Student Competency Record
Small Engine Repair
EETC Standards and Competencies
	Student
	School Year

	Center/Region
	Instructor Signature


Rating Scale
1
Cannot perform
2
Can perform with supervision 

3
Can perform with limited supervision 

4
Can perform without supervision 

5
Can teach others

Students will be expected to achieve a satisfactory rating (one of the three highest marks) on the Student Competency Record rating scale on at least 80% of the required competencies listed below.
	
	Small Engine Repair EETC Standards
	Date
	Rating

	
	1. Competencies Required of All Categories
	
	

	
	a. Work Habits
	
	

	
	i. Demonstrate the proper lifting and blocking of equipment.
	
	

	
	ii. Demonstrate the safe usage of all service shop tools.
	
	

	
	b. Work Environment
	
	

	
	i. Maintain and clean and safe work environment.
	
	

	
	ii. Maintain clean tools and equipment.
	
	

	
	c. Personal Safety
	
	

	
	i. Demonstrate safe work habits by wearing approved eye, ear and skin protection.
	
	

	
	ii. Demonstrate personal safety practices such as proper personal clothing, jewelry, shoes.
	
	

	
	iii. Recognize industry accepted procedures for using proper safety devices, including lock out tags.
	
	

	
	d. Emergency Awareness
	
	

	
	i. Demonstrate the proper use of fire extinguishers.
	
	

	
	ii. Recognize emergency evacuation procedures, apply fire safety awareness, and describe safety precautions to prevent fires.
	
	

	
	e. Regulations
	
	

	
	i. Recognize use of safety color codes.
	
	

	
	ii. Identify hazard communication labels and symbols.
	
	

	
	iii. Explain Material Safety Data Sheet (MSDS) purpose, use, and position.
	
	

	
	iv. Describe hazardous materials safe handling and disposal as required by EPA local ordinance.
	
	

	
	v. Recognize and observe industry and OSHA, federal and state safety and environmental rules.
	
	

	
	f. Shop Practices
	
	

	
	i. Document service work on work orders.
	
	

	
	ii. Document parts and shop supplies on shop inventory lists and work orders.
	
	

	
	iii. Complete various OEM warranty forms.
	
	

	
	g. Technical Publications
	
	

	
	i. Describe types of service and parts manual formats and their applications.
	
	

	
	ii. Demonstrate the ability to use and interpret reference manuals and materials correctly.
	
	

	
	iii. Recognize industry specific terminology as well as demonstrate proper usage of labor time guides and flat rate time.
	
	

	
	iv. Look up parts using paper, microfiche and electronic parts and service lookup systems (CD-ROM and the internet).
	
	

	
	h. Tools and Equipment
	
	

	
	i. Demonstrate proper and safe use of all tools.
	
	

	
	ii. Clean and return tools to proper storage area.
	
	

	
	i. Hand Tools
	
	

	
	i. Identify the basic hand tools.
	
	

	
	ii. Demonstrate the proper use of hand tools.
	
	

	
	iii. Demonstrate the proper care and storage for hand tools.
	
	

	
	j. Precision Measuring Tools
	
	

	
	i. Identify, care and store measuring tools.
	
	

	
	ii. Make accurate measurements.
	
	

	
	iii. Demonstrate use of the following tools.
	
	

	
	     • Micrometers
	
	

	
	     • Dial Indicator
	
	

	
	     • Bore gauge
	
	

	
	     • Feeler gauges
	
	

	
	     • Dial calipers
	
	

	
	     • Compression gauge
	
	

	
	     • Vacuum gauge
	
	

	
	     • Pressure gauge
	
	

	
	     • Tachometer (analog/digital)
	
	

	
	     • Digital multi-media
	
	

	
	iv. Demonstrate identification of torque wrench styles.
	
	

	
	v. Demonstrate the proper use, maintenance and calibration requirements of torque wrenches.
	
	

	
	vi. Demonstrate understanding of the manufacturers torque values and where to find the specification.
	
	

	
	vii. Demonstrate the following torque methods and procedures:  Incremental torque and Break-away torque.
	
	

	
	viii. Identify the various types of lifting and hoisting equipment.
	
	

	
	ix. Demonstrate proper and safe use of hydraulic tools used by the technician:  Hydraulic presses, Hydraulic Pullers.
	
	

	
	x. Troubleshooting
	
	

	
	xi. Demonstrate an understanding of the principles of troubleshooting including:  Can identify systems and the components; Understand the sequence of events in a system; Can access technical manuals to find information and specifications.
	
	

	
	xii. Interview the customer and/or the operator for information.
	
	

	
	xiii. Identify exact symptoms.
	
	

	
	xiv. Accurately separate systems.
	
	

	
	xv. Make a complete physical examination of the product.
	
	

	
	xvi. Replicate or simulate a given problem.
	
	

	
	xvii. Determine and classify all symptoms.
	
	

	
	xviii. Perform specific tests using tools to determine which components are working correctly.
	
	

	
	xix. Record the results on a worksheet.
	
	

	
	xx. Make repairs, and then retest to verify the repair.
	
	

	
	xxi. Communicate with the customer regarding the cause and the prevention of future problems.
	
	

	
	2. Category One:  2 and 4 Stroke Cycle Gasoline Engines
	
	

	
	a. Engine Identification
	
	

	
	i. Identify a manufacturer’s model number, serial number and type number for tow and four stroke engines.
	
	

	
	b. Two Stroke Cycle Engine
	
	

	
	i. Explain 2 stroke cycle engine operating theory.
	
	

	
	ii. Explain piston ported type and reed valve type.
	
	

	
	iii. Describe 2 stroke components and parts and explain their purpose.
	
	

	
	c. Four Stroke Cycle Engine
	
	

	
	i. Explain 4 stroke cycle engine operating theory.
	
	

	
	ii. Describe the normal combustion process, pre-ignition and its effects, detonation and its effects.
	
	

	
	iii. Identify 4 stroke components and parts and explain their purpose.
	
	

	
	d. Engine Components
	
	

	
	i. Describe engine block and nomenclature and function.
	
	

	
	ii. Describe crankcase, cylinder, cylinder head nomenclature and function.
	
	

	
	iii. Describe piston, piston pin and piston rings and types.
	
	

	
	iv. Describe connecting rod, bearings and crankshaft nomenclature and function.
	
	

	
	v. Describe engine bearing types, oil seal types and service application.
	
	

	
	vi. Describe crankshaft types and service application.
	
	

	
	vii. Describe valve train, valve retainer types, nomenclature and function.
	
	

	
	viii. Demonstrate an understanding of crankshaft angle and valve timing degrees.
	
	

	
	ix. Describe “valve overlap” and its function.
	
	

	
	x. Describe lubrication systems nomenclature and functions.
	
	

	
	xi. Describe the purpose of an ignition system and its nomenclature and function.
	
	

	
	xii. Identify the components and function of a battery ignition system.
	
	

	
	xiii. Identify the components and function of an electronic ignition system.
	
	

	
	xiv. Identify the components and function of a magnetic ignition system.
	
	

	
	xv. Understand the concept of heat transfer and the purpose of a cooling system.
	
	

	
	xvi. Define the main types of cooling systems used on power equipment.
	
	

	
	xvii. Describe air-cooled system nomenclature and function.
	
