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[bookmark: _Toc349821730][bookmark: _Toc349821965]1 Introduction
[bookmark: _Toc349744885][bookmark: _Toc349821731]1.1 Multistage Coil Gun
The Multistage Coil Gun is a device which ejects a small projectile at great speeds solely through the use of electromagnetics. Besides the visual display, the purpose of our project is to create an educational exhibit to show how electromagnetic force, if harnessed properly, can be used for many applications. We chose this project because of the technical challenges it poses.  In addition, we are excited about the accessibility this project holds. Young students can easily see and understand the general scientific principles interacting within our device. 

[bookmark: _Toc349744886][bookmark: _Toc349821732]1.2 Objectives
The project goal is to safely demonstrate a coil gun which launches a one inch diameter projectile at 12-17m/s. We also want to display the launch speed on a monitor and control the capacitor discharge using I/O signals. These I/O signals are vital to the overall project since they control the entire triggering process. Further, we need to ensure our project functions safely and operates in accordance with all rules and regulations of IEEE and the university. We are also aiming to make our project a permanent exhibit for Engineering Open House (EOH) and we plan to present it for EOH 2013 on Friday, March 8th. We will spend the remainder of the semester post EOH primarily focusing on optimization of the individual components.

Benefits
· Educational tool which could be used by Educators teaching electromagnetism 
· User has control over speed of projectile
· Portable and easy to assemble
· Entertainment for viewers
· Safe interaction with high voltage power

Features
· Isolation of all high voltage components
· Capacitor bank for storing charge
· Sensing capabilities in launch barrel 
· 3 SCR’s for each of the three capacitor  banks to allow current to flow to coils
· Microcontroller to determine the optimal timing to launch projectile
· Launch button to enable triggering
· Projectile speed display
· Trigger and output circuits placed on single PCB board

2 [bookmark: _Toc349744887]
[bookmark: _Toc349821733]2 Design
[bookmark: _Toc349744888][bookmark: _Toc349821734][bookmark: _Toc349581985][bookmark: _Toc349742659][bookmark: _Toc349743004][bookmark: _Toc349743651][bookmark: _Toc349743736][bookmark: _Toc349743773][bookmark: _Toc349743808][bookmark: _Toc349743979][bookmark: _Toc349744053][bookmark: _Toc349744371][bookmark: _Toc349744477][bookmark: _Toc349744889]2.1 System Block Diagrams
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[image: ]Figure 1: High Level Component Diagram

Figure 2: Physical Component Diagram

[bookmark: _Toc349744891][bookmark: _Toc349821736]2.2 Component Diagrams and Descriptions
[bookmark: _Toc349744892][bookmark: _Toc349821737]2.2.1 Low Voltage Power Supply
The Low Voltage Power Supply module supplies power to the sensor circuit, microcontroller, and trigger circuit. It must be able to supply a voltage of 5 V ± 10%, with a current of 3 A ± 10%. The voltage must be in reference to earth ground. It also must supply 7.5V ± 10% with a current of 1A ± 10% to the arduino.
[bookmark: _Toc349744893][bookmark: _Toc349821738]2.2.2 Sensor Circuit
The Sensor Circuit module is the “eye” of our project. It includes: low power lasers, photodiodes, potentiometers, and amplifiers. 

The laser shining on the photodiode will be interrupted when the projectile passes through. This interruption will result in a voltage change of approximately 100mV. 

The operational amplifier will take the photodiode voltage output and compare it to a reference voltage created by potentiometer. The reference voltage, which is the threshold voltage in which the photodiode is excited, will be from 150 mV to 200mV. The range of the reference voltage may vary slightly depending on the ambient lighting of the room. 

The amplifier then outputs a signal of 4 V ± 15% (HIGH) when the laser is shining on the photodiode and 0.5 V ± 20% (LOW) when the laser is blocked. The output of the amplifier is then sent to the microcontroller.

There are three sets of two photodiodes and lasers. The first set of photodiodes and lasers will be placed after the first coil winding, the second set after the second winding, and the third set after the third windings. The last set of detectors will be used to calculate the final speed of the projectile leaving the barrel. This speed will be displayed on the serial monitor of the microcontroller.
[bookmark: _GoBack][image: ]
Figure 3: Sensor Circuit
[bookmark: _Toc349744894][bookmark: _Toc349821739]2.2.3 Microcontroller
This module is the “brain” of our project. It will log the times when the projectile has passed through the sensors and calculate the speed of the projectile. Using the speed and the known distance between the sensors and the next coil, it will wait for a certain period of time before triggering the coils for the next stage.

