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MECHATRONICS ENGINEERING

Course Description:
Students will learn how to design, build, and maintain mechatronic systems that combine mechanical, electrical, and computer technologies to create automated processes and machines. Level one students will be in a hands-on learning environment, developing skills in the use of basic tools, equipment, and the latest technology to understand the fundamentals of mechatronics. They will study the principles of electrical circuits, mechanical systems, sensors, actuators, robotics, and control systems. Students will gain knowledge of programming, troubleshooting, and system integration to create functional prototypes. Advanced level students will enhance their skills by designing and assembling complex mechatronic systems, compiling a portfolio of projects, and working on real-world applications in school and community settings. They will apply their knowledge of robotics, automation, control systems, and sensors to solve problems and improve processes in various industries. 
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Reference Material:
Industrial Maintenance and Mechatronics 

Classroom Tools:
Lab Volt Pneumatic Trainer 
Lab Volt Hydraulic Trainer 
Lab Volt Motor Control Trainer 
Festo Mechanical Trainer 
Dell Computers 
AutoCad 
Fablicator 3D Printers 
Fusion 360 
Allen Bradley Micrologix 1100
Festo AC/DC Training System
Festo Allen Bradley PanelView Plus 
Festo Allen Bradley Micrologix 1200
Compressors 
Weller Soldering Irons 
Hewlett Packard Power Supply 
Hewlett Packard Oscilloscope 
Festo MECLAB 
Festo Level Process Interface
Digital Multimeters  
Basic Hand Tools (Needle Nose Pliers, Wire Cutters, Wire Strippers, Etc.)
Basic Power Tools ( Portable Drill, Drill Bits, Dermal Rollers, Etc.)






Level 1

1st Marking Period
Pennsylvania Task List
202 Practice Safe Work Habits 
203 Use Hand Tools 
407 Define voltage, current, resistance, and power. 


Projects & Assignments
· Cyborg Hand
· Arduino Projects 




































2nd Marking Period

Pennsylvania Task List
103 Maintain a daily journal or timecard 
201 Practice accident prevention 
406 Construct simple circuits 
407 Define voltage, current, resistance, and power 
410 Describe the characteristics and purposes of good conductors of electricity. 
413 Follow Ohm’s Law 
701 Define Resistance 
702 Identify resistor materials 
703 Describe how length and thickness of wire affects resistance 
704 Calculate resistance of a wire 
705 Explain power and heat dissipation in a resistor 
715 Identify values for color coded resistors
1105 Calculate voltage, current, resistance 
1106 Measure voltage, current, and resistance
2123 Identify electrical symbols/schematics for pneumatics 
2124 Apply the fundamental principles of pneumatics
2125 Describe the characteristics of air compressors 
2126 Identify systems used for the distribution and conditioning of air 
2127 Measure and control air flow and air pressure 
2128 Identify pneumatic actuators 
2129 Operate and explain mechanical devices that operate on air pressure 
2130 Construct, test, and troubleshoot a pneumatic circuit
2131 Analyze pneumatic circuits.
2132 Identify where electronic switches and sensors may be found in pneumatic systems 
2133 Interpret electronic control circuits and devices in pneumatic systems. 
2134 Sketch flow path symbols and air logic schematics 
2135 Interpret flow path symbols and air logic schematics. 
2136 Select and use properly sized pneumatic piping
2137 Use dampers, thermostats, switches, pneumatic positioners, linkage assemblies and accessories in pneumatic systems.

Projects & Assignments
· Workplace Safety and Journal Management
· Electrical Basics: Circuit Theory and Ohm's Law
· Conductors, Resistors, and Electrical Measurements
· Pneumatic Systems Overview: Components, Symbols, and Schematics
· Pneumatic Circuit Design and Troubleshooting
· Air Flow, Pressure Control, and Actuators in Pneumatics
· Exploring Careers in Mechatronics and Pneumatics
















3rd Marking Period

Pennsylvania Task List
101 Complete technical reports 
102 Identify the common components of technical documents 
204 Use portable power tools 
205 Use a drill press 
207 Identify electric shock hazards
209 Use fire extinguishers for different classes of fires 
210 Collect safety data sheets (SDS) information
211 Follow arc flash protection and National Fire Protection Administration 70E
402 Describe the application of a magnetic force 
403 Describe the atomic structure for materials
404 Describe the direction of electron flow in circuits 
405 List the effect of electric current flow 
414 Follow Watt’s Law 
501 Use an analog and digital multimeter to measure voltage, amperage and resistance 
901 Connect a capacitors in a circuit 
902 Calculate the time required to charge and and discharge a capacitor 
903 Identify capacitive and inductive circuits 
905 Perform calculations for capacitive and inductive reactance
1101 Build and test a series circuit 
1102 Build and test a parallel circuit
1103 Build and test series/parallel circuit 
1104 Troubleshoot series and parallel circuits. 