	

	
	xviii. List major causes of air-cooled engine overheating.
	
	

	
	xix. Describe normal service procedures performed on an air-cooled engine.
	
	

	
	xx. Describe the purpose of a liquid cooled engine.
	
	

	
	xxi. Identify the components and function of a liquid-cooled engine.
	
	

	
	xxii. Pressure-test a liquid-cooled engine overheating.
	
	

	
	xxiii. Describe normal service procedures performed on an air-cooled engine.
	
	

	
	xxiv. Identify the basic types of fuel systems used in power equipment.
	
	

	
	xxv. Identify the function of each component in the fuel system including carburetor, fuel filter, fuel pump, electronic fuel injector.
	
	

	
	xxvi. Identify types of carburetor designs and nomenclature and function.
	
	

	
	xxvii. Describe nomenclature and function of vacuum feed, diaphragm, float, rotary, slide valve carburetors.
	
	

	
	xxviii. Identify and describe the idle circuit and the main circuit.
	
	

	
	xxix. Discuss the venture principle, variable venture carburetors, and terms.
	
	

	
	xxx. Describe enrichment devices including choke types purging systems and primer types.
	
	

	
	xxxi. Describe the function of a fixed orifice jet, high speed nozzle, emulsion tube, and purging system.
	
	

	
	xxxii. Explain the purpose of a fuel filter.
	
	

	
	xxxiii. Identify the common types of fuel filters and describe the difference between micron and mesh.
	
	

	
	xxxiv. Identify the common types of fuel pumps and describe fuel pump nomenclature and function.
	
	

	
	xxxv. Describe accelerator pump nomenclature and function.
	
	

	
	xxxvi. Explain the theory, function, and components of electronic fuel injection (EFI).
	
	

	
	xxxvii. Explain the theory, function and components of gaseous fuels.
	
	

	
	xxxviii. Describe air filter nomenclature and function.
	
	

	
	xxxix. List 5 types of air filters used on small engines.
	
	

	
	xl. Describe the normal service procedures performed on each type of air filter system.
	
	

	
	xli. Describe exhaust system nomenclature and function as well as types and terms associated with exhaust systems.
	
	

	
	xlii. Describe the theory and function of a single stage catalyst (catalytic converters).
	
	

	
	xliii. Describe the proper service cleaning procedures for exhaust ports and spark arrestor screens.
	
	

	
	xliv. Describe engine starting systems, nomenclature and function.
	
	

	
	xlv. Identify the components of a recoil starting system and describe the function of each.
	
	

	
	xlvi. Identify the components of a DC electric starting system and describe the function of each.
	
	

	
	xlvii. Identify the components of an AC electric starting system and describe the function of each.
	
	

	
	xlviii. Describe the operation of a break-away clutch used on AC and DC electric starter motors.
	
	

	
	xlix. Perform 12 volt DC starter motor current draw test.
	
	

	
	l. Remove and replace a starter motor and remove, test and replace starter relay (solenoid).
	
	

	
	li. Identify terminals and connectors used in electrical systems.
	
	

	
	lii. Explain electrical electronic terms that are common to the power equipment industry.
	
	

	
	liii. Identify the types of changing systems including:  Under flywheel alternator, Belt drive alternator.  Describe a DC amps test.  Describe an AC volts test. Describe the function of a diode.  Describe the resistance test. Perform current drain testing using a DC shunt or equivalent.  Remove and replace regulator rectifier.
	
	

	
	liv. Describe series circuit, parallel circuit, and explain different types of circuit failures.
	
	

	
	lv. Demonstrate applicable test procedures for testing series and parallel circuits.
	
	

	
	lvi. Check continuity in circuits and electrical system components.
	
	

	
	lvii. Check current flow in electrical systems and components.
	
	

	
	lviii. Inspect, test and replace fusible links, fuses and circuit breakers.
	
	

	
	lix. Remove and replace a starter motor and remove, test and replace starter relay (solenoid).
	
	

	
	lx. Identify electrical wire sizes and selection based on anticipated current load.
	
	

	
	lxi. Identify sending units used in an electrical circuit and explain their function.
	
	

	
	lxii. Demonstrate safe work habits when working with electrical charging systems and circuits.
	
	

	
	lxiii. Explain storage battery theory and operation.
	
	

	
	lxiv. Remove, clean and replace battery, perform specific gravity test on battery cell electrolyte, and determine battery state of charge using DMM.
	
	

	
	lxv. Explain proper procedure for battery disposal based on EPA and local ordinance.
	
	

	
	lxvi. Identify the purpose of the governor system.
	
	

	
	lxvii. Identify electrical wire sizes and selection based on anticipated current load.
	
	

	
	lxviii. Describe governor system nomenclature and function, including:  Pneumatic (air vane) governor system; Mechanical governor system.  Perform dynamic governor adjustments.
	
	

	
	e. Lubrication Fundamentals
	
	

	
	i. Describe the theory of lubrication.
	
	

	
	ii. Describe (generally) API oil ratings.
	
	

	
	iii. Describe the meaning of SAE viscosity ratings.
	
	

	
	iv. Describe the classification of 2 stroke oils.
	
	

	
	v. Describe ISO/LEG 2 stroke oil standard, A, B, C, D.
	
	

	
	vi. Describe Jaso oil standard classification FA, FB, FC.
	
	

	
	vii. Describe NEMA (BIA) oil standard classification pc, pew-1, -2,   -3.
	
	

	
	viii. List common oil contaminants.
	
	

	
	ix. Label types of oil filters used on power equipment.
	
	

	
	x. State guidelines for selecting and using oils.
	
	

	
	f. Lubrication-Engine Maintenance
	
	

	
	i. Classify types of lubrication systems as for either 2 or 4 stroke cycle engines and identify terms associated with an engine lubricant system.
	
	

	
	ii. List the functions of engine oil.
	
	

	
	iii. Interpret engine oil application charts used in owners/operators manuals.
	
	

	
	iv. Prepare pre-mixed fuel for a two stroke cycle engine.
	
	

	
	v. Describe potential problems for oil fuel mixtures.
	
	

	
	vi. Describe effects of using alcohol based fuels.
	
	

	
	vii. Describe splash lubrication systems and a pressure lubrication system.
	
	

	
	viii. Describe oil filtration system.
	
	

	
	ix. Describe methods of checking oil level in an engine.
	
	

	
	x. Change engine oil and filter on a variety of selected equipment.
	
	

	
	xi. List the benefits of positive crank case ventilation.
	
	

	
	xii. Identify the components and function of a crankcase ventilation breather assembly.
	
	

	
	xiii. Service a crankcase breather assembly.
	
	

	
	xiv. Describe proper cooling system cleaning methods.
	
	

	
	xv. Perform cooling system cleaning for air cooled engine.
	
	

	
	xvi. Perform cooling system flush and cleaning of liquid cooled engine.
	
	

	
	xvii. Demonstrate, remove and replace water pump and remove and replace a thermostat.
	
	

	
	xviii. Identify types and grades of gasoline used in power equipment.
	
	

	
	xix. Describe the use of a fuel additive for storage.
	
	

	
	xx. Describe proper method of carburetor cleaning.
	
	

	
	xxi. Remove and replace a carburetor on a small gasoline engine.
	