The microcontroller will receive a signal from the sensor circuit and log the time for when the input signal voltage drops from HIGH to LOW. For each set of photodiode-laser pairs, the microcontroller will take the difference of the logged times. 

The microcontroller can then calculate the speed of the projectile using the difference between the logged times and the known distance between the photodiodes in each set. With the speed and the known distance between the sensors and the next coil, it can estimate when to fire the next stage coil. 

For our project we will use an Arduino Uno Microcontroller.


[image: ]
Figure 4: Microcontroller Connections
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Figure 5: Microcontroller Flow Chart


2.2.4 Trigger Circuit
This module consists of an optocoupler relays and thyristors. When an optocoupler receives a HIGH signal from the microcontroller, it will relay the HIGH signal to a gate driver. (The optocoupler will provide electrical isolation to the microcontroller from the High Voltage Power Supply.) The gate driver will then output a signal, in the range of 1 V ± 20% and 50mA ± 20%, to the gate terminal of the thyristor, turning the thyristors ON. For our project, we have chosen to use 6A-Peak Gate Driver MIC4420 because of its ability to handle a large amount of current.

The thyristors can withstand a voltage difference of 400 V and a maximum peak surge current of 2180 A. This limit provides us with the absolute maximum voltage we can charge the capacitors in the High Voltage Power Supply. In the lab, we will be charging up to 120 V.

[image: ]A set of three thyristors will be placed in parallel to carry the current discharged from the capacitor bank. This will lower the current stress on each thyristor and provide a safety measure that will guarantee a path for the current even if one of the thyristors fail. 


[bookmark: _Toc349744896]
Figure 6: Trigger Circuit, Capacitor Bank and Coil Windings

Figure 6 shows the 3 SCR's in parallel as a voltage controlled switch. This was done to represent the physical terminals of a power SCR. A typical circuit schematic of an SCR shows a diode with one gate terminal. However, a physical power SCR has four leads: one gate, one anode, and two cathodes. In order for current to flow through the anode and cathode, a voltage must be supplied to the gate in reference to the cathode. Figure 6 above shows this requirement safely being met clearly. 

The resistance value of R4 will need to be very large with a very large power rating in order to prevent any current from flowing through. The resistance values of R1 and R2 will be 6 ohms and .33 ohms respectively. These resistors will limit the amount of current.
[bookmark: _Toc349821761][bookmark: _Toc349821996]2.2.5 High Voltage Power Supply
The High Voltage Power Supply module consists of the three capacitor banks and the high voltage DC power supply. Two of the capacitor banks have three capacitors in parallel and the other has four capacitors in parallel. The high voltage DC power is provided by the lab bench in the power lab. The capacitors are rated at 450 V DC but will only be charged up to ~220 V. The charging will be regulated by the Charge Controller module.

The capacitors will be placed in an enclosure as to prevent any of the leads from being exposed. The enclosure will have a variety of safety features to prevent any accidental shorts. Safety features include but are not limited to:
· Complete enclosure of all high voltage leads
· Constant voltage monitoring across capacitors
· Automatic shorting of capacitors when opening cover
A more detailed description of the safety features will be outlined in section 3.4.

[image: ]The capacitors will remain charged until the thyristors are triggered. Once the thyristors are triggered, they will remain latched ON until the current stops flowing. At that point it will turn back off until the gate is trigger again.

Figure 7: High Voltage Power Supply and Charge Controller Circuit
[bookmark: _Toc349744897][bookmark: _Toc349821762][bookmark: _Toc349821997]2.2.6 Charge Controller
[bookmark: _Toc349744898][bookmark: _Toc349821763][bookmark: _Toc349821998]The charge controller allows the three capacitor banks to be charged individually. A resistor bank is put in series with the capacitor bank as shown in figure 7 as to limit the initial current when charging. 
Voltmeters are placed across each capacitor bank to always monitor the voltage. 
A Fire Button is also encased in the charge controller. One terminal of the fire button is connected to ground while the other is connected to the microcontroller. The microcontroller logic allows the first stage to get triggered when the Arduino signal is grounded. 
2.2.7 Coil Windings
This module is the three coils that are each connected to a capacitor bank. When a set of thyristors are triggered, current will be discharged from the capacitor bank and flow through the coil. The current through the coil will create a magnetic field that induces a current onto the projectile. A force will be generated between the induced current and the magnetic field of the coil that propels the projectile.
[bookmark: _Toc349744899][bookmark: _Toc349821764][bookmark: _Toc349821999]2.3 Simulations
Safe and proper operation is of paramount importance in this project. The primary goal of our simulations is to better understand the stress the system will endure and to verify that the components are well suited for the task. It is important to remember that the three capacitor banks and corresponding coils are completely independent from each other. Figure 8 effectively simulates one set of capacitors and coils. In the diagram there are two inductors in parallel because for each stage there are two coils wrapped concentrically.  


