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[bookmark: _Toc355165430]Introduction
[bookmark: h.30j0zll][bookmark: _Toc355165431]1.1 Statement of purpose:
This project was chosen because sometimes the current laptop cooling pads are either too large in size or not effective enough. The heat is a great enemy against high performance computers and a highly efficient portable cooling pad can be a solution to this. We come up with an idea of a heat finding and trace system. 
[bookmark: h.1fob9te][bookmark: _Toc355165432]1.2 Goals: 
1 Be able to find the heat source automatically. (Automatic heat finding system can help the cooling pad to find the hottest point on the laptop which can improve the efficiency greatly.)

2 Be able to change and display the speed of the fan according to the temperature of the heat source. (we use the average temperature of the sensors to be our temperature reference and use a PID control system to control the fan speed)

[bookmark: h.3znysh7][bookmark: _Toc355165433]1.3 Functions:
· LCD display of fan speed and temperature
· Heat sensors that can keep trace of the heat source
· Moveable tracker motor which can take the fan to where the hot spot is
[bookmark: h.2et92p0][bookmark: _Toc355165434]1.4 Benefits:
· This cooling pad is suitable for various model of laptops
· It saves more material by operating with only one small fan
· The control system make the whole system more efficient
· Saves energy by utilizing with only one fan
[bookmark: h.tyjcwt][bookmark: _Toc355165435]1.5 Features:

· Fan RPM range: 200~600 RPM
· Smart PID feedback fan speed control
· Consist of two track for moving of the fan, one vertical, the other one horizontal
· With Grove IR sensors to detect the temperature
· Using ATmega328 as the micro-controller
[bookmark: h.3dy6vkm]
[bookmark: h.1t3h5sf][bookmark: _Toc355165436]1.6 block diagram

[image: ]
Figure1: Block Diagram


[bookmark: _Toc355165437]Design
[bookmark: h.4d34og8][bookmark: _Toc355165438]2.1 Block description
[bookmark: h.2s8eyo1][bookmark: _Toc355165439]Power supply
110V port would be our power supply. We’ll be using an AC to DC converter that would convert 110V to 12V. 

The step-down voltage regulator is used to power the ATmega328. Because ATmega328 is powered by 5V power supply, we need to convert the 12V coming out of the AC to DC converter to 5V. Motor drivers will be powered by both 5V and 12V power supply. 

[bookmark: h.17dp8vu][bookmark: _Toc355165440]Controller System
The ATmega328 is powered by 5V power supply. It takes input from four infrared sensors and bumpers and gives output signals to three different motors and the LCD panel. It would control the fan motor by pulse-width-modulation (PWM) through a PID algorithm. The signal it sent out to the fan would be amplified by an H-bridge. It would adjust the fan’s speed according the temperature. The ATmega328 would determine the hotspot’s location through four infrared sensors located beside the fan. It also decide if the fan meets the edge of the frame.

To prevent our fan from crashing into the walls of our aluminum case, we added four bumpers on each side of our fan. The track motor would stop moving when the bumper detects a wall ahead. When the bumper is in contact with the wall, it would send a signal to our ATmega328 telling it to stop the motor.

[bookmark: h.3rdcrjn][bookmark: _Toc355165441]Electronic components
Motor 1 & 2 would take input signals from the H-Bridge SN754410NE. This chip takes power supply the microcontroller which is 5V. These two motors will be stepper motors and will be used to control the position of the Fan. 

The Motor Drive 1 & 2 will depend on the type of Motor 1 & 2. As long as we used the 4-wire bipolar stepper motor we will use the chip H-bridge SN754410NE as the Driver. The motor supply will be the 12V supply from the external voltage supply.

We’ll be using the H-bridge SN754410 to power the fan’s motor (motor 3). Originally we planned on using an amplifier to power the fan, however, the power output of such an amplifier won’t sufficient our need for our fan. Therefore, we switched from the voltage amplifier to a H-bridge chip.

Originally we tried to use the TMP006 chip as our Temperature sensor. It can output a digital signals to our microcontroller with an error less than 1°C.  However, as the size of this chip is quite small, it makes it quite hard to solder. We have finished solder one chip and the error in the temperature is quite singnificant (swing from 20°C to 30°C). So we turn to our alternative plan.

[image: ]
Figure2: TMP006 chip

Grove IR sensor as our approach of detecting the position and the magnitude of our heat source. The accuracy for this thing is quite remarkable, the temperature tolerance of this sensor is two digits after the dot. 

