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[bookmark: _Toc350488902]Introduction
[bookmark: _Toc350488903]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: _Toc350488904]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: _Toc350488905]1.3 Functions:
· LED keyboard lamp
· Heat sensors that can keep trace of the heat source
· Visual indicator of fan speed
· Load monitor that can tell the fan to increase its speed
[bookmark: _Toc350488906]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
· affordable
[bookmark: _Toc350488907]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 TMP006 sensors to detect the temperature
· Using ATmega328 as the micro-controller

[bookmark: _Toc350488908]Design	
[bookmark: _Toc350488909]2.1 block diagram
[image: ]
	



2.2 [bookmark: _Toc350488910] Block description
2.2.1 [bookmark: _Toc350488911]Power supply
110V port would be our power supply. We’ll be using an AC to DC converter that would convert 110V to 12V. Motor driver 1 and 2 would be powered by 12V power supply. 

We’ll have a voltage amplifier to control the fan’s speed. Because the control signal coming out of ATmega328 is too small to control the fan’s motor, we need a voltage amplifier to amplify the signal to fit the fan’s need. The voltage amplifier needs at least 12V difference to amplify the input signal.

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. 

2.2.2 [bookmark: _Toc350488912]Controller System
The ATmega328 is powered by 5V power supply. It takes input from four infrared sensors and gives output signals to three different motors. It would control the fan motor by pulse-width-modulation (PWM). The signal it sent out to the fan would be amplified by the voltage amplifier. 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.

2.2.3 [bookmark: _Toc350488913]Electric 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.

Motor 3 would be our fan’s motor. Which will take the 12V voltage supply and the speed of this motor can be adjusted by the signal from the ATmega328 using Pulse Width Modulation. The signal come from the ATmega328 will be amplified by a circuit shown below using chip MC33074.
[image: ](Wikipedia)


Infrared Thermopile Sensor in Chip-Scale Package (TMP006)

We are using the world's first single-chip digital IR MEMS temperature sensor. It enables contactless temperature measurement in portable and consumer electronic applications. It has 90% lower power consumption, 95% smaller and 80% cheaper than current existing IR sensors, but it remains a high accuracy.

[image: ]

The LCD panel would show users information about the temperature and the fan speed. We’ll be using 3 pins to connect the LCD panel to our ATmega328 rather than using 6 pins. 
2.3 [bookmark: _Toc350488914] 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





3 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)
3.2 [bookmark: _Toc350488915]Schematics
The full Schematics:
[image: E:\dropbox\ECE 445\Schematic of our Design.JPG]









LCD schematics:
[image: E:\dropbox\ECE 445\LCD_schem.png]

Schematic for ATmega328 and H-Bridge.
[image: ][image: E:\dropbox\ECE 445\ATmega328 Schematics new.JPG]


Schematic for the power supply of ATmega328.
[image: ]
















Schematic for the Op-Amp that drives the fan
[image: ]


We also have schematics for the set-up circuit for the ATmega328 chip
[image: ]
3.3 [bookmark: _Toc350488916] 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.
[image: E:\dropbox\ECE 445\PID_labview.PNG]
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 .

[image: E:\dropbox\ECE 445\integralDominate.PNG]
(integral dominate )

[image: E:\dropbox\ECE 445\PoportionDominate.PNG]
(Proportional Dominate)

[image: E:\dropbox\ECE 445\Derivitive Dominate.PNG]
(Derivative Dominate)
3.4 [bookmark: _Toc350488917]Basic Logic Flow Chart 
The flow chart 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
[image: ]


[bookmark: _Toc350488918]Requirement and Verification

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. 
1 Using the multi-meter test the output voltage 

2 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
2. The overshooting voltage of this regulator should not exceed 8 volt


	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.
1 Test the output voltage of the regulator. (Change the resistors to make the output voltage approach 5V)
2 Display the output of the regulator on an oscilloscope. Feed the regulator with 0-12V half duty square wave. Check the peak voltage of the output on the oscilloscope.

	Voltage amplifier
(for the motor driver)
	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 0.06A.

	The voltage amplifier 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 amplifier should be both displayed on the oscilloscope.
1. 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)
2. Measure the half to half delay of the amplifier through the display screen on the oscilloscope.
3. Measure the output current of the voltage amplifier with a multimeter when the output voltage is 12V. 

If part c) the current test failed, we are going to try another amplifier, say HA17741. For most amplifiers, the output current is around 50mA. We need to test more Op-amps to find out the solution.