[image: ]
Figure 8: Coil Diagram


Figure 9 shows the peak current through the capacitors and coils as the coil gun is fired. It is easy to see that the system will experience a peak current of about 3.4KA. We can also use another approach to verify the peak current through the system by utilizing Figure 10. Using the following equation, the peak current through the circuit is obtained. The maximum slope of the curve will give the maximum    value.



The thyristors must be able to handle a peak current value, ITSM, of 3.4kA. The 110RKI40 and T610061804BT thyristors have ITSM values of 2.18kA and 5.5kA, respectively. Given that each capacitor bank has three SCRs in parallel, the current threshold for all of the banks is more than enough. The first stage, which uses the three larger SCRs, has a peak current capacity of 16.5kA. Clearly this is more than sufficient but it is good for two reasons. The primary stage is the most important in terms of magnetic power delivery; therefore it is good to have the highest rated components used in the most crucial part. Also, there is ample room to increase the voltage of the capacitors without worrying if the SCRs will burn out. Our project is designed to operate at 120V but if more power is needed the system is more than able to handle it.
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Figure 9: Peak Current Plot
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Figure 10:
Capacitor Voltage Dissipation




Using the above simulations we can estimate the final velocity of the projectile. Substituting our system parameters into the energy equations, we see that a single-stage coil firing at 120V will theoretically deliver a projectile at around 19m/s.








There are many limitations involved in the coil gun. Wire resistances, capacitor ESRs, and magnetic flux saturation very much inhibit the efficiency of the system. Based off simulation alone we see only 6% of the energy is present in the inductors. These simulations don’t take into account many of these factors so it is necessary to assume the final efficiency will be even lower. We are expecting the efficiency to be in the 1-2% range. With good optimization we hope to see at least 2%. With that in mind we can do further calculations.




A velocity of 11m/s is closer to what is expected out of the first stage at 120V. Factoring in the second and third stages we can derive the final velocity. It is important to remember that the first stage has four 10,000 µF capacitors while the other stages have three capacitors each. Taking these things into account we see that the expected final velocity is 17m/s.



3 
[bookmark: _Toc349744900][bookmark: _Toc349821765][bookmark: _Toc349822000]3 Requirements and Verification
	Component
	Requirement
	Verification

	Low Voltage Power Supply
	3.1 Power supply must provide 5 V ± 10% at 3 A  ± 5% 
	3.1      Connect the low voltage system to the power supply. Use a voltage probe connected to an oscilloscope to measure the  output voltage and ensure that it is within  ± 10% of 5 V. Use a DMM to measure the current output of the power supply and ensure that it is within  ± 5% of 3 A

	Sensor Circuit
	3.2 Photodiodes must output a voltage in the range of 250mV when laser is shining and 150mV when laser is blocked
	3.2      Measure the voltage of the photodiode using a voltage probe connected to an oscilloscope. Ensure that the voltage is 
· No less than 250 mV when laser is shining
· No more than 150 mV when laser is blocked  

	
	3.3 Op-Amps must convert photodiode signal to digital signal (4 V ± 15% for HIGH 0.5 V ± 20% for LOW)
	3.3      Measure the voltage of the photodiode using a voltage probe connected to an oscilloscope. Ensure that the voltage of the output on the op-amp is 
· Within  ± 15% of 4 V when the laser is shining
· Within  ± 20% of 0.5 V when the laser is blocked

	
	3.4 All laser diodes must turn on when connected to power supply
	3.4    Connect sensor circuit to power supply. Check to see that the red lasers are on and verify that the lasers are shining on the photodiode directly below laser

	Microcontroller
	3.5 Arduino communicates with PC
	3.5 Plug USB cable into arduino and PC. Run arduino program. Under Sketchbook > Examples > Digital select Blink. Click Upload. Arduino LED should blink at about 1 Hz     

	








	3.6 Detect fault for when photodiodes do not trigger in order
	3.6      Connect microcontroller to a computer. Run code and open the serial monitor.  Provide a HIGH signal to op-amp 1B. A fault message should appears on the serial monitor and the next stage does not trigger. Repeat for op-amp 2A, 2B, 3A, and 3B.

