ME 106 Course Topic Outline

The following is an outline of the major topics covered in ME 106.
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A. Mechatronics – What is it all about?
1.1. Compare/contrast non-mechatronic vs. mechatronic systems

1.2. Advantages/Disadvantages of mechatronic systems over non-mechatronic systems

1.3. Fundamental elements of mechatronics (the trees in the forest)

B. Important concepts from electronics and circuits
1.1. Voltage, current, resistance/impedance, power, capacitance, inductance

1.2. Thevenin’s theorem

1.3. Voltage division and circuit loading

C. Signal sources and signal conditioning
1.1. Characteristics of signal sources
1.2. Derivation of frequency dependent voltage divider (AKA, low-pass/high-pass RC filter)

1.3. Transfer function

1.3.1. Magnitude

1.3.2. Phase angle

1.3.3. Bode diagrams

D. The Controller
1.1. Hardware overview (using the data sheet)

1.1.1. Ports, pins, absolute maximums

1.1.2. Arduino and Spartan Experimenter Shield
1.1.2.1. Features
1.2. Programming the controller

1.2.1. Digital IO

1.2.1.1. Concept of input and output and configuring pins appropriately
1.2.1.2. Data direction and DDRx register
1.2.1.3. Pull-up resistors and their use

1.2.1.4. Reading from and writing to port pins: Arduino and alternate approaches (PORTx and PINx registers)
1.2.2. Bit manipulations

1.2.2.1. Setting a bit

1.2.2.2. Clearing a bit

1.2.2.3. Determining the state of a bit

1.2.2.4. Toggling a bit

E. Event Driven Programming
1.1. Events

1.2. Services

1.3. State machines

F. Sensors
1.1. Switches

1.2. Photoresistor
1.3. Encoder

G. Signal Conditioning

1.1. Frequency dependent voltage divider (AKA, ‘RC filters’)
1.1.1. Transfer function

1.1.2. Magnitude and phase angle

1.1.3. Frequency response graphs (Bode plots)

1.1.4. Filtering a noisy signal

1.1.5. High-pass and low-pass

H. Power Interface
1.1. The need to source or sink more current than a microcontroller pin can handle

1.2. The need to switch on or off voltages beyond what a microcontroller pin can tolerate

1.3. Diodes

1.3.1. Types, their differences, and their applications

1.3.2. I-V behavior, forward and reverse bias, PIV
1.4. Bipolar Junction Transistors
1.4.1. Types and their construction

1.4.2. Behavior

1.4.2.1. Cutoff

1.4.2.2. Linear

1.4.2.3. Saturation

1.4.3. Interfacing between a microcontroller and an actuator

1.5. MOSFETs

1.5.1. Types and their construction

1.5.2. Behavior

1.5.2.1. Vgate > Vsource to ‘turn on’ (lower the RDS)

1.5.2.1.1. For TTL logic level MOSFET: VGS > 5 V fully on

1.5.2.1.2. For typical power MOSFET: VGS > 10 V fully on

1.5.3. Interfacing between a microcontroller and an actuator

1.6. Switching loads with appreciable inductance

1.6.1. Transient voltage suppression

1.6.1.1. Diode

1.6.1.2. Zener diode

1.6.2. Relay driver example

I. Actuators
1.7. Permanent magnet DC motor (PMDC) fundamental principles

1.7.1. Lorentz force on a moving charge – Force-> Torque proportional to current

1.7.1.1. Torque constant, KT
1.7.2. Faraday’s law of induction – a moving coil induces a back EMF

1.7.2.1. Back EMF constant, KE
1.8. Motor action

1.8.1. Rotation direction

1.8.2. Commutation

1.8.3. Actual construction 

1.9. RC servos

1.9.1. Servo construction

1.9.2. Servo control

1.9.2.1. PWM

1.9.2.2. Generating PWM with the ATmega328
1.10. Torque-Speed relationship for a PMDC motor

1.10.1. Derivation of torque speed equation for a motor in steady state
1.10.1.1. Important points on the torque speed line

1.10.1.1.1. Stall torque

1.10.1.1.2. No load speed

1.10.1.1.3. Slope of the curve

1.10.1.1.4. Operating point

1.10.2. How to obtain higher speed for a given torque

1.10.3. Example from Maxon catalog

1.11. Motor interfacing and control

1.11.1. H-bridge

1.11.2. H-bridge interfacing to a microcontroller

1.12. Stepper motors

1.12.1. Stepper operation

1.12.2. Stepper construction and wiring
1.12.3. Stepper interface and drive

1.12.4. Stepper motor dynamics

1.12.4.1. Pull-in torque

1.12.4.2. Pull-out torque

1.13. Motor sizing
1.13.1. Equation for Tpeak
1.13.2. Estimating/calculating Tfric and Text
1.13.3. Calculating Jtot
1.13.4. Motor sizing example

1.14. Other actuators

1.14.1. Linear motors

1.14.2. Linear actuators

1.14.3. Solenoids

1.15. Motion control mechanics

1.15.1. How to get the motion you want

J. Operational Amplifiers
1.1. Principles and operation
1.1.1. Golden rules: 

1.1.2. Ideal and non-ideal behavior

1.1.2.1. Input impedance

1.1.2.2. Open loop gain

1.1.2.3. Output impedance

1.2. Amplifier circuits

1.2.1. Inverting

1.2.2. Non-inverting

1.2.3. Summing

1.2.4. Buffer

1.2.5. Differencing

1.2.6. Instrumentation amp

1.2.7. Integrator

1.2.8. Differentiator

1.3. Practical limitations

1.3.1. Output voltage

1.3.2. Output current

1.3.3. Gain setting resistors

1.3.4. Gain per stage

1.4. Signal conditioning example

1.4.1. Temperature sensor

1.5. Comparators
1.5.1. Comparator action

1.5.2. Open collector types

1.5.3. Hysteresis

K. Digital-to-analog conversion (DAC) and Analog-to-digital conversion (ADC)
1.1. R-2R ladder DAC

1.2. Successive approximation ADC

1.3. Using the ADC system on the ATmega328
1.3.1. Example and C code

1.3.2. Input range and resolution

L. Digital electronics
1.1. Review of logic functions and logic gate symbols: AND, OR, NOT, NAND, NOR, XOR

1.2. Combinatorial logic

1.2.1. Vote counting circuit example

1.2.1.1. Brute force/quasi logic 

1.2.1.2. Truth table methods

1.2.1.2.1. Sum of Products (SOP)

1.2.1.2.2. Product of Sums (POS)

1.2.1.2.3. Karnaugh Map (if covered)
1.2.2. Combinatorial logic circuit examples
1.3. Logic families: TTL and CMOS

1.3.1. Switching speed

1.3.2. Power consumption

1.3.3. Interfacing the logic families together

1.4. Sequential Logic

1.4.1. RS flip-flop

1.4.2. D flip-flop

1.4.3. JK flip-flop

1.4.4. Symbology

1.4.4.1. Triggering

1.4.5. Example applications
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