


Figure 9: Control Room Setup

After some consideration, we decided it would be easiest to keep the controller inside, out of the
elements, and nearby the programming station. In order to do this however, we needed to extend
the cords of the gearhead motor, linear actuator, and sensor to come in through a small opening in
the wall to reach the controller. To do this, we used “quick wire connections” joining additional
lengths and allowing us to connect and disconnect the components with ease. Also, the solar
sensor required that we employ several 475 Q resistors to act as voltage dividers. A representative
diagram for this wiring setup is shown in Figure 10, and Figure 11 displays the specific wiring

required for the sensor alone.
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Figure 11: Wiring Diagram for the Solar Sensor

The sun sensor was initially difficult to work with because of the poorly labeled wiring

diagram that was supplied by the vendor. However, using the one shown in Figure 11, the sensor
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does function well. The only stipulation is that a large light source is needed for testing purposes.
At one point | was attempting to work with a bright LED flashlight, and the sensor did not obtain
very helpful data in the form of voltage differences. All in all, configuring the electronics took

roughly five weeks of the second term.

Programming

Programming and debugging the motor controller was the final step in obtaining a
functional tracking system. To do so, we first downloaded the necessary utilities and drivers from
Pololu’s online resource library. The specific integrated development environment (IDE)
recommended by this company was Atmel’s AVR Studio 4. Using this interface, we were able to
create a script which takes in the analog readings from the sensor and outputs corresponding
motor speeds to the two motors, adjusting the structure’s position until the dish is aligned with the
sun. In addition, we programmed the controller to display certain digital images on an external

display for the benefit of the user.

Figure 12: External Display

19



finclude <pololusorangutan h>

unsigned long preavMillis = 0

int maini)
set_snalog_mnode{MODE_B_BIT): B-bit analog-to—digital coaversions
5 —while (1)
! :ﬁ:i:_?:::?g;f::;:::‘:gﬂgt \ ]” start initial conversion of cloudy seansor
1z{lt}-5pgodﬂ-ﬂ.

10

int mSpesdl=0;
int Cloud=0;
int pot=0

Cloud=analog_conversion_result(). ~sget cloudy result
if (abs(Cloud)>» 50}
15 — { 4 =nter the wvhile loop
start_analog_conversion(0);
vhile (analog 1s_converting())
{

H
pot = analog_conversion_resule(): - get resule ¢ deternines the trimpot position
led_goto_xy(0.1):
print{“P0: ")
print_ lungtpcr::l
print{" "
25 ———————— wSpeedld = put-‘Z =256; #¢ turn pot reading into numbsr betveen -256 and 255
if (aSpeedl == -258)
wSpeadl] = =255; =256 1z out of range
1it:5p==dﬂ == JEE) _
30 Speadl = 255; 256 i= out of range
___‘_——-utnbs(l.ﬁpﬁ:dwt'iul
wSpead )

0; 7 aliminatss iy AE1gn1 ficant motion
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start_analog conversioni(l):
vhile (analog_is_converting())

}

35

led_goto_xy(8.1).:

print("P1:");

print_long{pot):
A ——— prant(” ")

1f (mSpesdl== -256)
nSpeadl = -258%5; -/ -2%6 iz out of range
1f (aSpeedl == 258)
45 nSpead]l = 2585: - 206 i= out of range
:Etab:(nSpeedljclaﬂj
nSpeadl 0: /7 elimipates insignificant motion
=et_notars(15peedﬂ nSpeadl ) ;
led_goto_ x?{D 0j.
——————print ("S0: ")
50 print_ long(nﬁpeedﬂj
print(®
led_goto_ xv{ﬁ 0):
print("Sl:"):
Y ————print_ lnng(lﬁpeedlj.
33 print(” ")

led_goto_xy(0.2):

Dr:nt(;Claugl"}d

primt_ Dng( oud) ;
80 — " print{~ "),

1f (Clowd <100)

print(®™ Overcast®):

elss

int{" B E
655 — T
]'

pot = analog_conversion_result(): < get result ## determine the trimpot position

nSpeadl=s pote. 75-96. .~ turn pot reading into number between -256 and 255

Figure 13: AVR Studio 4 Script for Solar Tracking Capabilities

Figure 13 displays the actual script which is capable of tracking the sun’s movement

throughout the course of a day. Line by line, the script does the following:

Lines 1-3: Loads the necessary file library for the Pololu controller
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Line 4: Sets the analog mode to an 8-bit conversion

Line 5: Enters the while loop to continually take in the inputs and output the commands
Line 6: Begins the initial conversion of the analog reading

Line 7-8: Tells the controller to wait until the controller is done reading the input

Lines 9-12: Sets variables as integers; “mSpeed0” is the motor speed for the linear actuator,
“mSpeedl” is the motor speed for the gearhead motor, “Cloud” is the dark return sensor input,
and “pot” is input readings from the East-West/Up-Down sensors

