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1.0. BASICS: HOW DOES IT WORK 

1.1. Functional Block Diagram And Description Of The System Model

Figure 1 below shows the block diagram of what we are planning on accomplishing. What we are planning on doing is run motor1 from battery bank 1, while charging motor 2. This process will switch when the voltage supplied to motor 1 by the battery bank becomes low. That means, motor 2 will take over and run while motor 1 gets charged. 

The controller takes power from the batteries and delivers it to the motors. The information from the pedal will be read into the micro-controller. The micro-controller will calculate values to be put out to each motor controller. The output from the micro-controller will then run the motor controller, which in turn will provide input to the motor.  

Basically, the accelerator pedal hooked to the potentiometer provides the signal that tells the controller how much power it is supposed to deliver. The controller can deliver zero power (when the car is stopped), full power (when the driver floors the accelerator pedal), or any other power level in between. 

For synchronizing the motors, we will take position information from the steering wheel and drive the appropriate controller accordingly. 


Figure 1

Since the motors that were ordered 2 months back have not arrived, we will be using LED’s to establish the same function. See the figure below (Figure 2) for details of the parts used for wiring the system together:


Figure 2

NOTE: In this diagram, the LEDs play the same function as of the motor. 

This analog potentiometer converts using an A/D POT, the analog signal into a digital signal that the microprocessor (OOPic) can read and process. The OOPic then outputs digital values that are converted into an analog signal using a D/A POT. These values are sent to the controller, which in turn enable the motor to run. 

In this case, the LEDs are used to accomplish the same function as of the motor: dimming the LEDs is no different then controlling the motors. Altering the resistance between two pins of the controller can control the motors. This can be accomplished using a digital potentiometer.  More The POT controls the speed and direction of the motor -- all the way to the left (0 volts) would make the motor go full speed in the CCW direction. Turning the POT to the right would slow the motor down and would stop it when the POT is somewhere in the middle. Turn the POT more to the right and the motor will start slowly in the CW direction, and would continue to increase speed until the POT is all the way to the right (max voltage).
As in the case of LEDs : the LED is attached to the potentiometer, and by varying the potentiometer, the voltage supplied to the LED will vary.  The different voltage supply will cause the LED to change brightness.  It is also important to keep in mind that the potentiometer is supplying enough current is to the LED for the LEDs to change brightness. 

2.0. DESIGN AND IMPROVEMENTS

2.1. How I Came Up With The Design

The basic design was quite simple to come up with, after doing some research online about the different parts and how they worked together. Once I figured out how each different part worked individually and interconnected with the other parts, I had to figure out which technical chip would help in accomplishing the design. Matt Heller and Rick Colombo were very helpful, and helped me figure out details of the design and the parts. I would say that if anyone wants an idea to start with the basics, “How Stuff Works” is an excellent website. I have listed some references that helped me understand the whole system and enabled me to come up with the above design. 

2.2. How The Design Can Be Improved

With the time constraint, and having only about a months’ time, I have been able to get some parts of the system working. There is ample way for improvement. Some issues and safety considerations have to be taken into account. For example, what would happen if the analog potentiometer became unresponsive?  See Figure 3 for the modified system:

If the digital potentiometers become unresponsive, there are two following possibilities for cutting them off:

1. Use a tach switch under the accelerator pedal.  If the driver's foot is released from the pedal, the motors stop receiving a stimulus. (A tach switch is nothing more than a pressure-sensitive switch, which in this case can be used as an accelerator cutoff).

2. Use a tachometer as a feedback control to your system. If the feedback indicates that the wheels are rotating more quickly than desired, you could have a safety algorithm to cutoff the motors. (A tachometer measures speed.  Basically, a wheel provides a stimulus to a stationary sensor.  The stimulus could be in the form of light/lack of light, magnetics, etc. For each pass of the wheel, the sensor will trip and put out either a logic 1 or logic 0 pulse.  If you count the pulses and you know the diameter of the wheel, wheel rotational speed may be determined.)  

 









D/A

Figure 3

3.0. MATERIALS 

3.1. Materials And Parts

_____________________________________________________________________________

Parts 



  Company

        Part # 



Cost



websites listed                 Identification




in information

_____________________________________________________________________________

Brushless DC Motors

eCycle Incorporated

48V/100A


EECS

Digital Potentiometer 

Digikey Corporation

MCP42010-I/P-ND

$2.53

Analog Potentiometer 
TUFTS LAB






  --

14 Batteries (12V)

AAPS

                        PVX-3402T Sun Xtender
$62.25
OOPIC R board

  ---



B. 2. 2 +


$79.00

_____________________________________________________________________________

NOTE: Refer to Appendix I: Bill of Materials for more details.