	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. When the input to the H-bridge chip is ‘00’ there should be no output current and no output voltage.
2. When the input to the H-bridge chip is ‘01’, the output current should be  forward, and its magnitude should be 200(±20) mA the output voltage should be 12(±1)V
3. When the input to the H-bridge chip is ‘10’, the output current should be  backward, and its magnitude should be 200(±20) mA the output voltage should be 12(±1)V

	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’. 

1. Feed the H-bridge with signal ‘00’ and use the multi-meter to check whether the voltage and current are both zero.
2. Feed the H-bridge with signal ‘01’ and use the multi-meter to check the polarity and magnitude of the output voltage and current.
3. Feed the H-bridge with signal ‘10’ and use the multi-meter to check the polarity and magnitude of the output voltage and current.


	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. 
1. 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
1. Record the peak voltage and the lowest voltage see if they meet the requirement.
2. 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.
3. 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. 
4. 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.





Tolerance 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. The error between the actual fan speed and the theoretical fan speed should be less than 5% in all cases.

[bookmark: _Toc350488919]Cost and Schedule
[bookmark: _Toc350488920]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: _Toc350488921]4.2 Parts Cost
	Item
	quantity
	cost
	total cost
	Status

	Gear Box Electric High Torque Mini Motor

	2
	$3.99
	$8
	ordered

	Fan and the motor
	1
	$3
	$3
	bought

	LCD panel
	1
	$12
	$12
	ordered

	TMP006 IR Sensors
	4
	$3.5
	$14
	bought

	Micro-Controller
ATmega328
	1
	$1
	$1
	bought

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

	Op-amp
MC3307
	1
	$0.49
	$0.49
	Got from ECE parts shop

	H-bridge (SN754410)
	1
	$2.35
	$2.35
	bought

	Panasonic thin film resistors
	16
	$0.02
	$0.32
	bought

	Multi-layer ceramic capacitors
	6
	$0.1
	$0.6
	bought

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

	total
	$47.3


[bookmark: _Toc350488922]4.3 Schedule

	week
	Task
	Assigned

	3/11
	Testing the analog design part on breadboard with the fan.
	Yuan

	
	ATmega328 Programming.
	Xuandong

	
	Testing motors system.
	Jifei

	3/18
	ATmega328 system debug.
	Yuan

	
	Motor test, with ATmega328.
	Xuandong

	
	Sensor PCB fabrication, solder and test.
	Jifei

	3/25
	PIC system adjustment and test.
	Yuan

	
	Motor to pad assembly and test.
	Xuandong

	
	LCD PCB design and fabrication.
	Jifei 

	4/1
	Assembly of all parts.
	Yuan

	
	Cooling pad functionality test.
	Jifei

	
	Time management.
	Xuandong

	4/8
	Sign-up for Demo and Presentation 
	Yuan


	
	Position finding test and debug
	Xuandong

	
	Fan speed test and debug
	jifei

	4/15
	Prepare presentation
	Xuandong

	
	Final modulation
	Jifei


	
	Final test
	Yuan

	4/22
	Demo week
	

	4/29
	Final paper-general part
	Jifei

	
	Final paper-schematic part
	Yuan

	
	Final paper-discription part
	[bookmark: _GoBack]Xuandong





[bookmark: _Toc350488923]Ethics and Safety
[bookmark: _Toc350488924]5.1 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 avoid real or perceived conflicts of interest whenever possible, and to disclose them to affected parties when they do exist;
3. to be honest and realistic in stating claims or estimates based on available data;  
4. to reject bribery in all its forms;  
5. to improve the understanding of technology; its appropriate application, and potential consequences;  
6. to maintain and improve our technical competence and to undertake technological tasks for others only if qualified by training or experience, or after full disclosure of pertinent limitations;  
7. to seek, accept, and offer honest criticism of technical work, to acknowledge and correct errors, and to credit properly the contributions of others;  
8. to treat fairly all persons regardless of such factors as race, religion, gender, disability, age, or national origin;  
9. to avoid injuring others, their property, reputation, or employment by false or malicious action;  
10. to assist colleagues and co-workers in their professional development and to support them in following this code of ethics.
[bookmark: _Toc350488925]5.2 Safety
All the power supply and voltage regulation are equal or below 12 volts, so there will be no potential threat for handling the electronic components bare handed. There may be potential safety issue with the mechanical parts of the design, but we are not handling that part, the mechanical shop will do the work for us. 







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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