 
 
 
 
 
 

 
  
Cordless Electric Nail Gun
 
 
Final Report
Fall 2012
 
 
 




 
Shaik Mohammad Farooq 
Nithin Reddy
TA: Igor Fedorov


					TABLE OF CONTENTS


1. Introduction
1.1 Purpose......................................................................................................................................3
1.2 Functions...................................................................................................................................3
1.3 Sub Projects...............................................................................................................................4

2. Design
2.1 Alternative designs....................................................................................................................5
2.2 Design details............................................................................................................................5
	2.2.1 Power Supply Module...............................................................................................5
	2.2.2 Battery Voltage Display Unit....................................................................................6
	2.2.3 Boost Converter Module...........................................................................................6
	2.2.4 Buck Converter Module............................................................................................7
	2.2.5 Control Module…………........................................................................................10
	2.2.6 H Bridge Unit……....................................................................................................11
	2.2.7 MOSFET Control…………….................................................................................12

3. Design Verification
3.1 Testing ......................................................................................................................................13
	3.1.1 Power Supply Module...............................................................................................13
	3.1.2 Mechanical Switch.....................................................................................................13
	3.1.3 Buck Converter Module.............................................................................................13
	3.1.4 H Bridge Unit……....................................................................................................14
	3.1.5 Battery Voltage Display Unit....................................................................................17
	3.1.6 UC 3825 PWM……………......................................................................................18		3.1.7 Motor………….........................................................................................................18
	
	
4. Cost
4.1 Labor .......................................................................................................................................19
4.2 Parts.........................................................................................................................................19

5. Conclusion...............................................................................................................................................20
	5.1 Accomplishments.....................................................................................................................20
	5.2 Uncertanties..............................................................................................................................20
	5.3 Ethics.......................................................................................................................................20
	5.1 Future Works.........................................................................................................................20

6.  Citations..................................................................................................................................................21
7. Appendix………...................................................................................................................................23

I. Introduction

The most common methods of implementing a nail gun have been   by using use batteries and electric motors, combustible gas charges or pneumatically with compressed air. Each of these types of nail guns has their disadvantages. The nail gun from the electric motor is found to be very bulky and heavy. Meanwhile, the pneumatic nail gun consists of extra accessories which make it very hefty and expensive. The explosive gas charge nail guns require regular maintenance and also needs a battery to function. It is evident how much inconvenience each of these nail guns can cause the user. It would be so much easier if we had a battery powered cordless nail gun.
The main goal of the project is to develop the drive mechanism that converts rotational energy from a battery powered open frame motor to translational energy to drive a fastener through a wood substrate. The rotational energy of the motor will be used to compress the spring. The design solution aims to deliver approximately 40 J to the fastener.
 
1. Purpose

The Purpose of this project is to implement our knowledge of power systems, IC design, testing and debugging to engineer and develop a cordless electric nail gun. We have observed many different types of nail guns and each of these nail guns have their own flaws. We designed a concept that would eliminate the lack of portability that these nail guns normally possess.

We designed this system keeping in mind that rechargeable or disposable batteries could be used. By using batteries, we provide portability to the nail gun unlike the other types of nail guns (combustion nail gun or pneumatic nail gun).Another idea that we wished to implement was to give a nail gun the ability to display battery life. The ability to display battery life is something that is not normally part of a nail gun’s functionality. This battery display system separates our nail gun from other nail guns.
   
2. Functions
Our cordless electric nail gun system is divided into multiple sub projects. This can be seen in image of appendix. The functioning and specifications of the modules can be seen in section 1.3.

It is imperative that we maintain a constant voltage of 15 volts as this will keep our motor spinning at the right amount of speed. Another important module that is essential for the correct nature of the circuit is the PWM module which will vary its duty cycle based on the input voltage from the voltage source (battery) in order to consistently maintain the desired speed and voltage for the motor.

The motor control circuit will provide a 15 volt output that will rotate the motor to the 240 RPM and this, theoretically, should drive a nail through a wooden substrate.

3. Sub Projects:

The design was broken into various modules as shown in the block diagram as follows. A brief description of each module is as follows:

3.1 Power Supply Module:  The Power Supply Module needed to convert a 15-18V DC supply to +15V output. The power supply is an 18V lithium-ion battery. 