[image: ]


The LCD panel would show users information about the temperature and the fan speed. It would be a 20-to-4 panel which is contrast adjustable. 

[bookmark: _Toc355165442]2.2 Design Alternatives
[bookmark: _Toc355165443]Sensors
	As I have mentioned before, we planned to use TMP006 but the result did not satisfied the requirement we need. So we turned to Grove temperature sensors.

[bookmark: _Toc355165444]Fan drivers
We planned to use an op-amps to drive our fan at first, because we need a 12V signal to drive to fan but the ATmega output signal is only 5V. However, the output current of a Op-amps is only 50mA maximum while we need a 0.6A current for the fan. Then we turned to H-bridge to amplify the signal.	

[bookmark: _Toc355165445]Main control board
	we have ordered a PCB from part shop. But after soldering everything on it, the behavior become wired. When we connect a H-bridge to the board, the output of the ATmega chip have been pulled up while they are supposed to be all low. We cannot figure out what have gone wrong so we turned to a vector board. The soldering is quite difficult for us and we need to do the wiring on this board. Although it took us a lot of time to build the board, the vector board works perfectly.
[bookmark: h.26in1rg]

[bookmark: _Toc355165446]2.3 Calculation
There aren’t too many calculations in our project. The only calculation we have come up with is to calculate the ratio of the resistances to build the amplifier. 


As we need is 12V and  we need is 5V

We get 

We can also calculate the maximum current go through the power supply





Thus the voltage test resistor should be 




The test load resistor for the step-down voltage regulator





2 The PID control system behavior


Where the e(t) is the current temperature minus the reference temperature or desired:



 is the proportional gain ; is the integral gain and  is the derivative gain

2 boundary values of  will be set 
 and .

If   ,                       	 will be dominate.
If   ,	   will be dominate.
If   ,			 will be dominate.
(as the current time)

From experiment, we decided to go with a relatively high Kp value because we need our fan to adjust it’s speed accordingly to the temperature. We also set Kd a bit higher than usual because we need our fan to be sensitive to changes in temperature. For Ki, we just set it to normal because there is no special need for it.
[bookmark: h.lnxbz9]

[bookmark: _Toc355165447]2.4 Schematics
The full Schematics:
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LCD schematics:
[image: ]

Schematic for ATmega328 and H-Bridge.
[image: ][image: ]



Schematic for the power supply of ATmega328.
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Schematic for the Op-Amp that drives the fan (original idea)

However, we did not use this circuit in our design as the output current did not meet our requirements.
[image: ]



We also have schematics for the set-up circuit for the ATmega328 chip
[image: ]
[bookmark: h.35nkun2][bookmark: _Toc355165448]2.5 Simulations
Simulation for the MC33074 Opt-amp: 
The input swings from 0v to 6v, the output swings from 0 to near 12v.
[image: ]

Simulation for the LM317K voltage regulator:
The input is a DC source of 12V, the output is at constant 5V
[image: ]
PID control simulations are done by LabView. Below is the diagram for Labview simulations.

There are three different sets of values used for Ki, Kp and Kd, each used for different circumstances. Below are the three simulations for integral, proportional and derivative dominating sets for function .


(integral dominate )


(Proportional Dominate)


(Derivative Dominate)
[bookmark: h.1ksv4uv][bookmark: _Toc355165449]2.6 Basic Logic Flow Chart 
The flowchart of the motion behavior of the fan
	We will set a threshold temperature to decide whether the temperature of the difference is large enough to let the fan move. 
	In our real project the motion of the fan turns out to be slower than we expected. It will take years to do the iteration. 
[image: ]



[bookmark: h.44sinio][bookmark: _Toc355165450]Requirement and Verification
[bookmark: _Toc355165451]3.1
The whole project is a quite complicated system. The main point to verify the whole project is to verify if the system can find the heat source properly and the fan speed can be changed as the temperature of the source changes. In the table below, the requirements and verification procedures are listed.

	Module
	Requirements
	Verification Procedures

	Power supply(AC to DC converter)
	The power supply will be providing power to all the components of the system.
1 Supply steady 12(±1) volt voltage 
2 The power converter could supply enough power to support the whole system work properly. That is, the output current should be 0.82A.

	The power converter is a module we bought from Amazon. It claims it could convert 110V to 12V. 
a Using the multi-meter test the output voltage 

b Connect the output to a 14,63Ω resistor and test the current and the voltage across the resistor using multi-meter. The current should be 0.82A and the voltage should be 12V.