	

	
	xxii. Disassemble, clean, and reassemble carburetors.
	
	

	
	xxiii. Install a repair kit in a carburetor and inspect internal carburetor parts for wear.
	
	

	
	xxiv. Adjust carburetor choke linkage.
	
	

	
	xxv. Adjust carburetor mixture screws per OEM specifications.
	
	

	
	xxvi. Adjust carburetor float level; adjust carburetor metering levers; remove, replace, and repair fuel lines and hose; remove and replace the fuel tank, filters, caps, and lines; and adjust the engine idle speed.
	
	

	
	xxvii. Repair 3 different styles of rewind starters.
	
	

	
	xxviii. Perform starter drive gear replacement.
	
	

	
	xxix. Disassemble and reassemble 12 volt DC – 120 volt AC starter motor.
	
	

	
	xxx. Describe equipment problems that can occur from operating equipment with a removal or damaged exhaust system.
	
	

	
	xxxi. State the danger of operating a power product in a closed area.
	
	

	
	xxxii. Describe the purpose of an exhaust deflector and describe the purpose of a spark arrestor screen.
	
	

	
	g. Test a 2-Stroke Cycle Gasoline Engine
	
	

	
	i. Check engine for top end compression.
	
	

	
	ii. Check engine for base primary compression (bottom end).
	
	

	
	iii. Inspect the fuel system for proper operation.  Perform carburetor pressure test.
	
	

	
	iv. Inspect the ignition system for proper operation.  Perform 3 point spark test.
	
	

	
	v. Inspect the exhaust port for carbon obstruction.
	
	

	
	vi. Check crankcase integrity with pressure/vacuum pump.
	
	

	
	vii. Operate the engine to check for proper starting and power output under load.
	
	

	
	viii. View videos in power equipment safety.
	
	

	
	ix. Demonstrate power equipment safety practices.
	
	

	
	x. Demonstrate understanding of cutting attachment operation, replacement and sharpening: rotary blade, saw chain, hedge trimmer, etc.
	
	

	
	xi. Explain ANSI standards i.e. kick back, operation presence, etc.
	
	

	
	xii. Given a 2-sycle engine on a product with trouble symptoms installed, solve the problem with the use of the proper manual and tools.
	
	

	
	h. 2-Stroke Cycle Gasoline Engine Overhaul
	
	

	
	i. Disassemble engine: inspect, measure, service and repair components.
	
	

	
	ii. Remove, service and replace an exhaust system.
	
	

	
	iii. Remove the cylinder and demonstrate de-carboning techniques.
	
	

	
	iv. Remove and inspect the connecting rod and piston; remove and inspect the crankshaft; remove and replace needle bearings; remove and replace main ball bearings; and inspect measure, service or replace all components.
	
	

	
	v. Demonstrate 2 cycle piston ring installations and demonstrate 2 cycle piston ring groove cleaning.
	
	

	
	vi. Inspect reed valves.
	
	

	
	vii. Inspect intake side of piston skirt on piston ported engines valves.
	
	

	
	viii. Repair damaged spark plug threads using thread repair device.
	
	

	
	ix. Inspect and repair the recoil starting system.
	
	

	
	x. Inspect and service clutch assembly.
	
	

	
	i. 4-Stroke Cycle Gasoline Engine Diagnosis
	
	

	
	i. Check the fuel pump pressure.
	
	

	
	ii. Pressure test the carburetor.
	
	

	
	iii. Operate the engine to check for proper starting and acceleration.
	
	

	
	iv. Differentiate hunting/surging symptom between fuel system or governor system.
	
	

	
	v. Perform cylinder balance test and demonstrate understanding of findings.
	
	

	
	vi. Perform cylinder compression test.
	
	

	
	vii. Perform cylinder leak down test.
	
	

	
	viii. Perform engine crank case vacuum test.
	
	

	
	ix. Perform oil pressure test.
	
	

	
	x. Test an ignition system using spark tester.
	
	

	
	xi. Understand the effect of a partially sheared flywheel key.
	
	

	
	xii. Remove, inspect and replace points and condenser.
	
	

	
	xiii. Remove and replace an ignition armature (ignition coil, ignition module).
	
	

	
	xiv. Test and replace ignition armature assembly.
	
	

	
	xv. Test and replace high tension lead(s).
	
	

	
	xvi. Test solid state transistor controlled discharge system.
	
	

	
	xvii. Test capacitive ignition system.
	
	

	
	xviii. Demonstrate timing procedure for points style.
	
	

	
	xix. Demonstrate timing procedure solid state/electronic style.
	
	

	
	xx. Measure primary and secondary resistance.
	
	

	
	xxi. Check/replace engine ignition kill switch.
	
	

	
	xxii. Inspect the cooling system.
	
	

	
	xxiii. Check for damage to the fins or fan.
	
	

	
	xxiv. Identify debris clogging air fins.
	
	

	
	xxv. Identify the proper order of an air intake system assembly.
	
	

	
	xxvi. Remove and replace intake manifold.
	
	

	
	xxvii. Given a 4-cycle engine on a product with trouble symptoms installed, the student can solve the problem with the use of the proper manual and tools.
	
	

	
	j. 4-Stroke Cycle Gasoline Engine Service
	
	

	
	i. Disassemble and inspect hydraulic or mechanical lifters.
	
	

	
	ii. Replace valve stem seals, inspect valve guides for wear, inspect valves; resurface or replace, inspect valve seats; resurface or replace and perform valve lapping operation and explain why.
	
	

	
	iii. Inspect and measure cylinder bore, remove ridge from cylinder bore, and de-glaze and clean cylinder bore using a rigid hone.
	
	

	
	iv. Demonstrate understanding of OEM cylinder reuse specifications.
	
	

	
	v. Inspect and measure camshaft bearings for wear, damage.
	
	

	
	vi. Inspect valve train including: valves, rocker arms, lifters, studs and push rods.
	
	

	
	vii. Inspect balance system; inspect shaft(s) and support bearings for damage and wear.
	
	

	
	viii. Measure and determine values for engine bearings.
	
	

	
	ix. Use Plasti-gage to determine bearing clearances in an engine.
	
	

	
	x. Install all engine components, assemblies and gaskets, torque according to manufacturer’s specifications and procedures.
	
	

	
	xi. Install the crankshaft with its bearings.
	
	

	
	xii. Measure crankshaft end play and measure crankshaft run-out.
	
	

	
	xiii. Verify camshaft timing according to manufacturer’s specifications and procedure.
	
	

	
	xiv. Adjust valves (mechanical and hydraulic lifters).
	
	

	
	xv. Assemble and test run engine.
	
	

	
	xvi. Measure and determine values for engine bearings.
	
	

	
	xvii. Initial start-up procedures.
	
	

	
	xviii. Demonstrate static governor adjustment.
	
	

	
	xix. Check top no-load speed.
	
	

	
	xx. Check all safety-related devices for proper operation, correct all problems.  Provide written documentation of safety device failures to customer and manufacturer.
	
	

	
	xxi. From written documentation from the work order, inform the customer of problems related to maximum engine life and future methods of failure prevention.
	
	

	
	k. Failure Analysis
	
	

	
	i. Classify failures into 5 major categories.
	
	

	
	ii. Identify the effects of abrasive ingestion on engine components.
	