4.0. INFORMATION ON MATERIALS

4.1. BRUSHLESS DC MOTORS

4.1.1. Background

Motors rely on the external power drive to perform the commutation of stationary copper winding on the stator. This changing stator field makes the permanent magnet rotor to rotate. A brushless permanent magnet motor is the highest performing motor in terms of torque / vs. weight or efficiency. Brushless motors are usually the most expensive type of motor. Brushless DC motor systems are widely used as drives for blowers and fans used in electronics, telecommunications and industrial equipment applications. 

There is wide variety of different brush-less motors for various applications. Some are designed to rotate at constant speed (those used in disk drives), and the speed of some can be controlled by varying the voltage applied to them (usually the motors used in fans). Some brushless DC motors have a built-in tachometer, which gives out pulses as the motor rotates. Brushless DC motors are commonly used in applications like DC powered fans and disk drive rotation motors.

4.1.2.  48VDC Brushless DC Motor (Specs)

The brushless DC motor that we are using is a 48VDC/100A, manufactured by eCycle. The motor comes with a controller, and it is important to be careful and have the both in sync. Otherwise there is possibility of damage to both: Controller damage may result if the motor direction is instantly reversed, especially high speed. It is necessary to bring the motor to a complete stop before changing direction. 

The eCycle brushless motor and controller have been designed for trouble-free operation. The following points are important to keep in mind:

1.The bus voltage determines the maximum speed of the motor. 

2. The maximum torque of the motor will be proportional to the current applied.

3. A reduction of the speed and/or torque will be evident as a result of sustained load on the battery and/ or as the battery pack discharges. 

4. The temperatures have to be 120 degrees C for the motor, and 70 degrees C for the controller. 

The eCycle Motor Controller is designed to operate with a 10K ohm potentiometer (POT) to operate in either bi-directional or uni directional mode. We used a standard 10K potentiometer (MCP41XXX), which will be described more in the section for D/A POT. 

The eCycle Motor Controller operates with the following specs:

Nominal Power Rating:

4.5 kW

Maximum Power Rating:

5kW

Maximum Current: 


100A

PWM Frequency:


30kHz

Input Volatage:


48VDC nominal

Maximum Operating Temp:

70 degrees C

Maximum Power Dissipation:
100 watts

Speed Control: 


10k ohm POT

Weight
:



10lbs.

4.1.3. Two Stage Power Conversion For Brushless DC Motor 

There are two essential elements of brushless motor control. They are current control, which is accomplished by high frequency pulse-width-modulation (PWM), and commutation, which is a sequence of rotating magnetic fields moving in step with the position of the permanent magnet rotor.  Both these functions utilize power transistors, of which MOSFET’s or IGBT’s are most common.

When the two elements are combined, in one device, it is called a 3-phase inverter. Each of the 6 legs of the inverter, perform both PWM and comutation. In the case of 2-stage power conversion, the 2 functions are separated, with a half bridge performing the PWM control for the torque and regen, and a non-PWMing inverter performing commutation.  For more in depth details about the half bridge and PWM, please refer to the data sheet for eCycle Brushless DC Motor/Controller or www.ecycle.com.

Two-stage power conversion has some advantages to offer 1) allows specialization of power transistor function, 2) minimizes PWM in the motor, which is a source of losses, heat, and inefficiency 3) improves the performance of the motor, and 4) reduces the size and cost. 

4.1.4.  How To Control The Speed Of A Motor

To control the speed of a D.C. motor, you need a variable voltage D.C. power source. However, if you take a 12 V motor and switch on the power to it, the motor will start to speed up: motors do not respond immediately, so it will take a small time to reach full speed. If we switch the power off sometime before the motor reaches full speed, then the motor will start to slow down. If we switch the power on and off quickly enough, the motor will run at some speed part way between zero and full speed. This is what a PWM (as mentioned above in 4.1.3.) controller does. It switches the motor on in a series of pulses. Now, to control the motor speed the PWM is varied. 

Consider the waveform below; shows the speed can be varied by varying the width of the pulses. Lets suppose, the motor is connected with one end to the battery positive and the other end to battery negative via a switch MOSFET.