	
	3.7 Calculate speed of projectile and using the speed, calculate the time to send signal to trigger circuit
	3.7      Connect the microcontroller to a computer. Run code and open the serial monitor. Slowly push the projectile through the barrel. Ensure that the serial monitor displays the logged times and projectile speed

	
	3.8      Output digital signal(4 V ± 15% for HIGH 0.5 V ± 20% for LOW) to trigger circuit
	3.8      Measure the voltage of the output terminal going to the trigger circuit using a voltage probe. Ensure that a signal with a 4V ± 15% is triggered after the projectile has been pushed through the preceding set of sensors

	   Trigger Circuit
	3.9      Provide isolation between High Voltage Power Supply and microcontroller
	3.9      Use a DMM to test the resistance across the input of the microcontroller and the output of the optocoupler. The resistance should be in the 10 MΩ range as specified by [3]

	
	3.10      Optocoupler must relay microcontroller signal and send output signal to gate driver
	3.10 Supply a 5 V ± 10% signal pulse to the input node of the optocoupler. The output voltage of the optocoupler, measured with an oscilloscope, should be 5 V ± 20%

	
	3.11 Gate driver must output a signal powerful enough to trigger the thyristors
	3.11 Supply a 5 V ± 10% signal pulse to the input node of the gate driver. The output voltage and current of the gate driver, measured with an oscilloscope, should be 1 V ± 20% with 50mA ± 20%

	
	3.12 Thyristors, when triggered must remain  latched until all the current is discharged
	3.12 Place thyristor in test circuit shown in figure 11. The initial voltage reading across the resistor should be zero. Once the gate is triggered ensure that the voltage across the resistor is 24V ± 10% that it remains latched. Turn the power supply off and back on again and ensure that the thyristor has been reset and that the voltage across the resistor is zero again

	High Voltage Power Supply
	3.13 Bench power supply must provide 120 V  ±  10% voltage with 3 A  ± 20% current
	3.13 ENSURE THAT THE HIGH VOLTAGE POWER SUPPLY IS OFF. Connect the power supply in series with a 500Ω power resistor. Connect a DMM across the resistor to monitor voltage. Turn on the power supply. The voltage reading should be 120 V ± 12%. TURN OFF POWER SUPPLY AFTER TESTING

	
	3.14 Capacitors must retain 95% of the charged voltage for at least five minutes
	3.14 Charge the capacitors to 50V ± 10% while monitoring the voltage across the capacitors using a DMM. After five minutes ensure that the capacitor voltage is within 95% if the initial charged voltage

	
	3.15 Automatically short the capacitors when enclosure is opened
	3.15 CHECK THAT THE VOLTAGE ACROSS THE CAPACITORS IS ZERO. Take the enclosure off. Check to see that the aluminum bar is making physical contact with both the copper bars attached to the capacitors. Also check to see that the resistance across the copper bars is zero using a DMM

	Charge Controller
	3.16 Relay a 5 V  ±  3% signal to the microcontroller when the fire button is pressed
	3.16 Use a voltage probe connected to an oscilloscope to measure the voltage between the output fire pin to the microcontroller and ground. Ensure that the voltage across is within  ± 3% of 5 V when the fire button is pressed

	
	3.17 Push button switch must connect bench power supply to the corresponding capacitor bank
	3.17 Use a DMM to measure the resistance across the two leads of each push button switch. Ensure that the leads are short circuited if and only if the push button is pressed

	Coil Windings
	3.18 Coil Windings must be in parallel and be able to carry the current discharged by capacitor
	3.18 Using an RLC meter, check the resistance across the four leads of each set of coils to verify that two of the leads are shorted

	
	3.19 Epoxy adhesive must be able to withstand peak temperatures of 400°F and keep integrity of winding structure
	3.19 Check the physical condition of the winding structure. Ensure that no parts are loose and that the coil remains in tight contact with the barrel





[bookmark: _Toc349744904][bookmark: _Toc349821766][bookmark: _Toc349822001][image: ]









Figure 11: Gate Driver Test Circuit


4 Safety and Tolerance Analysis
[bookmark: _Toc349744905][bookmark: _Toc349821767][bookmark: _Toc349822002][bookmark: _Toc349743026]4.1 Safety Analysis

Our project poses many dangers due to high voltage power supplies and fast moving projectiles. We have taken this into account and implemented many safety enhancements in order to prevent even the smallest of accidents. 