	

	
	iii. Identify the entrance path of abrasives on several engine failure examples.
	
	

	
	iv. Identify the effects of insufficient lubrication on engine components: piston cylinders, etc.
	
	

	
	v. Define cause of failure on several engine failure examples.
	
	

	
	vi. Identify 2 stroke lubrication/fuel quality failure root cause.
	
	

	
	vii. Identify the use of incorrect or no lubricant.
	
	

	
	viii. Identify and describe engine failures cased by breakdown of fuel.
	
	

	
	ix. Identify the effects of overheating on engine component parts.
	
	

	
	x. Define the root cause of failure on several engine failure examples.
	
	

	
	xi. Identify the entrance path of abrasives on several engine failure examples.
	
	

	
	xii. Identify overheating effects on 2 stroke engines due to poor exhaust system maintenance, i.e., piston carbon scoring.
	
	

	
	xiii. Define detonation, pre-ignition and effects on engine components.
	
	

	
	xiv. Identify 2 stroke lubrication/fuel quality failure root cause.
	
	

	
	xv. Identify 2-stroke engine failures caused by stale fuel.
	
	

	
	xvi. Identify engine failure cause by lean mixture.
	
	

	
	xvii. Identify the effects of over speeding on engine component parts.
	
	

	
	xviii. Identify the signature break on a connecting rod on several engine failure examples.
	
	

	
	xix. Identify exhaust port piston scoring and large end bearings due to over speeding.
	
	

	
	xx. Identify the effects of excessive vibration on engine block and mounting base.
	
	

	
	xxi. Identify the symptoms, type and causes of the failures.
	
	

	
	3. Category Two:  Drivelines/Hydraulics/Hydrostatics
	
	

	
	a. Hydraulic System Principles
	
	

	
	i. Identify types of hydraulic systems commonly found on power equipment.
	
	

	
	ii. Identify hydraulic system component parts and function.
	
	

	
	iii. Interpret simple hydraulic system symbols, schematics and diagrams.
	
	

	
	iv. Identify different types of hydraulic fluids.
	
	

	
	v. Identify different types of hydraulic hoses, lines and fittings.
	
	

	
	b. Hydraulic System Safety
	
	

	
	i. Demonstrate the use of the personal protective equipment required for the safe use of hydraulic testing equipment.
	
	

	
	ii. Explain the dangers of working with hydraulic fluids under pressure.
	
	

	
	iii. Demonstrate the safe method for checking for hydraulic systems leaks.
	
	

	
	iv. Demonstrate the use and importance of lock out tags when services hydraulic systems.
	
	

	
	c. Hydraulic Component Theory
	
	

	
	i. Demonstrate understanding of nomenclature and terms used in hydraulic systems.
	
	

	
	ii. Demonstrate understanding of the function of a reservoir, pump, relief valve, control valves and cylinder in relation to each other.
	
	

	
	iii. Demonstrate an understanding of Hydrostatic Theory.
	
	

	
	iv. Explain the purpose of a charge circuit.
	
	

	
	v. Explain the differences between Hydraulic and Hydrostatic systems.
	
	

	
	vi. Demonstrate selecting the proper hydraulic fluid for specific systems.
	
	

	
	vii. Demonstrate an understanding of the nomenclature and function of filters, including: Micron or mesh rating and types of filters.
	
	

	
	viii. Demonstrate understanding of the nomenclature and function of hydraulic pumps.
	
	

	
	ix. Define difference between Fixed-displacement and Variable-displacement pumps.
	
	

	
	x. Demonstrate ability to follow oil flow through each pump with/without hydraulic function.
	
	

	
	xi. Demonstrate understanding of nomenclature and function of control valves.
	
	

	
	xii. Demonstrate understanding of the function of hydraulic valves.
	
	

	
	xiii. Demonstrate understanding of the nomenclature and function of fittings, including the proper identification of threaded, pitched, tapered and straight.
	
	

	
	xiv. Identify the fittings/thread styles:  O-Ring boss, NPT, NPTF, Metric, JIC, British standard, parallel and straight, O-Ring flange, ORFS, etc.
	
	

	
	xv. Describe construction of hoses and steel lines and their uses.
	
	

	
	xvi. Describe procedures for repairing damaged threads.
	
	

	
	xvii. Demonstrate understanding of the identification, nomenclature and function of cylinders.
	
	

	
	xviii. Identify a single acting cylinder, name parts and function; follow the oil flow through the cylinder.
	
	

	
	xix. Identify a double acting cylinder, name all parts, and follow oil flow through the cylinder.
	
	

	
	xx. Describe normal service procedures performed on cylinders.
	
	

	
	xxi. Demonstrate an understanding of the types of hydrostatic transmissions.
	
	

	
	xxii. Demonstrate an understanding of the nomenclature and function of all types of hydrostatic transmissions including Gear, Axial, Piston Swash Plate and Cam lobe.
	
	

	
	xxiii. Identify lubrication circuits including Pump, Motor, Forward, Neutral and Reverse.
	
	

	
	xxiv. Indentify hydrostatic drive system components.
	
	

	
	xxv. Describe hydrostatic drive system component function.
	
	

	
	xxvi. Identify drive method for hydrostatic unit.
	
	

	
	xxvii. Describe normal service operations performed on hoses and fittings.
	
	

	
	xxviii. Inspect, remove, and replace hydrostatic drive unit mechanism (belt, chain, direct coupling).
	
	

	
	xxix. Replace Hydrostatic filter.
	
	

	
	xxx. Inspect, remove, replace hydrostatic drive unit.
	
	

	
	d. Hydraulic System Service Procedures
	
	

	
	i. Check reservoir fluid level.
	
	

	
	ii. Perform basic hydraulic system tests (e.g. pressure and flow).
	
	

	
	iii. Test hydraulic cylinder operation.
	
	

	
	iv. Inspect, remove and replace various hoses, fittings, lines and couplings.
	
	

	
	v. Perform OEM required maintenance on a system.
	
	

	
	vi. Remove/replace hydraulic oil cooler.
	
	

	
	vii. Demonstrate safe working habits when servicing hydraulic systems.
	
	

	
	viii. Identify the basic hydraulic tools.
	
	

	
	ix. Show the proper and safe use of various types of hydraulic test equipment including gauges and flow rating equipment.
	
	

	
	x. Identify various types of hydraulic test equipment and accessories required for proper testing.
	
	

	
	xi. Demonstrate the proper care, maintenance and storage of each piece of testing equipment.
	
	

	
	xii. Inspect hydraulic systems, fluid levels and leaks.
	
	

	
	xiii. Inspect filters and suction lines.
	
	

	
	xiv. Inspect pressure lines and cylinders.
	
	

	
	xv. Inspect control valves and linkages.
	
	

	
	xvi. Diagnose hydraulic system leaks and noises.
	
	

	
	xvii. Perform hydraulic system performance tests.
	
	

	
	xviii. Pressure test with gauges.
	
	

	
	xix. Perform hydrostatic drive performance test and determine repair requirements.
	
	

	
	xx. Check system filters ad fluid.
	
	

	
	xxi. Perform specific pressure tests or wheel slip test.
	
	

	
	xxii. Check, remove, repair, replace and adjust hydrostatic drive controls; adjust neutral position.
	