3.2 Battery Monitoring Display Unit:  The battery monitoring unit needed to display the battery discharged at any given point. This unit would measure the input voltage from the battery and indicates the amount of battery life left with the assistance of LEDs.

3.3 Buck Converter Module: The buck converter, a step-down DC to DC converter, was needed to convert the input voltage from the 18V battery to 15V. Our circuit was designed for an input of 15V to the motor. 

3.4 Control Module: The control module governs the entire circuit as this module is responsible for driving the H-bridge and maintaining an appropriate duty cycle to control the speed.

3.5. H-Bridge: The control module was required to control the motor. The control module regulated the activation, deactivation and the direction of rotation the motor. 


II. Design

1. Alternative Design

[image: block diagram (small)]Initially, the project was divided into two subprojects consisting of the gate drive/converter aspect, and the motor control/feedback aspect. The gate drive produces a duty cycle through PWM comparison, and feeds it to the gate of the MOSFET in the converter.  The converter output is then measured through a current sense resistor, whose reading is sent to the control circuit.  Within the control circuit, the converter output is compared to a user-defined control reference through the use of operational amplifiers.  The resulting error signal is then sent back to the gate drive, which compares the error signal to the internal reference, in order to adjust the duty ratio, and thus adjust the converter output. We found out that this design was more suitable for a high powered motor. We wanted to make a cheap motor 		Fig. 1 – Alternate Design Block controller design and hence discarded this design. 

2. Design Details

	Our circuit was implemented using to sub-circuits controlled by two IC chips. The first circuit is a buck converter with its switching proscribed by the UC3825 chip. We designed the converter to decrease the input from lithium-ion battery to a constant 15V. The second half of our circuit is an H-Bridge with a LS7260 chip to control the gates of the four MOSFET and therefore the output voltage to the motor. In this manner, the LS7260 is maintaining a user specified output voltage; the motor speed will also be determined by the user.

2.1 Power Supply Module
The input source is taken directly from a conventional lead-acid battery. The reserve capacity of the battery is fully dependent on the quality and cranking amps. The output to the boost converter is 15-18Vdc with a current range of 56 amps depending on the speed setting.
 
2.2 Battery Voltage Display Unit
 As the battery continues to discharge with each shot, we would like to know when the battery is getting low. This circuit consists of 3 LED’s which will light up for specific voltages. If the battery is full, then we expect the green LED (D1) to light up and if the battery goes below a certain level then we intend for the red LED to light up (D3).If the battery is between the two threshold voltages, then we intend for the yellow LED (D2) to light up. With the assistance of the Op-amps (LM741), the voltage difference between the 2 terminals of the op-amp will be amplified. The circuit consists of 2 variable resistors (R12 and R14) in the circuit. This will allow us to adjust the thresholds for the LEDS when we wish to use batteries of different voltages.
  [image: ]
Fig 2 - Battery Voltage Display Circuit

2.3 Boost Converter Module
 
Initially we implemented a Buck converter in our design as we were using an input of 12V and our desired output was 15V. Later we changed the design to use an input of 18V. Hence we implemented a buck converter. Nevertheless, we would like to mention the boost converter design we used. The boost converter, or step-up converter, is a switching dc/dc converter that produces an output voltage greater than the source. The boost converter design consists of four main elements: Inductor, MOSFET, MOSFET Control, and Diode. A general layout of the boost converter in the below figure:
 [image: ]
Fig 3 - General Boost Converter Design
    
2.4 Buck converter Module

A buck converter is a step-down DC to DC converter. Its design is similar to the step-up boost converter, and like the boost converter it is a switched-mode power supply that uses two switches (a transistor and a diode), an inductor and a capacitor.
[image: ]
Fig 4 - Buck Converter Schematic

2.4a Inductor	

One of the major aspects of the buck converter is the design of the inductor. Special consideration must be taken in choosing a core in order to accommodate at least 50A.  The problem that arises is saturation and hysteresis at such high current levels.  The power lab contained several iron powder cores which had a relative permeability of 75μo.  Iron powder composed cores are known to possess a flux density of at least one Tesla and are also much smaller in size as opposed to a ferrite core of similar specifications. The toroidal shape by geometry tends to minimize leakage flux and allows easy access to the window area for winding.  Upon recommendation, a T225-26 core was chosen for its permeability and size. As mentioned the 26 mix has a permeability of 75μo.  The core has an outer diameter of 2.25 inches, an inner diameter of 1.405 inches and a height of .55 inches.  As shown in equations (1) and (2), the inductance needed for a frequency of 30 kHz came out to be approximately 60μH.  A frequency of 30 kHz was chosen for the mere fact that the core is not stable at higher frequencies with such a large current.  If the frequency were chosen any larger the losses would significantly increase which in turn decreases the efficiency.  	

