOMER ANALYSIS 
 

 
Figure 17. Daily Load Profile Input. 

 

 
Figure 18. Solar Resource Input. 
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Figure 19. PV Panel Settings. 

 

 
Figure 20. Battery Selection, Specification, and Settings. 
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Figure 21. Optimization Results of 150 W Panel with 2 55 Ah Batteries. 

 

 

 
Figure 22. Photovoltaic Output Analysis over 1 year. 
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Figure 23. Battery Analysis: State of Charge Simulation over a year. 

 

 
Figure 24. System Charge and Discharge Analysis over 7 days. 
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APPENDIX 3: FINAL SYSTEM ANALYSIS 

 

WIND FORCE SIMULATION RESULTS 

COMPONENT FRONT BACK TOP BOTTOM RIGHT LEFT NET FORCE 

  lbf lbf lbf lbf lbf lbf lbf 

Camera 28.44 12.00 0.05 0.04 0.02 0.03 40.57 

Pan-Tilt 19.80 7.90 0.03 0.02 0.04 0.03 27.81 

Enclosure 55.76 20.55 0.10 0.11 0.10 0.09 76.71 

Solar Panel 84.04 112.62 12.95 15.55 0.03 0.03 225.22 

 

 

WEIGHT MOMENTS ON POLE 

 Pan-Tilt Mount: 25.3 lbf 

Pan-Tilt x-dist: -19 in 

Pan-Tilt Moment: -480.7 lbf*in 

Solar Mount: 28.5 lbf 

Solar x-dist: 7 in 

Solar Moment: 199.5 lbf*in 

Enclosure Mount: 81.15 lbf 

Enclosure x-dist: 7 in 

Enclosure Moment: 568.05 lbf*in 

NET Moment 286.9 lbf*in 

 

 

WIND MOMENTS ON POLE 

Pan-Tilt Mount: 68.39 lbf 

Pan-Tilt Y-dist: 40 in 

Pan-Tilt Moment: 2735.6 lbf*in 

Solar Mount: 76.71 lbf 

Solar Y-dist: 65 in 

Solar Moment: 4986.2 lbf*in 

Enclosure Mount: 225.22 lbf 

Enclosure Y-dist: 16 in 

Enclosure Moment: 3603.52 lbf*in 

NET Moment 11325.27 lbf*in 
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CAP SCREW SAFTEY FACTOR & SIM 

UTS: 70,000 lbf/in^2 

Minor OD: 0.24 in 

Area: 0.046 in^2 

shear_SIM: 5115 lbf/in^2 

shear_UTS: 42000 lbf/in^2 

 Safety Factor N: 8.2   

   

   U-BOLT SAFTEY FACTOR & SIM 

UTS: 70,000 lbf/in^2 

OD: 0.313 in 

Area: 0.076 in^2 

shear_SIM: 41350 lbf/in^2 

shear_UTS: 42000 lbf/in^2 

N: 1   

   

   ENCLOSURE U-BOLT TENSION 

Static Friction: 0.5   

Weight: 90 lbf 

Units: 2   

sim_weight: 45 lbf 

Min_4_Tension: 45 lbf 

   PAN-TILT U-BOLT  TENSION 

Static Friction: 0.5   

Weight: 25.3 lbf 

Units: 2   

sim_weight: 12.65 lbf 

Min_4_Tension: 12.65 lbf 

   SOLAR U-BOLT  TENSION 

Static Friction  0.5   

Weight: 28.5 lbf 

Units: 2   

sim_weight: 14.25 lbf 

Min_4_Tension: 14.25 lbf 
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APPENDIX 4: PROPOSED LOCATIONS 

 

1

2

3

4
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APPENDIX 5: BILL OF MATERIALS 

Design Cost 

Component Selection Vendor (Part) Quantity Cost 

Infrared Camera FLIR A310F 25deg Spectrom Group (61201-1103) 1  $10,115.61  

Pan Tilt Axis Communications YP-3040 Surveillence Video  (Axis 5502-461) 1  $446.43  

AC Adapter Axis PS24 Adapter Surveillence Video (Axis 5000-001) 1  $135.43  

Pan Tilt Arm Axis Communications Surveillence Video (Axis 5502-471) 1  $43.92  

Microcomputer Versalogic VL-EPM-24SU DigiKey (1241-1006-ND) 1  $891.00  

Breakout Paddleboard Versalogic VL-CBR-5012 DigiKey (1241-1081-ND) 1  $66.00  

ATX Power Adapter Versalogic VL-CBR-1008 DigiKey (1241-1041-ND) 1  $33.00  

LVDS to VGA Adapter Versalogic VL-CBR-2014 Digikey (1241-1000-ND) 1  $100.00  

2.5" IDE DRIVE CABLE Versalogic VL-CBR-4406 DigiKey (1241-1083-ND) 1  $28.00  

IDE Adapter Board Versalogic VL-CBR-4405 DigiKey (1241-1084-ND) 1  $34.00  

20" 24-BIT LVDS CABLE Versalogic VL-CBR-2012 DigiKey (1241-1001-ND ) 1  $41.00  

Solar Panel Renogy 150W 12V Mono Renogy-150D 1  $219.99  

Solar Panel Cables Renogy 16 ft 12 AWG Cables Renogy (TRAYCB016FT-12 1  $22.99  

Solar Cable Adaptor Kit  Renogy 10 ft Cable Adaptor Renogy (AK-10FT-12) 1  $20.99  