	

	
	xxiii. Test, remove, repair and replace hydrostatic drive unit and determine the cause of failure.
	
	

	
	xxiv. Check reservoir fluid level.
	
	

	
	xxv. Perform a hydrostatic performance test; define symptoms.
	
	

	
	xxvi. Inspect, remove, and replace hydrostatic drive linkage mechanism.
	
	

	
	xxvii. Perform OEM maintenance service procedures.
	
	

	
	xxviii. Given a hydraulically operated product with trouble symptoms installed, solve the problem with the use of the proper manual and tools.
	
	

	
	e. Driveline Fundamentals
	
	

	
	i. Identify types of PTO couplings including: Rigid, Flexible, Mechanical Flexible, Material Flexible.
	
	

	
	ii. Remove, repair and replace various PTO coupling(s).
	
	

	
	iii. Describe belt drive operation.
	
	

	
	iv. Identify types of drive belts common to OPE Industry including:  Frictional Horsepower V-belt, double angle v-belt, timing belt, molded belt, notched belts.
	
	

	
	v. Define Belt drive terms including: creep, stretch, wedge and whipping.
	
	

	
	vi. Remove and replace belt drive(s).
	
	

	
	vii. Adjust drive belt(s).
	
	

	
	viii. Describe variable-speed pullet belt drive operation.
	
	

	
	ix. Demonstrate proper belt location and adjustment of variable-speed pulley drive belts.
	
	

	
	x. Identify chain styles used in OPE industry including: Roller, pin link, silent.
	
	

	
	xi. Demonstrate proper chain drive maintenance.
	
	

	
	xii. Repair broken or damaged chain using mater link.
	
	

	
	xiii. Describe operation of Electro-magnetic clutch.
	
	

	
	xiv. Demonstrate proper air gap adjustment on Electro-magnetic clutch.
	
	

	
	xv. Remove and install electro-magnetic clutch assembly.
	
	

	
	xvi. Identify different styles of Transaxles.
	
	

	
	xvii. Describe the power flow through the Transaxles from input shaft to output shaft.
	
	

	
	xviii. Remove and replace Transaxles’ assembly.
	
	

	
	xix. Disassemble and re-assemble Transaxles assembly.
	
	

	
	xx. Identify different styles of transmissions.
	
	

	
	xxi. Describe the power flow through the transmission from input shaft to output shaft.
	
	

	
	xxii. Remove and replace transmission assembly.
	
	

	
	xxiii. Disassemble and re-assemble transmission assembly.
	
	

	
	4. Category Three: Electrical
	
	

	
	a. Demonstrate understanding of current flow in a circuit.
	
	

	
	b. Define electrical terms.
	
	

	
	c. Demonstrate understanding of relationship between magnetism and electrical flow.
	
	

	
	d. Explain sources and uses of electricity.
	
	

	
	e. Discuss the difference between a conductor and an insulator.
	
	

	
	f. Identify the basic electrical measurements used in OPE including bolts, amperes (amps) and ohms.
	
	

	
	g. Demonstrate understanding of the nomenclature and function of electrical systems.
	
	

	
	h. Identify electrical symbols used on wiring diagrams and schematics.
	
	

	
	i. Demonstrate the ability to read OE wire diagrams.
	
	

	
	j. Demonstrate understanding of the nomenclature and function of electrical systems.
	
	

	
	k. Identify electrical symbols used on wiring diagrams and schematics.
	
	

	
	l. Demonstrate the ability to read OPE wire diagrams.
	
	

	
	m. Draw a circuit diagram of a variety of selected equipment using correct symbols.
	
	

	
	n. Explain how to measure current, voltage and resistance.
	
	

	
	o. Demonstrate the correct use of Digital Multi-Meter and DC shun.
	
	

	
	p. Demonstrate proper use of analog electrical meters (Volts, Amps, and Ohms).
	
	

	
	q. Perform battery specific gravity tests using two types of battery hydrometers.
	
	

	
	r. Describe characteristics of electrical circuits.
	
	

	
	s. Diagram basic electrical circuits including:  Series, parallel, Series-parallel.
	
	

	
	t. Identify integrated circuit devices and explain their function.
	
	

	
	u. Explain the different kinds of circuit failures.
	
	

	
	v. Identify electrical/electronic circuit protection devices and explain their function.
	
	

	
	w. Identify electrical circuit components and explain their function in electrical circuits.
	
	

	
	x. Demonstrate the correct test procedures used to locate opens, shorts, and grounds.
	
	

	
	y. Repair wire harness with various types of wire connectors and terminals.
	
	

	
	z. Identify normally open-closed switch types.
	
	

	
	aa. Describe common wiring techniques for interlock switches.
	
	

	
	ab. Identify the connector lead on interlock switches.
	
	

	
	ac. Describe design, construction and operation of lead acid batteries.
	
	

	
	ad. Explain how storage batteries are constructed and how cells are connected to produce voltage.
	
	

	
	ae. Explain the common methods of rating batteries.
	
	

	
	af. Describe the correct method using a battery for “jump starting”.
	
	

	
	ag. Explain the elements of AM and DC charging systems.
	
	

	
	ah. Describe Charging System Theory of Operation.
	
	

	
	ai. Describe alternator operation.
	
	

	
	aj. Explain charging system rectification.
	
	

	
	ak. Describe voltage regulation.
	
	

	
	al. Disassemble an alternator and identify the parts and their functions.
	
	

	
	am. Remove and replace 12 volt and 120 volt starter motor.
	
	

	
	an. Identify and correct signs of corrosion in an electrical system.
	
	

	
	ao. Demonstrate the application of silicone dioxide on electrical connections.
	
	

	
	ap. Check continuity in electrical/electronic circuits, components and parts.
	
	

	
	aq. Check applied voltages, circuit voltages and voltage drops.
	
	

	
	ar. Check current flow.
	
	

	
	as. Inspect, test and replace fusible links, circuit breakers and fuses.
	
	

	
	at. Inspect, test and replace diodes, resistors and capacitors.
	
	

	
	au. Check continuity in electrical/electronic circuits, components in interlock circuit(s).
	
	

	
	av. Demonstrate understanding of interlock systems’ variations.
	
	

	
	aw. Analyze manufacturing interlock schematics.
	
	

	
	ax. Remove and replace under-flywheel alternator.
	
	

	
	ay. Remove, rebuild, bench test and replace alternator.
	
	

	
	az. Test and replace starter relay and solenoids.
	
	

	
	ba. Repair or rebuild and test DC starting motor.
	
	

	
	bb. Describe basic electrical circuit problems.
	
	

	
	bc. Describe operation of permanent magnet starter motor.
	
	

	
	bd. Describe operation of a field wound starter motor.
	
	

	
	be. Demonstrate key-off power drain test using DC shunt.
	
	

	
	bf. Given an electrically operated component or system with trouble symptoms installed, solve the problem with the use of the proper manual and tools.
	
	

	
	5.  Category Four: Compact Diesel
	
	

	
	a. Diesel Engine Fundamentals
	
	

	
	i. Demonstrate an understanding of diesel engine operation and theory.
	
	

	
	ii. Demonstrate an understanding of internal combustion engine principles.
	
	

	
	iii. Demonstrate an understanding of the differences between 2 and 4-stroke diesel engine theory of operation.
	