First, all team members will comply with the general lab and electrical safety guidelines outlined by the division of safety and compliance at the University of Illinois.

Second, we will ensure isolation between the high voltage side and rest of the system through the use of optocouplers and proper grounding practice.

Third, we will ensure that no leads are ever exposed and that they are all insulated.  In order to accomplish this we have designed special enclosures for our capacitor banks as shown in figure 12. The covers completely enclose the capacitors from any external contact. They are secured onto the box frame with metal latches on the side to make sure the covers do not fall off. 

We also implemented a metal rod that will short the capacitors whenever the covers are taken off. This is accomplished by a spring mechanism pushing the metal rod up to copper rods connecting the capacitors in parallel. The metal shorting rod will not be in contact with the capacitors only when the fiberglass isolation rods are pressed down by the cover. This mechanism will be the last measure of safety as to ensure that there is no potential across the capacitor terminals.


[image: ]
















Figure 12: Capacitor Bank Layout


Eight electrical plugs will be drilled onto each capacitor bank, allowing for electrical connections to be made to the capacitors and thyristors more safely. Two banana plugs will be used for connecting the gate and cathode terminal of the thyristor, two will be used for charging, two will be for a voltmeter to monitor the voltage across the capacitors, and the last two will be for discharging. This enhancement will improve organization and will bring modularity to the entire capacitor banks. This will also reduce any chances of shorting any of leads connecting to the High Voltage side of the system. 

Fourth, we will enclose the launch barrel in a clear fiberglass frame. The frame will provide protection for our circuitry and barrel as well as for observers in case any unexpected events occur.

Finally, we will decrease any possibility of the capacitors not discharging by using three thyristors to carry the discharge current. A single thyristor would be sufficient to handle the peak current stress of the capacitor discharge. The redundancy will allow for two possible current paths even if one fails to latch. This will lower the overall current stress for the individual thyristors and allow for longer operation. 

Below is a connect/disconnect plan for the capacitor banks.

In order to charge the capacitors properly it is crucial to follow the proper procedure. The following describes how to charge the capacitors assuming everything is disconnected.




Connect:
1. Ensure the high voltage power supply is OFF and the enclosure lid is secured to the box
1. Connect the high voltage power supply to the input of the charge control circuit. Connect the output of the charge controller to the positive terminal of the capacitor bank
1. Connect the ground of the capacitor bank and charge controller to the negative terminal of the lab bench
1. Connect coil windings using the second pair of large electrical plugs (opposite the power supply connections)
1. Connect thyristor gate and cathode terminals to the trigger circuit using the small banana plugs on the thyristor side of the enclosure
1. Turn ON high voltage power supply
1. Charge capacitors by holding down respective buttons on charge controller
[bookmark: _Toc349744906][bookmark: _Toc349821768][bookmark: _Toc349822003]
There are only two cases in which the system needs to be unplugged: storage or malfunction. Again, the coil gun operates at large power ratings so it’s crucial to exercise safety when disconnecting leads.

Disconnect:
1. Make sure all power supplies are OFF
1. Check voltmeter. Check that the voltage is LOW (less than 1 V)
1. If the voltage is HIGH:
0. DO NOT open the case. The insulation rods will short the high voltage rails and cause damage to the project
0. Fire the coil gun again. Notice if this decreases the voltage. If yes, repeat process until voltage is low (less than 1V) 
0. In the event the voltage is unchanged, the thyristors are malfunctioning.
2. Carefully disconnect the high voltage power connections
2. Carefully connect a high resistance load to the large electrical plugs
2. Wait until the capacitors are de-energized and the voltage becomes LOW
1. If the voltage is LOW:
0. Disconnect leads from the enclosure
0. Remove lid from the enclosure
0. Store enclosure and lid in a safe place

4.2 Tolerance Analysis
The component that limits the performance of our project the most are the thyristors. The thyristors are essentially the most fundamental aspect of our project because not only do they control the discharge of the capacitors but their failure also endangers the project (read the Safety Analysis section for more information on this).