Line 13: Obtains the dark return sensor input

Line 14: Tells the controller that if that input is too low, then it should not continue tracking
Lines 15-20: Reads the input from port 0 and sets the “pot” for the Up-Down movement
Lines 21-24: Prints the “pot” reading for port 0 on the external display as “P0”

Lines 25-29: Sets the motor speed variable of the linear actuator based on the port 0 reading
Lines 30-31: Prohibits the linear actuator from making very small insignificant changes
Lines 31-36: Reads the input from port 1 an sets the “pot” for the East-West movement
Lines 37-40: Prints the “pot” reading for port 1 on the external display as “P1”

Lines 41-45: Sets the motor speed variable of the gearhead motor based on the port 1 reading
Lines 46-47: Prohibits the gearhead motor from making very small insignificant changes
Line 48: Sets the motor speeds based on the two variable values

Lines 49-57: Prints the motor speeds on the external display as “S0”” and “S1” respectively
Lines 58-65: Prints “Overcast” on the external display if the dark sensor input is too low and the
tracking function has been temporarily disabled

Lines 66-67: Exit the while loops

To program the controller, it first needs to be hooked up to a 12V power supply. Then,
using a USB connector, the controller needs to be linked with the computer and the programming
button on the controller must be held down until a beep sounds and a yellow LED lights up. This
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indicates that the controller has entered the programming mode. With the desired programming
script open, the user must build the script by hitting F7 or clicking the “Build Active
Configuration” button on the top toolbar. If there are any issues with the script, the program will
notify the user at the bottom of the screen in terms of errors and warnings. Next, the user needs to
connect the controller by hitting the “Connect to the Selected AVR Programmer” button at the
top of the screen. In the “Programming” box, the script must be located on the computer and
selected. Lastly, the user needs to click the “Program” button in the box and the controller will
sync with AVR Studio. After turning the controller off and then back on, it should be ready for
action.

Debugging the script was a process in itself. Using Pololu example scripts, we
continually built upon our one single script until the tracking system was performing all necessary
functions. This required quite a bit of time playing around with motor speeds and input values.
For example, one issue we faced was with the output voltage being supplied to the gearhead
motor. If too great a voltage was supplied to it, the timing belt would slip and/or the structure
would go too fast to align itself precisely with the sun. If too little voltage was supplied, the motor
would not have enough power to turn the structure due to resistance caused by wires and hoses.
By adjusting this motor speed several times, we eventually discovered a perfect medium in which
the gearhead motor effectively tracked the sun. Similarly, we also needed to vary the input value
at which the controller would recognize that it was overcast outside, temporarily disabling the
tracking function of the system.

The programming and debugging phase of the project took roughly three weeks to
complete. | would say that this portion was equally, if not more-so, enjoyable than the fabrication
and assembly stage. It was absolutely incredible to see the system come to life after a full 20+
weeks of work. The finished system, with the thermal collection loop also implemented, is shown
in Figures 14 and 15. The true goal of the dual axis tracking system, to effectively reflect the

sun’s thermal energy to a central focal point of the dish, is shown in Figure 16.
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Figure 14: Complete Solar Thermal Dish Collection System
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Figure 15: Functioning System as Monitored from the Control Room

Figure 16: Solar Thermal Receiver in the Focal Point of the Dish
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Furthering the Project

If I were to continue this project, there are certainly some ways to improve the system’s
capabilities. First and foremost, | would extend the power cables to a length that would allow us
to mount the collection system on top of the newly constructed scaffolding on the roof. This
would raise the system up above the atrium roof, extending the slim window of opportunity that
we had to work with this term. Only about 6-8 hours of sunlight hit the lower portion during the
day. To implement this, however, | would first need to weather-proof all of the electrical
components on the system as well as their external connections.

Another improvement | would like to make is that which utilizes the feedback elements
of the gearhead motor and linear actuator. This term, we found that the encoder on the gearhead
motor output a signal which was much too fast for the motor controller to interpret. To fix this
issue, we could purchase a relatively inexpensive encoder interface device which would be
capable of taking in the rapid signals and outputting usable data. Having this feedback data along
with that of the potentiometer, we would be able to plot and analyze the tracking system’s
movements throughout the course of a day. It would then be possible to form factual conclusions
regarding the performance of the machine.

I would also like to improve the rotational drive system. Although it does function as is, it
could be made more robust by implementing a timing belt tensioner. This would certainly
decrease the potential of the belt slipping off of the pulleys and allow us to increase the motor
speed if so desired. Also, I believe that the turntable could be better lubricated to minimize the
level of resistance that the rotational components are forced to overcome.

Lastly, if my partner Kevin Quillinan and I each had a few more weeks, we would
definitely like to obtain an evacuated solar thermal receiver. This would allow us to compare data
sets with other, more basic receiver types to determine how much the device can improve the

system. Analyzing the cost effectiveness of the receiver in different climates would be even more
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ideal, as the convection heat losses would certainly increase in colder environments. This

research would be a very interesting addendum to the project as is.