	Step-down voltage regulator
	The step down voltage regulator will provide the voltage for the almost all the chips in the circuit including the ATmega328 chip.
1 Supply a steady 5(±0.5) volt voltage


	The input of the voltage regulator will be connected to the output of the power supply.
We will test the output spec of the regulator.
a Test the output voltage of the regulator. (Change the resistors to make the output voltage approach 5V)

	Fan’s driver (H-bridge)
	The purpose of this part is to amplify the control signal form the MCU to drive the motor of the fan.
1 The output of the amplifier should be 12(±1) volt
2 The delay of the voltage amplifier (the time from the mid-value of the input to the mid-value of the output) should be less than 0.2 ms. (as the frequency of the PWM output is 490Hz)
3 The output current of the amplifier should be at least 0.6A.

	The driver should be built on the breadboard and it will be connected to a PWM output of the ATmega chip. Say pin3. Program should be written and let the pin3 generate a signal with 0.5 duty cycle. The signal of pin3 and the output of the driver should be both displayed on the oscilloscope.
a Verify the peak value of the output of the amplifier to make sure it’s around 12V (modify the resistor to adjust the output voltage if the voltage is not accurate)
b Measure the half to half delay of the driver through the display screen on the oscilloscope.
c Measure the output current of the driver with a multimeter when the output voltage is 12V. 


	Motor Driver (x-y axis motor)
	Using H-bridge Chip to drive the motors. There are 3 states of the motors: moving forward, moving backward, stop moving. 

1 The motor driver must be able to stop, move forward and move backward 
2 The motor driver must be able to provide 12 (±1) volt voltages and 200(±20) mA currents output to the motor. (The power around 2.4W ±10%)
	[bookmark: h.2jxsxqh]There are 3 states of the motor drivers, so we need 2 digital signals as the control signal. We will set up the H-bridge chip and the motors then feed the 2 input signals of the H-bridge with ‘00’, ‘01’, ‘10’. 

a We will measure the current’s direction going through the motor. If moving forward state and the moving backward state must have opposite current directions. The halt state doesn’t have any current so we won’t be testing that. 
b Disconnect the motor and display the output voltage of the circuit on an oscilloscope and measure the current. Then calculate the power to see if it meets out requirement.


	Motor
(x-y axis)
	The motor will move our fan on the track.
1 The motor must be able to provide a torque over 0.6mN*m. (be able to drive our fan to move)

	We only need our fan to move precisely but not very fast, so the rpm requirement for the motor doesn’t need to be extremely high. 
a We’ll be using a method we found on internet to test the torque of the motor. It’s just the simple T=F*L formula. We’ll attach a rod onto the shaft of the motor. We’ll then measure the length of that rod. We can found F by holding a elastometer on the other end of the rod. We can measure F when the motor stops moving.
http://www.scienceprog.com/easy-way-to-measure-motor-torque/ 


	Micro-controller (ATmega328)
	The ATmega328 chip should be able to handle the signal come from the sensors and send the proper signal to the motors and the fan.
1 The signal come from the PWM output should have a high voltage output 5(±0.5)V and a low voltage output 0(±0.5V)
2 The frequency of the PWM output should be 490(±10)Hz
3 The ATmega328 should be able to store the program and execute program.
4 The ATmega328 should be able to read the signal from the Sensor circuit. 


	Write a program which generates a half duty cycle single in pin3 (PWM port).  Connect the pin3 to the oscilloscope and display the wave form
a Record the peak voltage and the lowest voltage see if they meet the requirement.
b Let the oscilloscope display the frequency of the signal to see if it meets the requirement.
Test of the whole program should be done last. It’s more like test the behavior of the whole system.
c Write the control program and compile it into the ATmega328 chip using FT232RL. Provide the fake sensor signal (generated by ourselves) and display the output signal on oscilloscope. 
d Connect the output of the sensor circuit to the ATmega328 to see if we can display the temperature. 


	Infrared Thermopile Sensor
(TMP006)
	The sensor is the most important part in our design, if it fails, nothing will work.
1 Good contact with PCB, no false contact.
2 Output frequency above 1 Hz.
3 Output temperature with error less than 1°C.
	1 Connect to Microprocessor, upload and run the test code for tmp006, check the output on LCD. Should see ambient temperature for the output.
2 The total time and number count of the output will be extracted from the sensor and the output frequency will be calculated by 
3 Face the sensor toward a hot plate with a known temperature; compare the output temperature from sensor with the hot plate temperature, calculate the average error with the data.


	Bumpers (reset buttons)
	The purpose of the reset button is to detect boundaries by sending low signal to our micro-controller. 