	

	
	iv. Demonstrate an understanding of specific model, type and serial numbering systems used by manufacturers.
	
	

	
	v. Demonstrate where to find specific information about the specific engine in reference material and on engine data plates.
	
	

	
	vi. Demonstrate an understanding of how to determine engine cylinder arrangement, firing order, rotation, timing, horsepower, torque, displacement, bore size, stroke and rpm’s for the specific model.
	
	

	
	vii. Demonstrate recognition of diesel engine terminology and abbreviations.
	
	

	
	viii. Define horse power systems:  SAE, DIN JIS, BS ISO, Gross Horse Power, rated Brake horse Power, Net Intermittent BHP, Net Continuous BHP, Torque Rise, Gross Intermittent Torque, net Intermittent Torque, and New Continuous Torque.
	
	

	
	ix. Calculate fuel consumption in gallons per hour, using an engine power chart.
	
	

	
	x. Demonstrate the ability to read an engine application chart.
	
	

	
	b. Compact Diesel Engine Components
	
	

	
	i. Identify major engine components and explain their purpose.
	
	

	
	ii. Demonstrate an understanding of combustion chamber design including direct injection, pre-chamber, turbulence combustion chamber, and the normal service operations conducted on the cylinder head.
	
	

	
	iii. Describe valve function, valve operation, valve linkage types, types and function of camshafts and the normal service operations conducted on the valve train.
	
	

	
	iv. Demonstrate an understanding of the normal service operations conducted on the cylinder block and its contents.
	
	

	
	v. Identify cylinder block design characteristics, including cylinder liner sleeve styles: wet-sleeved, dry-sleeved and linerless.
	
	

	
	vi. Describe the types and functions of pistons and rings.
	
	

	
	vii. Describe types of connecting rods and service applications.
	
	

	
	viii. Describe crankshaft design and service procedures.
	
	

	
	ix. Describe engine seal types and service applications.
	
	

	
	x. Demonstrate understanding of the air intake components and the normal service operations conducted on the air intake system.
	
	

	
	xi. Demonstrate an understanding of the basic functions of fuel delivery systems.
	
	

	
	xii. Describe fuel injection system components and parts and explain their purpose.
	
	

	
	xiii. Define fuel system terminology.
	
	

	
	xiv. Demonstrate understanding of fuel injection nozzle types and function.
	
	

	
	xv. Demonstrate an understanding of governor functions and types, including mechanical (flyweight), and pneumatic (diaphragm).
	
	

	
	xvi. Demonstrate an understanding of the emission regulations and the responsibility of the technician.
	
	

	
	xvii. Demonstrate and understanding of the normal service operations conducted on the fuel and emission systems.
	
	

	
	xviii. Explain the theory of operation for compressed natural gas engines, liquid natural gas engines, methanol engines and ethanol engines.
	
	

	
	xix. Explain the theory of operation for soy diesel engines and dual fuel engines.
	
	

	
	xx. Identify and explain the purpose of the following lubrication system components:  oil pickup screen, oil pump, oil filter, oil relief valve, and oil flow through the engine.
	
	

	
	xxi. Describe the normal service operations conducted on the lubrication system.
	
	

	
	xxii. Demonstrate an understanding of the nomenclature and function of all types of hydrostatic transmissions including Gear, Axial, Piston Swash Plate and Cam Lobe.
	
	

	
	xxiii. Identify and explain the purpose of electronic engine control components.
	
	

	
	xxiv. Describe the normal service operations conducted on the starting system.
	
	

	
	xxv. Identify exhaust system components and describe the normal service operations conducted on the exhaust system.
	
	

	
	xxvi. Describe the normal service operations conducted on the charging system.
	
	

	
	c. Engine Lubrication Systems
	
	

	
	i. Inspect, test and replace oil temperature, pressure switches and sensors.
	
	

	
	ii. Inspect, repair and replace oil pumps, drives and pressure relief devices.
	
	

	
	iii. Inspect, test repair and replace engine oil coolers.
	
	

	
	iv. Perform oil pressure tests.
	
	

	
	v. Perform lubrication system required maintenance.
	
	

	
	vi. Remove/replace hydraulic oil cooer.
	
	

	
	vii. Demonstrate safe working habits when servicing hydraulic systems.
	
	

	
	viii. Demonstrate an understanding of the grades of oil used in a compact diesel engine.
	
	

	
	ix. Show the proper and safe use of various types of hydraulic test equipment including gauges and flow rating equipment.
	
	

	
	d. Diesel Fuel Systems
	
	

	
	i. Identify various types of fuel filters used in diesel engines.
	
	

	
	ii. Explain fuel classifications, blends of fuel and winter versus summer performance.
	
	

	
	iii. Explain proper blending methods.
	
	

	
	iv. Explain cetane numbers.
	
	

	
	v. Explain startability results compared to certain numbers of fuel.
	
	

	
	vi. Discuss differences in recommended fuels.
	
	

	
	vii. Demonstrate an understanding of proper bleeding methods.
	
	

	
	e. Cooling Systems
	
	

	
	i. Demonstrate an understanding of the normal service operations conducted on the cooling system.
	
	

	
	ii. Define the properties of coolant/antifreeze and select the proper type and mixture for specific applications. 
	
	

	
	iii. Demonstrate the ability to read and interpret manufacturers’ coolant/antifreeze charts for freezing and boiling points.
	
	

	
	iv. Check coolant protection level per manufacturer specifications.
	
	

	
	v. Use a refractometer and calculate the freezing point of a sample coolant/antifreeze solution.
	
	

	
	vi. Use a chart and calculate the percentage of coolant/antifreeze and water.
	
	

	
	vii. Use a chart and calculate the boiling point of the solution.
	
	

	
	viii. Verify the correctness of that solution and give advice to the customer.
	
	

	
	ix. Check supplemental coolant additives (SCA).
	
	

	
	f. Intake System Maintenance
	
	

	
	i. Service air cleaner/air induction system components per manufacturers’ recommendations. 
	
	

	
	ii. Inspect charge air cooler (CAC) system for leaks and make needed repairs.
	
	

	
	iii. Check air induction system for restrictions and leaks.
	
	

	
	iv. Inspect, test and replace engine starting aids including fuel heaters and glow plug systems.
	
	

	
	v. Explain why starting aids such as ether are not used in a diesel system.
	
	

	
	g. Exhaust System Maintenance
	
	

	
	i. Inspect, service and repair exhaust manifold/exhaust system.
	
	

	
	ii. Check exhaust system for restrictions.
	
	

	
	h. Diagnostic Fundamentals
	
	

	
	i. Read and analyze the customer complaint.
	
	

	
	ii. Operate the unit to confirm the customer complaint.
	
	

	
	iii. Identify whether a product is out of compliance with current safety requirements or devices.
	
	

	
	iv. Run all systems to observe whether they are running to specification.
	
	

	
	v. Determine necessary repairs by listening to engine noises.
	
	

	
	vi. Inspect engine for fuel, oil, coolant and other leaks and determine needed repairs.
	
	

	
	vii. Conduct engine performance tests of all major systems.
	
	

	
	viii. Determine and follow manufacturers’ recommended test procedures.
	
	

	
	ix. Perform a dynamometer test.
	
	

	
	x. Perform emission and electronic engine tests, if required.
	