We have to manage an upper limit of 2,180A peak current on each of our 110A, 400V thyristors. So we will have to monitor exactly how many volts the capacitors are charged to. After conducting a PSPICE simulation with voltage set to 229V, we obtained a peak current discharge of 6,600A which can be seen in Figures 13 and 14. And for three 110A, 400V thyristors in parallel, we know that the total maximum peak current capability would be 6,540A (2,180 X 3) which is a lower yield than the 6,600A generated by 229V. Thus, each of the three capacitor bank modules needs to have their capacitor voltage with a maximum value of 225-227V to ensure safe operation. To confirm this, we are going to be operating all of our capacitors at 120V± 10%. 

There is one exception, however. Two of the three capacitor bank modules use the 110A, 400V thyristors but the third module uses the 175A, 600V thyristors. Therefore, only the first two modules need to follow the 225-227 V limit. The third module has a much higher voltage limit since the 175A, 600V thyristors can manage 5,550A each which is substantially higher than the 110A, 400V thyristors which can only carry 2,180A. But to maintain uniformity and a safety buffer, we will operate the third module at 120V± 10% as well. If we fail to meet our required speed for the projectile or we exceed it, then we can simply adjust the voltage on all of the capacitors to meet our requirements.
[image: ]
[bookmark: _Toc349821769][bookmark: _Toc349822004]Figure 13: Simulation diagram we used with 229V on capacitor.



[image: ]

Figure 14: Output plot 
Shows 6,600A peak current threshold for three 110A, 400V thyristors in parallel




[bookmark: _Toc349821770][bookmark: _Toc349822005]5 Ethical Considerations
We hold each point of the IEEE Code of Ethics to the highest regards and utmost importance. The following, however, are the IEEE ethics which pertain to our project in particular.

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.

Given that our project is a high voltage power project, we have given full commitment to ensuring the safety of the public, our colleagues, and ourselves through numerous safety enhancements and protocols. We have all completed General, Electrical, Power Lab, and the EOH safety requirements and thus know how to responsibly make decisions which will ensure the welfare of all parties involved. 

3. To be honest and realistic in stating claims or estimates based on available data.
We have conducted our calculations, estimates, and simulations with the highest accuracy possible. In addition, we have pledged to never obscure results to benefit us at the expense of others’ safety. 

7. To seek, accept, and offer honest criticism of technical work, to acknowledge and correct errors, and to credit properly the contributions of others.

We will provide accurate, sincere feedback during the peer design review and to any other groups who may ask us for assistance. Similarly, we will take into consideration the opinions of others and will make any necessary modifications identified. Since our project is a continuation from previous semesters, we have only taken credit for the things we did and have credited those who were involved previously wherever necessary.

9. To avoid injuring others, their property, reputation, or employment by false or malicious action.

We will never use our coil gun for meaningless purpose and our primary objective for this project will always be to create an educational tool which will be a part of future EOH exhibits. We pledge to never intently conduct any actions which may cause property damage and safety violations.
[bookmark: _Toc349821771][bookmark: _Toc349822006][bookmark: _Toc349744907]6 Cost and Schedule
[bookmark: _Toc349821772][bookmark: _Toc349822007]6.1 Labor
	Name
	Hourly Rate
	Total Hours
	Total Labor Cost
(Hourly Rate*2.5*Total Hours)

	Jon Dagdagan
	$40.00
	150
	$15000

	Yohan Ko
	$40.00
	150
	$15000

	Shashvat Nanavati
	$40.00
	150
	$15000

	Total
	$120.00
	450
	$45000


[bookmark: _Toc349821773][bookmark: _Toc349822008]6.2 Parts
	Item
	Part Number
	Cost($)
	Quantity
	Total Item Cost($)