1.Be able to stay high (5V) when it isn’t    contacting the surface of the wall.
2. Be able to output low (0V) when it hits the wall.
	1. Connect the top pin of the reset button to a 10K ohms resistor which is connected to the 5V output at the voltage regulator. 
2. Connect the other end of the reset button to a LED and a ground. 
3. Test if we can light off the LED by pressing the reset button.




[bookmark: _Toc355165452]3.2Tolerance Analysis

The most important aspect of this project is whether the system could find the hottest spot. We also need to verify how the PID system works. 
To verify the ability to find the hottest spot we will heat an approximately 2cm*2cm area in a board and give it to the system.  
To verify the PID system we will change the temperature to the sensor to 30, 40 and 50 degree and test the speed of the fan. 

[bookmark: _GoBack]

[bookmark: _Toc355165453]3.3Discussion of results and failed verifications

the project as a whole works perfectly but during the design we have met some problems with some individual parts

1.fan
Initially, we were trying to figure out a mechanism to calculate the fan speed, or more accurately, the RPM of the fan. After we built the whole thing we found it extremely hard to follow our verification procedure. But we figured out that we can simply display the PWM value(max at 255) on the LCD and it can just be used as a measurement for the fan speed

2.Sensor
The original plan was to use the TMP006 IR sensor. However, the TMP006 circuit we soldered exhibits abnormal behavior at the output which cannot be used as sampled data.

3.PCB
We still cannot figure out what is the reason why our PCB cannot work. The problem is that the insertion of the H-bridge will affect the output of the ATmega chip. 
 
4.Fan Driver
	We cannot use the voltage amplifier because the current output didn’t meet our need.
[bookmark: h.z337ya]

[bookmark: _Toc355165454]Cost and Schedule
[bookmark: h.3j2qqm3][bookmark: _Toc355165455]4.1 Labor Cost
	Name
	Hourly rate
	hours per week
	total weeks
	total

	Yuan Yao
	$30.00
	12
	12
	$4320.00

	Xuandong Xu
	$30.00
	12
	12
	$4320.00

	Jifei Xu
	$30.00
	12
	12
	$4320.00


The total labor cost is $12960.00		
[bookmark: h.1y810tw][bookmark: _Toc355165456]4.2 Parts Cost
	Item
	quantity
	cost
	total cost
	Status

	Gear Box Electric High Torque Mini Motor

	2
	$3.99
	$8
	Bought

	Fan and the motor
	1
	$3
	$3
	Bought

	LCD panel
	1
	$10
	$10
	Bought

	Grove IR sensors
	4
	$5.5
	$22
	Bought

	Micro-Controller
ATmega328
	1
	$1
	$1
	Bought

	Voltage-regulator
LM317K
	1
	$0.54
	$0.54
	Got from ECE parts shop

	H-bridge (SN754410)
	2
	$2.35
	$4.7
	Bought

	Power converter
110V to 12V
	1
	$5
	$5
	Bought

	Reset buttons
	4
	$0.01
	$0.04
	ECE parts shop

	Capacitors
	4
	$0.02
	$0.08
	Got from ECE parts shop

	Crystal 
	1
	$0.5
	$0.5
	Bought

	Resistors
	9
	$0.02
	$0.18
	Got from ECE parts shop

	total
	$55.04
	
	
	


[bookmark: h.qj8gs0qagw64][bookmark: h.m4umfc3v6kn][bookmark: h.picijuepxrz][bookmark: h.ndmex9wygmwe][bookmark: _Toc355165457]Conclusion
[bookmark: h.c3m3w97mhbzm][bookmark: _Toc355165458]5.1 Accomplishments