Conclusions

Overall, I believe this project was a true success. Although Kevin and [ weren’t able to
obtain much experimental data due to various circumstances, we are able to say that we designed
and built a fully functional solar thermal dish collection system. In the upcoming months we will
be presenting our progress at the 2012 Steinmetz Symposium and possibly also at the ASME
International Conference on Energy Sustainability. Kevin and | are both excited that we have
accomplished this much in just two terms, and we look forward to the possibility of continuing

our efforts to obtain meaningful data and conclusions.
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Appendix A: Dimensioned Drawing
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Appendix B: Project Costs

Table 1: Anticipated Bill of Materials

Item Vendor Unit Price Qty. Total Cost
Tracking System

Linear Actuator Pololu $109.95 1 $109.95
Gear-Head Motor Pololu $39.95 1 $39.95
Controller Dimension Engineering $79.99 1 $79.99
Sensor Heliotrack $65.00 1 $65.00
T-Slotted Framing (1-1/2" Sg. x 8') McMaster Carr $60.13 1 $60.13
T-Slotted Framing (1" Sq. x 6) McMaster Carr $19.79 1 $19.79
T-Slotted Framing (1-1/2") Inside 90° Bracket McMaster Carr $4.89 12 $58.68
T-Slotted Framing (1-1/2") Side 90° Bracket McMaster Carr $5.10 8 $40.80
T-Slotted Framing (1-1/2") Pivot Mount McMaster Carr $6.59 2 $13.18
T-Slotted Framing (1") 90° Inside Bracket McMaster Carr $4.56 8 $36.48
T-Slotted Framing (1) Pivot Mount Base McMaster Carr $6.59 2 $13.18
T-Slotted Framing (1") Pivot Mount McMaster Carr $6.59 2 $13.18
Dish Latch McMaster Carr $1.89 4 $7.56
Aerosol Rubber Coating (110z) McMaster Carr $9.91 1 $9.91
Structural Flange McMaster Carr $8.00 1 $8.00
Drive Shaft (.75") McMaster Carr $21.96 1 $21.96
Timing Belt Pully (0.637" OD) McMaster Carr $7.40 1 $7.40
Timing Belt Pully (4.584" OD) McMaster Carr $41.17 1 $41.17
Ball Bearing McMaster Carr $6.28 1 $6.28
Timing Belt (3/8" Width) McMaster Carr $4.20 1 $4.20
Ring-Style Turn Table McMaster Carr $247.16 1 $247.16
Polypropylene Cart McMaster Carr $201.32 1 $201.32
Thermal Collection System

Aluminum Dish Scientifics Online $70.00 1 $70.00
Insulation McMaster Carr $14.52 1 $14.52
SS Tubing McMaster Carr $37.45 1 $37.45
Rubber Tubing (ft) McMaster Carr $2.79 50 $139.50
Heat Exchanger McMaster Carr $207.67 1 $207.67
BBQ paint Sears $7.14 1 $7.14
Pump 1/40 HP PEX Supply $130.00 1 $130.00
15 Gallon Tank McMaster Carr $92.47 1 $92.47
Pipe Insulation McMaster Carr $50.00 1 $50.00
Type K Thermocouple probes Omega Engineering $27.00 5 $135.00
\}v??eFt Roll Type K Thermocouple extension Omega Engineering $89.00 1 $89.00
2 Flow Meters McMaster Carr $216.34 1 $216.34
5- Y inch Ball Valves McMaster Carr $41.60 1 $41.60
Safety Glasses (Welding) McMaster Carr $30.00 1 $30.00
TOTAL $2,365.96
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Table 2: Project Purchases

McMaster
Pololu
Heliotrack
Hardware Stores
McMaster
McMaster

PEX Supply
McMaster
Pololu

Tracking System $784.36
Motors & Controller $350.65
Sun Senor $77.00
Misc. $89.90
SS Tubing $165.51
Tank & Flow Meter $237.20
Pumps $142.00
SS Fittings, etc. $368.14
Replacement Wire $15.90

Total Amount Spent $2,230.66

Remaining Funds $769.34

RDW
DH
DH
EL
RDW
RDW
RDW
RDW
EL
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Appendix C: Tracking Components

Pololu Linear Actuator and Potentiometer:

@polﬁﬁrc’:l;

ttp://www.pololu.com/catalog/product/2313

Pololu Gearmotor and Encoder:

ttp://www.pololu.com/catalog/product/1447

McMaster Carr Timing Belt and Pulleys:

D)

)

http://www.mcmaster.com/#
Item #’s:  6495K733

6495K711 1679K29

Heliotrack Solar Sensor:

http://heliotrack.com/Products.html

Dimension Engineering Dual Motor Driver:

http://dimensionengineering.com/Sabertooth2X12.htm
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Appendix D: Detailed Drawings
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Figure 2: Flange for Drive Shaft
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Figure 6: Support Brace for Motor Mount
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Figure 7: Assembled Motor Mount
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