	Photodiode
	BPW34
	1.00
	15
	15.00

	Laser
	B002IX97NS
	5.00
	10
	50.00

	Op-amp
	LM324
	0.10
	2
	0.20

	Potentiometer
	319C W 103
	0.25
	3
	0.75

	Arduino 
	A000006
	23.95
	1
	23.95

	Optocoupler
	L0746MOC3020
	0.64
	3
	1.92

	Thyristor (110A, 400V)
	110RKI40
	42.68
	6
	256.08

	Thyristor (175A, 600V)
	T610061804BT
	40.53
	3
	121.59

	Gate Driver
	44OCT 0203
	2.03
	3
	6.09

	Capacitor (10000µF, 450V)
	DCMC103P450DG2BS
	70.00
	10
	700.00

	Capacitor (1000µF, 25 V)
	031ME
	1.44
	1
	1.44

	Resistor (0.25Ω, 5W)
	RW57VR25
	0.04
	3
	0.12

	Resistor (6Ω, 0.25W)
	-
	0.08
	3
	0.24

	Resistors (33Ω, 0.25W)
	-
	0.07
	3
	0.21

	PVC Pipe
	-
	1.50
	1
	1.50

	Launch  Platform
	-
	3.00
	1
	3.00

	Barrel Holder
	-
	20.00
	1
	20.00

	Capacitor Cover
	-
	6.00
	3
	18.00

	Capacitor Cover Latches
	-
	1.33
	6
	7.98

	Capacitor Frame
	-
	10.00
	3
	30.00

	Copper Bar (1.5 ft)
	-
	54.00
	6
	324.00

	Fiberglass Bar (10 in)
	-
	2.50
	6
	15.00

	Winding
	-
	1.00
	6
	6.00

	Wire (1 meter)
	-
	1.00
	1 
	1.00

	Projectile
	-
	2.00
	1
	2.00

	Screws, blots, other mechanical items
	-
	5.00
	-
	5.00

	PCB
	-
	0.00
	1
	0.00

	Note: All of our parts have either been ordered or are in our possession with the sole exception being the PCB.
	Total Parts Cost ($)
	1611.07
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	Labor
	$45,000

	Parts
	$1611.07

	Grand Total
	$46,611.07
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6.4 Schedule
	Week
	Objective
	Assignment

	1/21
	· Obtain Coil Gun and have first meeting with Karl
· Restructure frame by modifying PVC pipe orientation
	Yohan                                

	
	· Create logic flow for microcontroller code
	Jon 

	
	· Design input sensor circuit
	Shashvat

	1/28
	· Design trigger circuit
	Yohan 

	
	· Complete code for launching mechanism
	Jon 

	
	· Schedule safety meeting and design HV modifications
	Shashvat

	2/4
	· Implement sensor I/O circuits on breadboard
· Conduct tests to determine if capacitors leaking
	Yohan 

	
	· Complete code and compile
	Jon

	
	· Complete HV isolation design modifications with Machine shop assistance
	Shashvat


	2/11
	· Debug trigger and output sensor circuits
	Yohan                       

	
	· Create safer capacitor covers and give designs to Machine shop for final modifications
	Jon


	
	· Determine methods to reduce friction within barrel
	Shashvat 

	2/18
	· Continue debugging trigger and output sensor circuits and alter design if necessary
	Yohan                            

	
	· Begin circuit simulations of PSIPCE
	Jon            

	
	· Design optimal projectile size and shape
	Shashvat 

	2/25
	· Implement SCR testing circuit and determine how many need to be ordered
	Yohan


	
	· Order SCR’s with Power Lab consultation
· Draft project templates on AutoCAD 
	Jon


	
	· Design shatter-proof box frame for launch base and consult Machine shop
· Finish simulations on PSPICE or ADS
	Shashvat


	3/4
	· Connect all modules together and ensure power supply specs are satisfied for each component
	Yohan

	
	· Ensure microcontroller implements optimal discharge time
	Jon

	
	· Carry out initial demo and determine how much capacitors have to be charged to meet 15m/s requirement for EOH demo
	Shashvat

	3/11
	· Optimize I/O circuit designs
	Yohan

	
	· Optimize microcontroller code for faster response time
	Jon


	
	· Deconstruct Coil Gun and submit final revision of box frame to Machine shop 
	Shashvat

	3/18
	· Begin EagleCAD circuit designs with electronics shop assistance
	Yohan


	
	· Begin implementing serial display to show speed of projectile during launch
	Jon


	
	· Incorporate I/O circuit design on single breadboard
	Shashvat

	3/25
	· Spring Break
	

	4/1
	· Complete EagleCAD designs and place all components on one board for educational purposes
	Yohan


	
	· Complete serial display to show speed of projectile
	Jon

	
	· Use updated optimizations  on circuit to obtain higher launch speeds (>20m/s)
	Shashvat

	4/8
	· Reconnect all modules and conduct final safety check
	Yohan

	
	· Improve speed display interface to make it more visually appealing 
	Jon

	
	· Test Coil Gun and ensure all promised requirements are satisfied
	Shashvat

	4/15
	· Start and finish final Demo presentation
· Move Coil Gun to smaller portable bench and determine demo parameters (arrangement of components, how much capacitor should be charged)
	Yohan

	
	· Start and finish final Demo presentation
· Create Demo Setup Checklist for future groups working on Coil Gun for EOH
	Jon