Charge Controller 20 A MPPT  EcoWorthy (MPPT20-1) 1  $102.00  

Battery AJC 100Ah 12V AGM Battery Battery Clerk (AJC-D100S-J-0-140935) 1  $179.00  

Inverter Samlex America 150W Inverter Supply (SA-150-112) 1  $148.47  

Wireless Adapter A6100 Netgear Wi-Fi adapter Walmart (551928248) 1  $36.40  

POE Splitter POE Splitter, 1 Port Primus Cable(NT1-3195-R) 1  $23.19  

Memory Module 2GB, Standard Temp not purchased 1  $35.00  

ATX Power Supply 200W Enlight (HPC-300-101) 1  $32.99  

IDE Hardrive CD RW / DVD ROM  not purchased 1  $60.00  

Serial Communication 
Cable RS 232 9 pin not purchased 1  $45.90  

Mains Power Cable 120VAC 16 AWG Cable not purchased 1  $7.99  

Pole Low Carbon Steel, 6 Ft,  2in OD McMaster (7767T57) 1  $108.86  

Weather Enclosure Electronics Enclosure LCOM (NB181608-00V ) 1  $240.25  

Strut Channel 120 in, Zn PLATED  McMaster (3310T212) 1  $34.68  

Strut Channel Pipe Clamp 2 in OD, Zinc Plated McMaster (3115T19) 2  $2.04  

Ubolt 2 in OD Pole U Bolt McMaster (8896T129-A) 4  $4.64  

Pan Tilt Mounting Bracket Machined Custom 1  $50.00  

Solar Panel Mount Solar Panel Mounting McMaster (Solar-1) 1  $100.69  

90 Deg Track 72 in, Zn Plated McMaster(8968K27-17.5in) 3  $20.43  

Cap Screw 5/16-18 in, 316 S.Steel, 10 pk McMaster (93190A583) 3  $4.56  

Hex Nut 5/16-18 Zn-Al Coated Steel, 100 pk McMaster (93827A219) 1  $9.74  

Washers .375in ID, .875in OD, Steel, 100pk McMaster (90108A415) 1  $4.67  

Total    $13,392.22  
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Remaining Budget    $6,607.78  

 

 

Prototype Cost 

Component Selection Vendor (Part) Cost 

Infrared Camera FLIR A655sc Dr. Oates  $-    

Pan Tilt Axis Communications YP-3040 Surveillence Video  (Axis 5502-461)  $446.43  

AC Adapter Axis PS24 Adapter Surveillence Video (Axis 5000-001)  $135.43  

Pan Tilt Arm Axis Communications Surveillence Video (Axis 5502-471)  $43.92  

Microcomputer Versalogic VL-EPM-24SU DigiKey (1241-1006-ND)  $891.00  

Breakout Paddleboard Versalogic VL-CBR-5012 DigiKey (1241-1081-ND)  $66.00  

ATX-EPM Power Adapter Versalogic VL-CBR-1008 DigiKey (1241-1041-ND)  $33.00  

LVDS to VGA Adapter Versalogic VL-CBR-2014 Digikey (1241-1000-ND)  $100.00  

2.5" IDE Drive Cable Versalogic VL-CBR-4406 DigiKey (1241-1083-ND)  $28.00  

IDE Adapter Board Versalogic VL-CBR-4405 DigiKey (1241-1084-ND)  $34.00  

24-BIT LVDS Cable Versalogic VL-CBR-2012 DigiKey (1241-1001-ND )  $41.00  

Solar Panel Renogy 150W 12V Monocrystalline Renogy-150D  $219.99  

Solar Panel Cables Renogy 16 ft 12 AWG Solar Cables Renogy (TRAYCB016FT-12  $22.99  

Solar Cable Adaptor   Renogy 10 ft Cable Adaptor Renogy (AK-10FT-12)  $20.99  

Energy Analyzer Renogy 150A High Precision Analyzer Renogy (TrcrMtr-MT-150)  $38.99  

Wireless Adapter A6100 Netgear Wi-Fi adapter Walmart (551928248)  $36.40  

Charge Controller 20 A MPPT  EcoWorthy (MPPT20-1)  $102.00  

Battery AJC 100Ah 12V AGM Battery Battery Clerk   $179.00  

Inverter Samlex America 150W Inverter Supply (SA-150-112)  $148.47  

Mains Power Cable 120VAC 16 AWG Cable Home Depot  $7.99  

Shipping  $34.85  

Prototype Total  2,630.45  

Remaining Budget  $369.55  
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APPENDIX 6: EXPLODED VIEWS AND DRAWINGS 
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