										    (1)

							  	    (2)
	The equivalent resistance provided by the core is shown in (3).  The minimum amount of turns needed to achieve at least 60μH is calculated in equation (4).  The core was actually wrapped with 30 turns to ensure proper minimal ripple.  Equation (5) calculates the maximum flux based on Figure 3 and the dimensions of the core.  With the maximum flux, the maximum current was then calculated in equation (6).  Ideally, the maximum current is 50A so the core should not saturate due to its maximum current rating of 71.24A.

		    	    	   (3)	
	  

	 		  (4)
		

				   	 (5)
	

		             (6)
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Figure 5 - BH Curve for Inductor Core
	In the worst case scenario the wire used in wrapping the inductor would need to carry about 60A taking losses into account.  According to the National Electric Code (NEC), 8awg can carry a maximum of 70A in free air.  Since the wire is pvc coated, it can withstand approximately another 5A above the free air rating.  This will be the gauge of wire used throughout the circuit wherever full current can flow.  Due to the fact that 8 gauge is rather difficult to wrap around the window area of 44.18cm2, a flat braided copper was chosen for its flexibility and ease of wrapping.  The flat braided copper implemented has a width of a quarter of an inch which is equivalent in cross sectional area to that of an 8 gauge wire.  The flat braided copper had to be insulated since the wire is not coated.  Since the wire used was not a typical round gauge wire, the number of turns determined may be off by a bit due to the wire being braided within it.  The core was wrapped so the surface area was completely covered which took 30 turns.  The inductance resulted in 90μH which is good since at least 60μH was needed.  The next component modeled in the buck converter is the MOSFET which is used to vary the duty cycle.

2.4b MOSFET
	An n-channel MOSFET with current ratings exceeding 70A was sought, but tough to find in the T0-220 package.  After searching through various manufacturers, a STB200NF04 by STM was utilized.  The STB200NF04 is contained in a T0-220 package with ratings of 120A, 40V and a minimal on state resistance of 3.7mΩ.  The NFET has a duty cycle ranging up to approximately 33% that was determined by the Unitrode gate drive control chip, UC3825.  

2.5 Control Module
	The UC3825 is a high speed PWM controller that can be used for either voltage or current mode topologies.  The basic pin layout is shown in Figure 4.  
[image: ][image: ]






Figure 6 - UC3825 Pin Layout		Figure 7 - Voltage Divider

	For this circuit, a voltage topology was employed. The controller provides protection circuitry such as a current limit comparator with a 1V threshold, a TTL compatible shutdown port, and a soft start pin which will double as a maximum duty cycle clamp.  It also features totem pole outputs designed to source and sink high peak current from capacitive loads and has fully latched logic to provide jitter free operation.  The UC3825 provided closed loop operation through a proportional integral negative feedback from the output bus voltage to provide output voltage regulation.  Figure 7 and equation (7) outlines how the voltage divider feedback functions in the buck circuit except in a simplistic form.  R1 and R2 were chosen such that Vout would be 5.1V.  V1 is the dc bus voltage that is wanted at the buck output.  To get an output of 15V, R1 and R2 were chosen to be 750kΩ and 390kΩ that will output 5.13V.  The UC3825 compares the output voltage from the voltage divider to the internal reference of 5.1V and adjusts the duty cycle accordingly to maintain the 5.1V.  As stated previously the frequency of the PWM controller was set to 30 kHz through a resistor and capacitor combination.  The UC3825 outputs two out of phase gate signals with dead time but only one was needed so the dead time and phase was not of concern.  The next switching device needed was the diode.

				 (7)


2.5a Diode
	The diode requires the same specifications as the MOSFET.  A DO-4 package MBR6030L Schottky diode by General Semiconductor was chosen due to its ratings of 150A and 30V.  A Schottky diode has a minimal voltage drop making it an ideal choice.  The duty ratio of the diode is the exact opposite of the MOSFET.  The output of the diode goes to the output capacitor which regulates the voltage ripple.