	

	
	xi. Determine the special tool requirements by consulting the manufacturer’s work shop manual.
	
	

	
	xii. Demonstrate the ability to use the exhaust smoke color and condition for diagnosis.
	
	

	
	xiii. Demonstrate the proper method of checking compression (wet and dry methods) and determining the condition of the engine.
	
	

	
	xiv. Demonstrate a cylinder leak down test.
	
	

	
	xv. Demonstrate an engine crankcase pressure test.
	
	

	
	i. Air Intake System Diagnosis
	
	

	
	i. Check the service air cleaner/air induction system.
	
	

	
	ii. Use a manometer and conduct an air inlet restriction test.
	
	

	
	iii. Check the air induction system for restrictions and leaks.
	
	

	
	iv. Diagnose problems with the turbocharger, if installed.
	
	

	
	v. Demonstrate a turbo boost test, if one is installed.
	
	

	
	vi. Inspect, service and repair after coolers.
	
	

	
	vii. Check intake manifold pressure with the use of a manometer and compare to specifications.
	
	

	
	j. Fuel System Diagnosis
	
	

	
	i. Identify smoke/no smoke and fuel/no fuel conditions.
	
	

	
	ii. Inspect the fuel system for possible attempted repairs and correct any incorrect adjustments.
	
	

	
	iii. Inspect the fuel condition and type, identify gasoline or water contamination and replace bad fuel.
	
	

	
	iv. Bleed the fuel system of all air.
	
	

	
	v. Remove and replace fuel filters.
	
	

	
	vi. Remove the low pressure lines, determine if fuel is reaching the injection pump and if not, look for problems in the low pressure side.
	
	

	
	vii. Perform the following tests:  fuel pressure, lift pump pressure, fuel restriction, and fuel flow.
	
	

	
	viii. Demonstrate an understanding of how fuel reaches the injection pump.  If not, explain what procedures are needed to inspect the system.
	
	

	
	ix. Perform a cold cylinder test to determine if one pump element, nozzle or cylinder, is operating incorrectly.
	
	

	
	x. Remove, replace and repair fuel lines and hoses.
	
	

	
	xi. Demonstrate performance testing with hands-on nozzle and injector testing procedure and compare results to specifications.
	
	

	
	xii. Disassemble, inspect, repair, reassemble and retest fuel injector.
	
	

	
	xiii. Remove, replace and time the fuel injection pump.
	
	

	
	xiv. Demonstrate external adjustment of the pump and governor.
	
	

	
	xv. Demonstrate the setting of high and low idle and the proper method of timing the injection pump to the engine.
	
	

	
	xvi. Remove and replace fuel filters, and repair fuel lines and hoses.
	
	

	
	xvii. Execute performance testing in test cell to see that engine and fuel systems are in operational codes.
	
	

	
	k. Exhaust System Diagnosis
	
	

	
	i. Inspect, service and repair the exhaust manifold/exhaust system.
	
	

	
	ii. Check the exhaust system for restrictions.
	
	

	
	iii. Use appropriate meter to test exhaust back pressure.
	
	

	
	iv. Check turbocharger boost pressure.
	
	

	
	l. Cooling System Diagnosis
	
	

	
	i. Remove, inspect and replace or repair the radiator.
	
	

	
	ii. Test the radiator cap and radiator using a pressure tester.
	
	

	
	iii. Pressure test and flow test the complete cooling system.
	
	

	
	iv. Inspect, test and replace the radiator pressure cp and expansion tank.
	
	

	
	v. Test, remove and replace block heaters and thermostats/thermostat seals.
	
	

	
	vi. Inspect, test and repair water pump; replace a failed seal on the water pump shaft; and remove, replace and adjust water pump drive belts.
	
	

	
	vii. Remove and replace coolant filter, if installed.
	
	

	
	viii. Remove and replace cooling system hoses.
	
	

	
	ix. Drain, flush and refill cooling system.
	
	

	
	x. Remove, inspect and replace fan clutch and related sensor and controls, if installed.
	
	

	
	m. Lubrication System Diagnosis
	
	

	
	i. Diagnose the cause of excessive oil consumption and determine needed repairs.
	
	

	
	ii. Check the engine oil pressure at idle and at full rpm, and compare to specifications.
	
	

	
	iii. Cut open and inspect the oil filter.
	
	

	
	iv. Inspect the oil pressure relief valve for proper operation.
	
	

	
	v. Obtain an oil sample, send it to the lab, and interpret the results.
	
	

	
	vi. Inspect, test and replace oil temperature pressure switches and sensors.
	
	

	
	vii. Inspect, repair and replace oil pumps, drivers and pressure relief devices and oil coolers.
	
	

	
	n. Diesel Engine Overhaul: Preparation
	
	

	
	i. Perform a safety inspection of the product, provide customer information, gain customer authorization, and fill out the work order.
	
	

	
	ii. Prepare the product for disassembly, lay out and inventory required tools and equipment, perform and engine assembly inspection, review procedures in the manufacturer’s manuals.
	
	

	
	iii. Remove the engine from the product and prepare for tear-down while following all safety guidelines.
	
	

	
	iv. Clean the outside of the engine assembly while protecting critical engine components.
	
	

	
	o. Diesel Engine Overhaul: Disassembly
	
	

	
	i. Remove all engine components in proper sequence without using air tools.
	
	

	
	ii. Lay out the components in the order of disassembly and mark them for proper location.
	
	

	
	iii. Remove and disassemble head, remove ridge from the cylinder wall, remove engine seals and gaskets, and remove all accessories.
	
	

	
	iv. Remove the following:  valve train, camshaft, crankshaft, engine balancer, flywheel, timing gears, connecting rods, piston rings.
	
	

	
	p. Diesel Engine Overhaul: Inspection
	
	

	
	i. Demonstrate proficiency in precision measuring skills.
	
	

	
	ii. Demonstrate the ability to inspect all components prior to cleaning them.
	
	

	
	iii. Clean all engine components, measure and inspect them to determine the need to replace or repair them.
	
	

	
	iv. Demonstrate an understanding of proper procedures needed to bring engine back into factory specification, including defining the terms undersized, oversized, finish, fillets, taper and cross hatch.
	
	

	
	v. Inspect and measure the block per manufacturer’s recommendations, using die check or magna flux.
	
	

	
	vi. Inspect and measure cylinder walls fro taper and/or bore wear.
	
	

	
	vii. Measure block counter bores.
	
	

	
	viii. Demonstrate the proper operation of a rigid hone.
	
	

	
	ix. Clean and measure crankshaft for wear and compare to specifications.
	
	

	
	x. Clean and inspect camshaft.
	
	

	
	xi. Clean and inspect cylinder head and use magniflux or die check to check for cracks.
	
	

	
	xii. Measure and determine piston and ring clearances and fit.
	
	

	
	xiii. Measure and determine values for connecting rod clearances and fit, crankshaft, and engine bearings.
	
	

	
	xiv. Use plastigage to determine bearing clearances in an engine.
	
	

	
	xv. Clean, measure and replace valve guides; clean and inspect valves; reface valves and grind valve seats; check valve to seat fit; and clean valve rotors.
	
	

	
	q. Diesel Engine Overhaul: Reassembly
	
	

	
	i. Demonstrate the understanding that all fasteners have a torque specification.
	