	
	· Start and finish final Demo presentation
· Complete cosmetic touch-ups (repaint worn edges, tape down wiring, clean fiberglass)
	Shashvat

	4/22
	· Conduct final demo and presentation
· Start and finish final paper
	Yohan


	
	· Conduct final demo and presentation
· Start and finish final paper
	Jon


	
	· Conduct final demo and presentation
· Start and finish final paper
	Shashvat

	4/29
	· Coordinate with Karl to determine future steps for Coil Gun
· Turn in Lab Notebook and checkout
	Yohan

	
	· Deconstruct all components and place Coil Gun back in Embedded System Lab
· Turn in Lab Notebook and checkout
	Jon, Shashvat



[bookmark: _Toc349821776][bookmark: _Toc349822011]
7 Citations

[1]	Barros, Sam. "PowerLabs Multi Stage Coil Gun Page." N.p., n.d. Web. 14 Feb. 2013.

[2]	"Gauss Gun." Wikipedia. Wikimedia Foundation, n.d. Web. 20 Feb. 25, 13.

[3]	Parmar, Jignesh. "Insulation Resistance (IR) Values." Electrical Notes Articles. N.p., 23    
Mar. 2012. Web. 27 Feb. 2013.

[4]	Seog-Whan Kim; Hyun-Kyo Jung; Song-Yop Hahn; , "Optimal design of multistage 
coilgun," Magnetics, IEEE Transactions on , vol.32, no.2, pp.505-508, Mar 1996.

[5]	"Welcome To The Future: The First Truly Portable Coil gun." TechCrunch RSS. N.p., n.d. Web. 20 Feb. 2013.




image2.png
Sensor

Circuit

Arduino P =i=1 m ==

AL (.

Trigger
Ciruit Capacitor ||

Capacitor || Capacitor ||

Bank Bank Bank

— | 1

| Charge Controller
[

High Voltage Power Supply





image3.png
vce
G

\§R1

vcc
5V

Laser Diode WX

Sensor1A s
APhotodiode

1A A A
vcc
5V
4 Sensori1B 5 |

Laser Diode WX
1B A

APhotodiode

B

vce
[5v

U‘IA/,‘_. Op-amp 1A
- LM324N

11

vce
[5v

UzA/,‘_. Op-amp 1B
- LM324N

11





image4.png
U1

ArduinoUno

— AREF 13 |—
— GND 12 e
— Reset 11 T:Z:::Z PY Outputs
— 3.3V 10 Trgger T ®
— 5V 9
— GND 8 ——rmmen®
SND Z E—
= o o e |nputs
HEELR =
. ] T OpampA ®
Vin — A2 3
A3 2 oA ®
7.5V — »s 1=
— 25 0




image5.png
Gate Signal
to SCR

Arduino
Signal In

ind

Pin1 Pi
Optocoupler Relay

Pin2 Pin3

Coil Windings

HVDC Power





image6.png
Fire Signal
To Arduino

Resistor Box 1
In out

Charge Controller
Fire Button




image7.png
TOPEN =1 TCLOSE =1
1 2 o 1 2
U3 U1
L1 L2
6uH 6uH
Vs - C1
120Vdc 04
R1 R2
.04 .04





image8.png
- KA

.5KA

LKA

.5KA

LKA

Current vs. Time

skl - - - Capacitor Current

Inductor Current

LKA

5KA

o i o

o
8.99955 1.00005 1.00055 1.00105 1.00155 1.00205 1.00255 1.00305 1.00355 1.00405 1.00455 1.00505
5 I(C1) - I(L1)
Time




image9.png




image10.png
Voltmeter

L

L =





image11.png
Fiberglass Isolation
rods which provide
shorting mechanism

Latches to secure
the fiberglass covers

slit holes to avoid
accidental shorting
of wires





image12.png
TOPEN =1 TCLOSE =1
1 2 N 1 2
U3 U1
L1 L2
6uH 6uH
Vs - 1
229Vdc 04
R1 R2
.04 .04





image13.png
8.0KAT— T T T T T T T T T T T T T T T T T T T T T T

7.0kn

6.0kn

5.0kn

u.0kA

3.0kn

2.0kn

1.0kn

=

o
9.99905 9.99955 1.00005 1.00055 1.00105 1.00155 1.00205 1.00255 1.00305 1.00355 1.00405 1.00455 1.00505
° I(C1) - I(L1)

Tine