· [bookmark: h.rw04p4udl0ho]Fan spins according to the temperature
[bookmark: h.qpbsymiynx10]
[bookmark: h.mg2f34aaoz11]As the temperature from the sensor measured increases, the fan speed up poportional to the increased temperature; The fan speed also adjust itself with how fast the temperature changes over time, that means a sudden change of temperature will cause the fan speed to change accordingly too.
[bookmark: h.fkthijhgrzk7]
· [bookmark: h.sqeoc0dbo0gp]Correct tracing of the hotspot
[bookmark: h.6fqeoxpdddlu]
[bookmark: h.86w0rws0q1sd]The sensor have a wide view range and high resolution so even a minor temperature gradient will lead the fan to the hottest spot on the laptop, the local maximum.
[bookmark: h.bj8est510qot]
· [bookmark: h.mp9as6jmo2s0]LCD works perfectly
[bookmark: h.i6cbwnz4a4da]
[bookmark: h.dpokqtye0e8g]LCD display what we needed-- temperature and fan speed.
[bookmark: h.qwdxmzfcua6o]
· [bookmark: h.s29y5oicy312]Programs runs flawlessly
[bookmark: h.qgaupn3ly3go]
[bookmark: h.m5rqxco7eb57]No bug have occurred yet, no functional error, no display error, no control error.
[bookmark: h.y90piyuh0jxl]
· [bookmark: h.f63bi0g0wxni]Reset bumper detects boundary conditions
[bookmark: h.rs94hn2vds7]
[bookmark: h.2ucdfk3efabx]Reset button on each side will only disable the movement toward the side that is under pressure, will not disable movement on any other directions.  
[bookmark: h.yof5ehkfsd2p][bookmark: _Toc355165459]5.2 Uncertainties
· [bookmark: h.tb9a79vf128d]Spend way too much time on soldering
[bookmark: h.wo15hzxp52sc]
[bookmark: h.sexwt0vbis6a]Didn’t expect the PCB to malfunction, used vector board as a backup plan, which is hard to solder and wire.
[bookmark: h.u1qp0jexgkta]
· [bookmark: h.21470vxq4glw]Program had bugs to debug
[bookmark: h.zder3vaskr33]
[bookmark: h.ykb8v618pzba]We ran into some bugs that it took us hours to find, and it turned out to be a silly little mistake we made.
[bookmark: h.pjmjd7cou9ga]
· [bookmark: h.cmfx148kj3r3]Spend a lot time on getting the right IR sensor
[bookmark: h.gpdo8e80drbq]
The sensor initially used was too hard to implement with bare hand and solder iron, so the team decided to use an alternative sensor that saved us a lot of time configuring.
[bookmark: h.gyjgsl6wjmkt]
· [bookmark: h.sk3aw6vvtjnt]Burned ships and LCD by mishandling
[bookmark: h.35cvpno97qxr]
[bookmark: h.pf5p8m8uytrr]Accidentally fed 12 volt to the 5 volt power line, which destroyed all the digital chips on board, had to swap everything.
[bookmark: h.105ab6upj0yx]
· [bookmark: h.32xxpg2zx7bf]Put everything together
[bookmark: h.ycasp2xkrowt]
[bookmark: h.sgqtnzxz6hhz]Careful solder and line configure needed for optimal functionality, this took us very long time to do. But mistakes occurs and we sometime need to undo things that is difficult to undo.
[bookmark: h.1ci93xb][bookmark: _Toc355165460]5.3 Ethics
We, the members of the IEEE, in recognition of the importance of our technologies in affecting the quality of life throughout the world, and in accepting a personal obligation to our profession, its members and the communities we serve, do hereby commit ourselves to the highest ethical and professional conduct and agree:
1 to accept responsibility in making decisions consistent with the safety, health, and welfare of the public, and to disclose promptly factors that might endanger the public or the environment;
2 to be honest and realistic in stating claims or estimates based on available data;  
3 to improve the understanding of technology; its appropriate application, and potential consequences;  
4 to seek, accept, and offer honest criticism of technical work, to acknowledge and correct errors, and to credit properly the contributions of others;  
[bookmark: _Toc355165461]5.4 Future Work

· Cut down the cost for IR sensor

The alternative sensors we are using now is still too expensive for marketing this device, to cut down the price, TMP 006 would be the best choice, and with better machining and tools the implementation of TMP 006 would be possible and thus cutting down the cost for the sensors.




· Make the cooling pad more mobile

	The pad for demonstration is made of aluminum, which is still heavy compared to plastic, so it is best to use plastic for the pad, cutting down cost and weight, making the pad more mobile.

· Have the desired temperature set by user

	The product should allow user to input target temperature for fan to adjust accordingly.

· Make it quite

	Noise is a problem, cooling pad shouldn’t generate so much noise when it moves around, so some mechanical design will be needed to reduce the noise of the product.





[bookmark: _Toc355165462]APENDIX
Reference:
Op-amp: 
http://en.wikipedia.org/wiki/File:Operational_amplifier_noninverting.svg
http://www.ti.com/lit/ds/symlink/lm741.pdf

LCD panel: 
https://code.google.com/p/arduino-lcd-3pin/#Arduino_PIN_Savings,_use_3_not_6

Regulator: 
http://www.jameco.com/Jameco/Products/ProdDS/1730494.pdf

Source code: 
http://arduino.cc/en/
http://www.hacktronics.com/Tutorials/arduino-character-lcd-tutorial.html
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