Projects & Assignments
· Technical Reporting and Documenting
· Power Tool Basics: Safety and Operation
· Fire Safety and Protection
· Magnetic Force and Atomic Structure in Electrical Materials
· Understanding Current Flow and Electron Movement
· Power Calculations and Watt’s Law
· Using Multimeters for Electrical Measurements
· Building and Testing Circuits

.
















4th Marking Period

Pennsylvania Task List
1601 Interpret Electronic symbols show on diagrams and schematics 
1602 Identify the function of diodes 
1603 Identify the function of Zener diodes. 
1604 Identify the function of transistors 
1605 Identify the function of power supplies
1606 Identify the functions of filters 
1607 Identify the function of half-wave, full wave, and three phase rectifiers. 
1608 Identify the function of thyristors 
1609 Identify the function of single phase and three phase inverters.
1702 Convert between binary, BCD, octal, hexadecimal, and decimal number. 
1706 Construct logic circuits containing and, or, nand, nor, and not gates. 
1707 Create truth tables for and,or,nand,nor, and not logic. 
2204 Install,troubleshoot, repair, or replace, and adjust pressure regulators. 
2205 Install, troubleshoot, and repair or replace airlines. 
2206 Install, troubleshoot, repair or replace, and adjust pumps
2207 Install, troubleshoot, and repair or replace gauges
2208 Install, troubleshoot, replace or repair, and adjust cylinders. 
2209 Install, troubleshoot, and repair or replace filters 
2210 Install, troubleshoot, repair or replace and adjust control valves 
2211 Install, troubleshoot, and repair or replace actuators 
2212 Install, troubleshoot, repair or replace, and adjust pressure switches 
2213 Install, troubleshoot, repair or replace, and adjust replays 
2216 Conduct routine preventative maintenance on pneumatic equipment in accordance with manufacturer instructions. 

Projects & Assignments
· Understanding Electronic Symbols and Diodes
· Exploring Transistors and Power Supplies
· Rectifiers and Thyristors in Electronics
· Inverters in Electrical Systems
· Number System Conversion and Logic Circuits
· Pneumatic System Components and Installation
· Pneumatic System Maintenance and Troubleshooting















Level 2

1st Marking Period

Pennsylvania Task List
2101 Interpret electrical and electronic control circuit symbols and schematics for hydraulic systems. 
2103 Identify fundamentals of hydraulics 
2104 Connect and operate various pumps 
2105 Identify types of hydraulic fluid transmission and conditioning systems
2106 Measure oil flow and oil pressure 
2107 Operate manual and pilot operated directional control valves 
2110 Construct, test, and troubleshoot hydraulic control circuits
2121 Perform adjustments to control oil temperature and pressure 
2122 Conduct routine maintenance on hydraulic equipment in accordance with manufacturer instructions
2217 Install, troubleshoot, and repair or replace hydraulic lines 
2218 Install, troubleshoot, and repair or replace and adjust hydraulic pumps 
2219 Install, troubleshoot, and repair or replace hydraulics gauges 
2220 Install, troubleshoot, and repair or replace hydraulic filters 
2221 Install, troubleshoot, and repair or replace hydraulic directional control valves 
2222 Install, troubleshoot, repair or replace and adjust hydraulic pressure control valves. 


Projects & Assignments
· Interpreting Hydraulic Control Circuit Schematics
· Fundamentals of Hydraulics
· Pump Connection and Operation
· Hydraulic Fluid Transmission and Conditioning Systems
· Measuring Oil Flow and Pressure
· Directional Control Valve Operation
· Hydraulic Control Circuit Construction and Troubleshooting
· Adjusting Hydraulic Temperature and Pressure
· Hydraulic Equipment Routine Maintenance
· Installing and Troubleshooting Hydraulic Lines
· Hydraulic Pump Installation, Troubleshooting, and Repair
· Hydraulic Gauge Installation and Maintenance
· Hydraulic Filter Installation and Troubleshooting
· Hydraulic Directional Control Valve Maintenance
· Pressure Control Valve Maintenance
