[image: image3.png]



Text and picture source: http://www.4qdtec.com/pwm-01.html
4.2. SINGLE /DUAL DIGITAL POTENTIOMETER  (MCP 42010)

(from the MICROCHIP data sheet)

A Digital potentiometer typically has a serial bus interface, so that the register settings can be easily modified. Based on the value in its registers, MOSFETs inside of the digital potentiometer get turned on/off. The MOSFETs provide the resistance changes.
We are using the MCP42XXX 10K POT with Serial Port Interface (SPI). The MCP42XXX contains two independent channels in a 14-pin PDIP, SOIC or TSSOP package. The wiper position of the 42XXX varies linearly and is controlled via an industry-standard SPI interface. The device consume <1 µA during static operation. A software shutdown feature is provided that disconnects the “A” terminal from the resistor stack and simultaneously connects the wiper to the “B” terminal. During shutdown mode, the contents of the wiper register can be changed and the potentiometer returns from shutdown to the new value. 

The wiper is reset to the mid-scale position (80h) upon power-up. The RS (reset) pin implements a hardware reset and also returns the wiper to mid-scale. The MCP42XXX SPI interface includes both the SI and SO pins, allowing daisy-chaining of multiple devices (see pin configuration).  Channel-to-channel resistance matching on the MCP42XXX varies by less than 1%. These devices operate from a single 2.7 - 5.5V supply and are specified over the extended and industrial temperature ranges.
The digi-POT comes with the following features:
• 256 taps for each potentiometer

• SPI™ serial interface (mode 0,0 and 1,1)

• ±1 LSB max INL & DNL

• Low power CMOS technology

• 1 µA maximum supply current in static operation

• Multiple devices can be daisy-chained together)

• Shutdown feature open circuits of all resistors for maximum power savings

• Hardware shutdown pin available on MCP42XXX 

• Single supply operation (2.7V - 5.5V)

• Industrial temperature range: -40°C to +85°C

• Extended temperature range: -40°C to +125°C
PIN CONFIGURATION
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Source: http://rocky.digikey.com/scripts/ProductInfo.dll?Site=US&V=150&M=MCP42010-I/P
Please refer for better understanding of how the POT functions. 

4.3. ANALOG POTENTIOMETER

A standard analog potentiometer has a wiper that moves as you rotate the knob on the POT. As the wiper moves, the resistance value changes.  

PIN CONFIGURATION
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4.4. BATTERIES

We are using 14 lead acid batteries, each 12 V. Our battery is sealed lead Acid (AGM) deep cycle, part # PVX-3402T.  Please refer to the section on Batteries for all necessary information and for the part  http://www.aapspower.com/
4.5. OOPic R

Refer to the OOPic handbook by Dennis Clark, or check www.oopic.com.

5.0. SCHEMATIC

5.1. Wiring Diagrams

Wiring of the OOPic and the Dual Digital POT


[image: image6.wmf] 

      
NOTE: PIN # refers to the pin on the OOPIC R board.  

For Pin configurations, refer to datasheet of the POT, and page 20 in the OOPic handbook. 

Below is the internal of the POT, where each potentiometer is made up of a variable resistor. The variable resistor and the 8-bit data register determine the wiper position.  Therefore, one side has to be ground and the other is powered with 5 volts.

         



            PW0---LED 0





PA0 ---GND



                  PB0 -- +5V

The reset (RS’) affects the data register and the wipers, bringing them to mid-scale. The Shutdown (SHDN’) disconnects the A terminal and connects the wiper to B, without changing the state of the data registers. These pins can’t be left floating, as both of them will draw negligible current at logic level ‘0’ and logic level ‘1’. 

Wiring of the Analog POT to the OOPic




Pin 9

                  Gnd
  +5V

6.0. SOURCE CODE

‘Initialization for Motor sequence

'Working with the SPI for configuring the I/O ports for the POT. 

‘Refer to page 388 in the OOPic book for a clearer understanding of the variables in the code. 

 Dim my_spi as new oSPI

 Sub Main()

         my_spi.IOLineC= 36

         my_spi.IOLineE= 35

         my_spi.IOLineI= 37

         my_spi.IOLineO= 38

         my_spi.value =255

         my_spi.width=0

         my_spi.operate= 1

 End Sub

LIST OF URLs  FOR REFERENCES

· http://www.electrosales.com/bodine/brushless_info.html


· http://www.4qdtec.com/pwm-01.html
· http://entertainment.howstuffworks.com/joystick.htm
· http://www.howstuffworks.com/motor.htm
· http://my.execpc.com/~rhoadley/magdcmot.htm
· http://www.ecycle.com
· http://www.digikey.com
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At A: The MOSFET is on for a short period and off for a long one, the motor will only rotate slowly. 





At B: The switch is on 50% and off 50%. 





At C: The motor is on for most of the time and only off a short while, so the speed is near maximum.
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