2.5b Capacitor	
	The output capacitor size is determined by the amount of maximum voltage ripple specified.  The minimum amount of capacitance needed is calculated in equation (8) and (9).  To completely minimize any ripple, a 2200μF electrolytic capacitor was used in parallel with a 10μF film capacitor to suppress any high frequency ripple.

							     		           	      (8)

							      (9)

2.6. H bridge Unit

The H Bridge is used to change the direction of the motor or completely stop the motor. This H Bridge will indirectly control the compression of the spring that is needed to drive the nail. The common control method of an H bridge is to use a PWM chip (LS7260). For this purpose, 4 MOSFETs were used as shown in Figure 5.With the assistance of the control unit, the inputs to the MOSFETS of the H Bridge are adjusted to accommodate the user defined action.. When the inputs to the MOSFETS M1 and M3 would be on, the motor will spin in the forward direction. However, when the inputs to MOSFETs M2 and M4 would be on, the motor will be spinning in the reverse direction. All the MOSFETS must be heat sunk.





[image: ]2.6a Dynamic Braking
 Before the H-Bridge, a resistor and a switch will be placed in parallel. When current flows between the H-Bridge and buck converter the switch closes. This braking resistor is provided to protect the buck converter from any reverse power flow.							      									
								Figure 8 - H Bridge Functioning
2.6b MOSFET						
	The MOSFETs for the H-Bridge needed to be able to handle more than 70 A, so the STB200NF04 was used for the NFETs and the STB80PF55 was used for the PFETs. .  Both were contained in a T0-220 package. The NFETs had ratings of 120A and 40V.  The PFETs have ratings of 80A, 55V, and a minimal on state resistance of 1.8mΩ. 

2.7 MOSFET Control
	The control portion of the circuit is primarily responsible for ultimately regulating the input voltage to the motor. The control unit also adjusts the inputs to the MOSFETs of the H-Bridge to vary the motor direction and has built in dead time to assure that all four MOSFETs are not on at the same time within the H-Bridge.  Figure 6 shows the pin layout of the LS7260.
[image: ]
Figure 9 - LS7260 Pin Layout
	The LS7260 was used to control the MOSFETs in the H-Bridge and there by the voltage output and the motor speed. The Commutation Select capability of the LS7260 was not needed for the H-Bridge application. The gates of the MOSFETs were driven using four of the six outputs on the chip. Out 1-3 were specified to drive PFETs, and Out 4-6 were to drive NFETs. By using this chip, the H-Bridge can be disabled using the Enable or Brake switch. This would cause the voltage to the motor to vanish and therefore stop it. It also allows for either forward or reverse operation of the motor through the use of a switch. The Sense inputs were not used for our application. The Oscillator determined what the switching frequency would be given a specific resistor and capacitor combination. The V Trip was connected to a potentiometer to allow the user to set the voltage across the output and therefore the speed as well. The Overcurrent function was an added safety feature to give the motor some protection from large currents. The Overcurrent could also be set using a potentiometer based on how much current the applied motor can handle.


III. Design Verification

1. Testing 
The testing procedures for the various blocks of the circuit are described below. A more detailed view of our verification and requirements is shown in table in the Appendix C.

1.1 Power Supply

The Power supply was relatively easy to test as all we needed to do was simply test the voltage across the battery with the help of a multimeter. The voltage source of our entire circuit was be 15 volts. We ensured that the 18V battery gives us at least the desired 15 volts.

1.2 Mechanical Switch

The mechanical switch was tested in the same manner as the power supply except for the fact that it was tested for current across the switch.

1.3 Buck Converter
To ensure that the buck converter was continuously outputting 15V, various inputs ranging from 15-25V were used. For the inputs that are below 15 volts, the buck converter will simply reflect the input voltage provided. As seen in Figure 16 the voltage was nearly 14.8V for all inputs resulting in near 100% regulation.  The voltage was only off by about 1.3% due to the voltage divider feedback not having a precise reference output of 5.1V.  This was due to a varying 5% tolerance level in the resistors and also since the voltage divider was calculated to output 5.13V.  Regardless, the output was still within specification.  To verify that the buck converter would output 15V with a normal battery, two Optima deep cycle battery were placed in series and  utilized.  The battery had a measured voltage of 17.6V.  The buck output did indeed remain at approximately 15.2V as with the adjustable Kenwood power supply.  
The voltage ripple was also of concern since the specification stated that it had to be less than.  This was also within specification since there is a peak to peak ripple allowance of 4%.