2nd Marking Period

Pennsylvania Task List
212 Execute Lock out/tag out procedure 
301 Interpret electrical symbols,notes, details, and components on schematics 
302 Draw schematics for electrical circuits 
502 Use a non-contact voltage tester to detect voltage
503 Perform a continuity test
601 Follow regulations for wiring 
710 Identify components of a potentiometer and rheostat.
802 Apply the theory of operation of a direct current motor 
803 Operate and test a series, shunt, and compound direct current motor. 
805 Perform calculations for horsepower, speed, and torque for direct current motors. 
806 Measure performance and efficiency of a direct current motor
807 Use technical terms to describe the construction of direct current motors 
808 Determine the operations of variable speed control for direct current motors 
1001 Explain the theory of operation of alternating current motors 
1002 Calculate the synchronous speed of an alternating current motor
1004 Connect and operate split phase-capacitor-start, capacitor-run and dual capacitor motors. 
1005 Reverse the rotation of a split phase, capacitor-start, capacitor-run, and dual capacitor motors
1007 Determine the operating characteristics of universal motors
1008 Connect and operate a three phase and squirrel cage motor 
1009 Reverse the rotation of a three phase motor
1201 Identify symbols and terms used in electromechanical motor control circuits 
1202 Identify relays, contactors, and motor starters
1203 Read schematic wiring diagrams of motors and their controls. 
1204 eire a simple two and three wire motor control circuit 
1205 wire a reversing starter 
1206 Wire a multiple push button/jogging control circuits 
1207 Wire sequential control circuits 
1208 Wire and test electrical control circuit
1209 Perform preventive maintenance and troubleshooting on motor controls 
1212 Use conductor ampacity to select wire size and wire type for a specific wiring application 
1213 Lab control and power wiring 
1215 Connect and operate alternating current and direct current variable speed drives 



Projects & Assignments
· Electrical Safety and Lockout/Tagout Procedures
· Reading and Designing Electrical Schematics
· Voltage Detection and Continuity Testing
· DC Motor Theory and Performance Testing
· AC Motor Theory and Operation
· Motor Control Wiring and Troubleshooting
· Selecting and Installing Electrical Wiring
· Variable Speed Drive Connections and Operation










3rd Marking Period

Pennsylvania Task List
1301 Connect and operate a transformer 
1302 Calculate the voltage and turns ratio 
1303 Connect a step up and a step down transformer in a circuit 
1304 Identify transformer windings and related output voltages 
1305 Calculate volt amps of a single phase and three phase transformer 
1306 Measure single phase transformer voltage and currents 
1307 Measure series/parallel transformer voltages and currents.
1308 Demonstrate knowledge of three-phase transformers.
1309 Wire and analyze three-phase transformers.
1501 Troubleshoot and repair motor controls.
1502 Troubleshoot and replace relays.
1503 Troubleshoot and replace sensors.
1504 Troubleshoot and replace limit switches.
1505 Troubleshoot and replace power supplies.
1507 Troubleshoot alternating current and direct current variable speed drives.



Projects & Assignments
· Transformer Connection and Operation
· Voltage and Turns Ratio Calculation
· Step-Up and Step-Down Transformer Connections
· Transformer Windings and Output Voltages
· Volt-Amps Calculation for Transformers
· Measuring Transformer Voltage and Currents
· Series/Parallel Transformer Measurements
· Three-Phase Transformer Knowledge Demonstration
· Wiring and Analyzing Three-Phase Transformers
· Motor Control Troubleshooting
· Relay Troubleshooting and Replacement
· Sensor Troubleshooting and Replacement
· Limit Switch Troubleshooting and Replacement
· Power Supply Troubleshooting and Repair
· Variable Speed Drive Troubleshooting
















4th Marking Period

Pennsylvania Task List 
411 Use prefixes in the metric system of measurement.
1801 Explain where programmable logic control (PLC) networks may be used in the manufacturing process.
1802 Identify the parts and operating principles of PLCs.
1803 Use number systems and codes for PLCs.
1804 Create a relay logic diagram.
1805 Create PLC logic gate functions in PLCs.
1806 Explain PLC logic and math functions.
1807 Explain PLC timer and counter functions.
1808 Explain PLC jump, compare, and sub-routine functions.
1809 Edit PLC programs.
1810 Troubleshoot a PLC system.