[image: ]
Figure 10 - Buck Converter Voltage Ripple with 10Vin
1.4. H-Bridge	
To verify that the H-bridge functioned correctly at lower inputs, the voltage potentiometer was adjusted to output approximately 5V across the motor terminals with a small load of 8.33Ω.  The resulting waveforms for the forward bias are shown in Figure 17.  For reference channel 1 is the buck converter NFET switching signal taken from drain to source, channel 2 is the output voltage, channel 3 is the output current and channel 4 is the buck converter output.  As shown, the buck output maintained approximately a 15V output.  The motor output follows a sawtooth waveform with a 5V output.  The current also follows a similar sawtooth shape with an output of about 1.2A.  Channel 1 shows that the NFET is switching on and off to accommodate the set reference voltage from the UC3825 .  Also worth noting is the fact that there is slight ringing in the on-state of the NFET.  This ringing is due to no load present at that particular instant.  This could be suppressed by placing a small resistor in parallel with the output buck capacitor to dissipate any ringing or oscillations.  The noise spikes seen in the switching voltage and output voltage are brought upon by the current switching on and off.  This is acceptable and expected.
[image: ]
Figure 11 - Outputs for an 11V input and 5V Output	T
The same values were used for the input and potentiometer voltage but with the LS7260 set to output a reverse voltage (grounding pin 19).  Figure 18 is the output that corresponds to the reverse voltage.  The waveforms are almost exactly the same except with negative voltage and current across the motor terminals. Again the switching signal would be much cleaner if a small resistor was placed in parallel with the buck capacitor.
[image: ]
Figure 12 - Outputs for an 11V input and -5V Output


Quantitative Results / Graphs / Measurements of H Bridge 

The H bridge circuit was designed and simulated in PSpice under the conditions that it would receive an output voltage from the boost converter. We see from the simulation results that the circuit performs as we expect it to and we can visualize that the motor will respond to the voltage from this circuit and turn in the state specified direction. Pulse voltage sources are used to model the duty cycle signal from the PWM chip and the pulse width can be modified to a variety of percentages of the total signal’s amplitude, which in turn changes the average voltage that the motor receives. 
With a Pulse Width of 12 ms and a period of 12 ms, the motor will get the full 12 volts, as seen in the first simulation PSPICE plot. However, when we change the Pulse Width to 8 ms or a duty cycle of 2/3, it can be seen that the average of the DC voltage that reaches the motor is 2/3 of the total 12 V. This is seen in the second plot.

[image: ]
Figure 13 - Schematic for H Bridge Diagram
[image: ]
Figure 14 - Simulation with PW=12 and period=12
[image: ]
Figure 15 - Simulation with PW=8ms and period=12ms

1.5 Battery Voltage Display Circuit
The battery monitoring circuit was verified to see if it was acting like it was supposed to. With the assistance of a variable voltage source, we varied the voltages from 18 volts to 16 volts. We observed that the respective LEDs lit up for the appropriate threshold.

[image: ] 	[image: ]	[image: ]
Figure 16: Battery Voltage Display for Different cases

1.6 UC3825 (PWM Circuit)
The PWM circuit was tested with varying voltages and observed for change in duty cycle in order to vary the speed of the motor. Unfortunately, we were unable to measure the speed of the motor with  due to the absence of a proper tachometer that could measure the speed of our test motor.

We were able to control the speed by varying the variable resistance of the PWM circuit and we were able to observe the change in speed visually but we were unable to measure the exact speed.

1.7 Motor
We were unable to find a motor that perfectly matched our required specifications, so we tested our circuit with a variety of different motors (Minertia motor and Litton 4Z143 motor) to see how our circuit performs. The lack of a tachometer forced us to believe the data sheets of the motors that we used.