Projects & Assignments
· Metric Mastery
· Automation Revolution
· PLC 101
· Binary to Control
· Relay Logic Challenge
· Traffic Flow
· Count Down
· Advanced PLC Tactics
· Code Surge
· PLC Diagnostics
Level 3

1st Marking Period

Pennsylvania Task List
1901 Use vocabulary words and terms associated with the fundamental principles of the transmission of mechanical power.
1902 Construct simple machines and use them to illustrate mechanical principles.
1903 Lubricate bearings.
1904 Install and adjust belt, chain, and gear drives.
1905 Use brakes and clutches.
1907 Set and adjust mechanical stops.
1908 Calculate speed and torque rates of mechanical equipment components.
2007 Troubleshoot and repair or replace speed-reduction units.
2008 Troubleshoot and repair or replace clutches.

Projects & Assignments
· Mechanical Power Vocabulary Challenge
· Simple Machines in Action
· Bearings Maintenance: The Lubrication Project
· Drive System Assembly: Belts, Chains, and Gears
· Brake and Clutch Operations
· Setting Mechanical Stops for Precision Control
· Speed and Torque Calculations
· Speed-Reduction Unit Troubleshooting
· Clutch Troubleshooting and Repair
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2nd Marking Period

Pennsylvania Task List
2301 Follow safety rules and regulations for working around robots.
2302 Use vocabulary words and terms specific to robotics.
2303 Identify major systems of a robot
2304 Identify a robot’s work envelope in a manufacturing cell.
2306 Determine the operation of a robot's drive system.
2307 Determine the mobility of an industrial robot.
2308 Program a robot.
2309 Use a robot for industrial applications.



Projects & Assignments
· Robot Safety First: Safety Protocols in Action
· Robotics Vocabulary Challenge
· Robot System Breakdown
· Understanding the Work Envelope
· Robot Drive System Exploration
· Mobility Matters: Robot Movement and Mobility
· Programming Your First Robot
· Industrial Robotics in Action










3rd Marking Period

Pennsylvania Task List
602 Follow NEC code for sizes and types of wire conductors, raceways, and boxes. 
603 Follow NEC rules for grounding and bonding. 
604 Follow NEC rules for over-current protection devices 
605 Locate the NEC code for motor circuit wiring
606 Use the NEC reference book to locate regulations for industrial electrical installations. 
2401 Identify the fundamental operating principles used in flexible manufacturing systems.
2501 Cut, bend, and install conduit or tubing.  
2502 Install raceway or wire duct.



Projects & Assignments
· NEC Code Wiring Challenge
· Grounding and Bonding Fundamentals
· Over-Current Protection Design
· Motor Circuit Wiring Project
· Navigating the NEC for Industrial Installations
· Flexible Manufacturing Systems Exploration
· Conduit Cutting and Installation Practice
· Raceway and Wire Duct Installation



4th Marking Period

Pennsylvania Task List
1401 Use and care for soldering equipment 
1402 Implement soldering techniques for splicing conductors
1403 Implement soldering techniques for terminals
1404 Remove and Install components on a printed circuit board
2503 HMI Programming 
2504 VFD Set up 



Projects & Assignments
· Soldering Skills Workshop
· Wire Splicing and Soldering Techniques
· Terminal Soldering Project
· PCB Component Installation
· HMI Programming Basics
· VFD Setup and Configuration
























Supplemental Learning Activities


Students who participate in this program will also have opportunities to participate in the following program and school-sponsored activities:

SkillsUSA:  One student will have the opportunity to represent the school in the Industrial Motor Control competition at the district level. Additionally, two students will be selected to compete in the Mechatronics competition, and one student will have the chance to participate in the Automated Manufacturing competition.


Other Competitions:  Students are given the opportunity to participate in several competitions as they become available through-out the three years.

NTHS:  Level II and Level III students who have received a 90% in their career and technical program as well as a “B” average at their sending school are eligible to become a member of the BAVTS Chapter of the National Technical Honor Society.

Cooperative Education:  Students who have attended six quarters in their career and technical program are eligible to participate in a paid working experience during the PM session of BAVTS.  Positions must be available and the students must be recommended by the CTE teacher to be eligible.

Job Shadowing:  Students are eligible to visit business and industry partners for one or more days to view the day-to-day operations of this career area.

Rotary:  Students are eligible to be Rotary Shadows and Artisans and attend a meeting and be recognized. 

Internships:  Students who have completed six or more quarters of their CTE program are eligible to work for a business and industry partner with the recommendation of the instructor and the availability of assignment.

Field Trips:  Students in this program will on occasion attend field trips that expose them to educational experiences within the career field.

10 Hour OSHA Training:  Students will have the 10 hour OSHA training in either their second or third year and have the opportunity to gain the certification with the successful score on the test.
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