IV. Costs
 6.1 Labor Costs
	Team Member
	Dream Hourly Wage 	($)
	Overhead
(*2.5)   ($)
	Total Time Spent (hours)
	Total Cost
($)

	Nithin Reddy
	30
	75
	144
	10800

	Shaik M Farooq
	30
	75
	144
	10800

	 
	 
	 
	Total
	20600


 
 Note: Total hours = 12 weeks of work at 12 hours/week
Total Cost = Parts + Labor = $56.57 + $20, 600 = $20, 656.57

Cost of Labour is attached in table 4.2 in appendix C.

V. Conclusions
1. Accomplishments
We were able to design and build a low cost and low power DC motor controller circuit. Our circuit and design worked as a whole and also modularly. The use of low power devices allowed for a long expected battery life. With that the entire system successfully ran off of a battery supply. One of the major goals of the project was to make a light portable nail gun. We were successful in making a very light weight design. . The project was overall a success given that the controller meets almost all of its specifications and is much cheaper than current productions.

2. Uncertainties
The main uncertainty involved with our motor controller is the stability of the speed control. The integral controller, although a very effective controller in that it has the ability to return the speed back to the exact set point following a disturbance, is very difficult to stabilize. The integrator responds relatively slowly to an error signal, which creates a deviation the moment the error is produced.  In addition, the inefficiencies of the converter and the overall circuit were not really taken into account. 


 3. Ethics Discussion

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." 
Our group was aware of the safety hazards involved. We did not make a working model, so there were no risks involved. However if it were made we would have issued an advisory warning for the nail gun to not be used by children under 15 years of age and under supervision by children between the age groups of 15-18 years. Also, the nail gun can cause serious injuries if accidentally shot anywhere on human body. 
2. “to seek, accept, and offer honest criticism of technical work, to acknowledge and correct errors, and to credit properly the contributions of others”
Working in a group of two on this project, we all abide to this IEEE code of ethics by critiquing each others work such that the best possible product comes to success. In addition to this, we will put forth our best possible effort towards our goals.

4. Future Work/ Alternatives
The efficiency of the Buck converter can be improved to reduce power loss from the buck converter. A better user interface can be made to make the product into a commercial success. 
Furthermore it could be possible to reduce the distortion and increase stability so that a real lead-acid battery could be used as the current source.  Although our project didn’t reach the level of being able to test with a real battery, since the project was intended for motor control, it would have been ideal to get the system running with a power supply intended for actual motors.  
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APPENDIX A

Fig.1 Block Diagram
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 A.1 - Block Diagram










APPENDIX B

Fig.2 Design Schematic
 
[image: ] 
B.1 - DC Motor Controller Schematic





APPENDIX C
Requirements and Testing

	Performance Requirements
	Verification

	Power Supply
1 Supply constant and enough voltage to power to the circuit.
2 All the individual components power on and work consistently
	The voltage source of our entire circuit will be 18 volts. We will need to ensure that the battery provided gives us the desired 18 volts.
1 Set the multimeter to voltage mode.
2 Place the leads of the multimeter across the battery..
3 Observe the reading on the multimeter .


	Mechanical Switch
 Ensure that switch is properly connected and that triggering the switch will have the desired effect.
	We can test this by using a multimeter to detect current flow across a switch.

4 Set the multimeter to current mode.
5 Place the leads of the multimeter across the switch.
6 Observe the reading on the multimeter and check if there is current flow.


	Battery Voltage Display Circuit
The battery monitoring circuit consists of LEDs that need to flash when the battery reaches a certain voltage.
1  The green LED flashes when battery is 12 volts.
2 The red LED flashes when the battery  is 11 volts 
3 .The yellow one will flash when the voltage is in between 11 and 12 volts.
	The battery is 40 percent full when red, 40 to 70 percent full when yellow and 70 to 100 percent full when green. 
          Once the circuit has been assembled, we will apply different voltage sources to the circuit and we should see the LED’s reaction to the applied voltage. The procedure is as follows
1 Set power supply to 12Vdc.
2 The green Led should flash. If it does not flash, then use an oscilloscope to measure the diode voltage.
3 This will determine if the LED is faulty.
4 We change the power supply and see if the respective LED will light up. If it does not light up, then we repeat the above procedure with the oscilloscope.

	3. Buck Converter
1 The buck converter will increase the voltage from the power supply to the required voltage for the motor.
2 For an input voltage greater than 15 volts we 
	The output voltage of the buck converter will be  tested by using batteries with varying input voltages(15-18 volts).The procedure to test the buck converter would be as follows

1 Set power supply to 15 Vdc.
2 Measure and record output of the converter using an oscilloscope.
3 Increase power supply voltage incrementally to 21 Vdc while keeping a record of the output voltage.
4 The converter should maintain a set voltage level with minimal ripple of about 5% to satisfy the requirements.
5 Check the duty cycle based on the input and output voltages.

	H bridge
The H bridge consists of 4 MOSFETS which will determine the direction that the motor will spin based on the inputs to the 4 MOSFETS.
1 When the inputs to M1 and M4 are high and M2 and M3 are low, we should see the motor spinning in the forward direction.
2 When the inputs to M2 and M3 are high  and the inputs to M1 and M4 are low, we should see the motor spinning in the reverse
	Once the circuit has been assembled and the motor has been attached to the H bridge, we will apply different inputs to the 4 MOSFETS and see if they match the state table listed above. The procedure is
1  Set voltage to 15 volts DC(buck converter output voltage)
2  Using the PWM control chip, we influence inputs to the MOSFETS and observe how the motor will spin.
3 We will check and see if the motor spins in the direction indicated for that state.

	
UC3825(PWM Circuit)
The Circuit should modify its duty cycle to consistently generate the desired output votlage through the buck converter
	The PWM circuit will vary its duty cycle based on the voltage from the battery. Hence different voltages will be supplied to PWM which will be measured and the corresponding duty cycle will be seen if it is accurate or not.

1 Connect an oscilloscope to the PWM chip output. 
2 If the IC is operating properly, the oscilloscope display should show a square wave.
3 Some displays will read the frequency out directly, but if not invert the time for one full cycle.
4 An alternate method of measuring the frequency is to use a multimeter. Connect one lead to a test point and another lead to the ground point. Note that we must switch the multimeter to the appropriate mode.

	Motor
1 The motor should rotate at 240 Rpm
2 The motor should have a  torque rating of 500 inches per pounds.

	A tachometer will be used to measure to the number of rotations of the motor and the axle. The procedure is as follows:
1 Attach a colored disc to the motor shaft
2 Turn on the non contact tachometer.
3 The tachometer will measure the varying light reflection with its brightness sensor.
4 Observe the reading on the tachometer.
 An alternate method to measure the Rpm of the motor was done by using a contact tachometer but the result was inaccurate.





4.2 Cost of Parts
	Part #
	Manufacturer
	Description
	Subckt
	Price
	#
	Total

	    P5155-ND
	Panasonic
	470 uF cap
	Buck
	$0.45
	1
	$0.45

	STB80PF55
	STM
	PMOSFET
	H-B
	$3.12
	2
	$6.24

	STB200NF04
	STM
	NMOSFET
	Both
	$2.40
	3
	$7.20

	MBR3060L
	Gen. Semi.
	Diode
	Buck
	$1.25
	1
	$1.25

	UC3825
	TI
	Control chip
	Buck
	$1.60
	1
	$1.60

	LS7260
	LSI
	Control chip
	H-B
	$3.05
	1
	$3.05

	75-56AQ10
	Vishay
	10 pf cap
	H-B
	$0.43
	1
	$0.43

	C0603C104J4RACTU
	Kemet
	0.1 uf cap
	Buck
	$0.32
	4
	$1.28

	9C08052A1002JLHFT
	Yageo
	10 k res
	H-B
	$0.32
	4
	$1.28

	P1.00KFCT-ND
	Panasonic
	1 k res
	Buck
	$1.67
	1
	$1.67

	140-XAL450V4.7
	Xicon
	4.7 uF cap
	Buck
	$1.17
	1
	$1.17

	270X232A253B1A1
	CTS
	25 k res
	Buck
	$2.71
	1
	$2.71

	P100KFCT-ND
	Panasonic
	100 k res
	H-B
	$0.89
	1
	$0.89

	CCF-07
	Vishay
	1 M res
	H-B
	$1.43
	1
	$1.43

	P44229-UG
	Dexter
	Inductor core
	Buck
	$5.00
	1
	$5.00

	3352W-104-ND
	Bourns
	Potentiometer
	 
	$0.60
	4
	$2.40

	Total
	 
	 
	 
	 
	 
	$56.57


 
Total Cost = Parts + Labor = $56.57 + $20, 600 = $20, 656.57
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