	

	
	ii. Reinstall crankshaft, installing the main bearings while checking the oil clearance with plastigage.
	
	

	
	iii. Install rings on pistons and make sure to properly place the gaps.
	
	

	
	iv. Install pistons on connecting rods.
	
	

	
	v. Install pistons into the cylinder block.
	
	

	
	vi. Install the connecting rods to the crankshaft, making sure of the proper direction and checking the oil clearance with plastigage.
	
	

	
	vii. Install and torque the cylinder head following the manufacturer’s recommended procedures.
	
	

	
	viii. Install cam bushings, cam shaft and timing gears.
	
	

	
	ix. Time the gears to the engine.
	
	

	
	x. Adjust the valves to specification.
	
	

	
	r. Diesel Engine Overhaul: Post-Assembly Checks
	
	

	
	i. Replace fuel and oil filters; bleed air from the fuel systems; and check the fuel injection pup to engine timing.
	
	

	
	ii. Check cooling system for leaks, use water until the system is secure, and use a pressure tester.
	
	

	
	iii. Check all electrical connections.
	
	

	
	iv. Add the proper engine oil, install oil pressure gauge, crank engine with fuel off until it has oil pressure.
	
	

	
	v. Allow engine to start and check oil pressure at idle and, after engine is war, check oil high pressure.
	
	

	
	vi. Run-in engine after cylinder head installation and re-torque the head and readjust the valves, according to the manufacturer’s procedures.
	
	

	
	vii. Do running checks for power, emissions, noise, smoke, etc.
	
	

	
	viii. Install the engine in the product and check that all systems operate in normal conditions.
	
	

	
	ix. Add a 50/50 mixture of coolant/antifreeze and distilled water.
	
	

	
	x. Check all safety-related devices for proper operation, correct any problems, and provide written documentation of safety device failures to customer and manufacturer.
	
	

	
	s. Diesel Engine Overhaul: Failure Analysis
	
	

	
	i. Demonstrate the ability to use a specific manufacturer’s warranty procedure for determining the cause of failure and can correctly use the specific forms provided.
	
	

	
	ii. Demonstrate an understanding of failure analysis by questioning the customer, verifying complaints and symptoms, disassembling the engine, defining the type and cause of the failure, making the corrections, and informing the customer.
	
	

	
	iii. Identify types of failures.
	
	

	
	iv. Demonstrate an understanding of the causes of failures.
	
	

	
	v. Describe the use and interpretation of oil, coolant and fuel analysis.
	
	

	
	vi. Demonstrate an understanding of the types and uses of tools in failure analysis.
	
	

	
	vii. Define the nomenclature and function of all engine parts.
	
	

	
	viii. Describe the normal sequence of events in engine related failures.
	
	

	
	ix. Define industry-correct failure terminology including scoring, fretting and seizure.
	
	

	
	t. Diesel Engine Overhaul: Bearing Failure Analysis
	
	

	
	i. Demonstrate an understanding of the stages of bearing life, the progression of failure, and corresponding crankshaft damage.
	
	

	
	ii. Demonstrate an understanding of the statistics of the causes of bearing failures.
	
	

	
	iii. Identify types of failures.
	
	

	
	iv. Define “bearing load high area” and its importance in determining causes of failure.
	
	

	
	v. Articulate the concepts of bearing crush and tension.
	
	

	
	vi. Define the importance of oil and be able to trace the oil flow in an engine.
	
	

	
	u. Diesel Engine Overhaul: Crankshaft Failure Analysis
	
	

	
	i. The student can define fracture terminology including beach marks, initiation site, ratchet marks, final fracture, and shear lip.
	
	

	
	ii. Describe the types of failures in crankshafts, including bending, torsional, and impact fractures.
	
	

	
	iii. Demonstrate an understanding of factors which cause crankshaft failure including service assembly errors, contamination, misalignment, worn part irregularities and machining errors, out of round bores, incorrect bearing crush, heat, and improper torque.
	
	

	
	v. Diesel Engine Overhaul: Connecting Rod Failure Analysis
	
	

	
	i. Demonstrate an understanding of the concept of high stress areas on a connecting rod.
	
	

	
	ii. Demonstrate an understanding of the types, nomenclature, and causes of connecting rod failures.
	
	

	
	w. Diesel Engine Overhaul: Valve Train Failure Analysis
	
	

	
	i. Demonstrate an understanding of the concept of high stress areas on the valve train.
	
	

	
	ii. Articulate the types, nomenclature and causes of valve train failures.
	
	

	
	x. Diesel Engine Overhaul: Piston and Ring Failure Analysis
	
	

	
	i. Define high stress areas on pistons and rings.
	
	

	
	ii. Demonstrate an understanding of the types, nomenclature and causes of piston and ring failures.
	
	

	
	y. Diesel Engine Overhaul: Attachments and Accessories Failure Analysis
	
	

	
	i. Describe the types, nomenclature and causes of engine and attachment failures including: air filters, fuel filters, fuel system components, oil seals, o-rings, gaskets, intake and exhaust manifold, electrical system components, nuts, bolts and other fasteners.
	
	

	
	z. Diesel Engine Overhaul: Cooling System Failure Analysis
	
	

	
	i. Demonstrate an understanding of the typical cooling system problem areas in an engine.
	
	

	
	ii. Demonstrate an understanding of the failures caused by overheating.
	
	

	
	iii. Demonstrate an understanding of the failures caused by the use of tap water.
	
	

	
	iv. Demonstrate an understanding of the failures caused by the use of 100% coolant antifreeze.
	
	

	
	aa. Diesel Engine Overhaul:  Belts Failure Analysis
	
	

	
	i. Articulate the types and causes of belt failures.
	
	

	
	5. Category Five: Generator
	
	

	
	a. Generator Basics
	
	

	
	i. Demonstrate understanding of the function of various types of generators.
	
	

	
	ii. Explain electro magnetic principles including magnetic fields, electro magnetic relationships, permanent magnets and electro magnetic forces.
	
	

	
	iii. Explain electric power generation including electric power systems, generator construction including single voltage, dual voltage, single phase, and three phase.
	
	

	
	iv. Explain excitation systems including brushless, direct, automatic voltage control of generators, frequency, total harmonic distortion, power factor, AC system, and DC system.
	
	

	
	v. Explain differences in types of loads including resistive loads, reactive loads including inductive reactance, and capacitive reactance.
	
	

	
	vi. Explain units of electrical measurement including ampere units of current flow, voltage unit of pressure, ohm unit of resistance, Ohm’s law, and watt unit of electrical power.
	
	

	
	vii. Locate and identify generator components including winding resistance, shorts and opens, capacitors, transformers, rectifiers including rectifier operation, full wave rectifier, silicone controlled rectifier, the zener diode, and brushes.
	
	

	
	viii. Locate and identify generator components including condense, outlets, resistors, solenoids including fuel shutoff valves, choke solenoid, and idle control solenoid.
	
	

	
	ix. Explain circuit breaker rating.
	
	

	
	x. Explain N.E.M.A. configuration of outlets.
	
	

	
	xi. Explain function of switches including actuating switches, switches classified b poles and throws, push button switches, rotary switches, circuit breakers, thermal switches, and pressure switches.
	
	

	
	xii. Explain purpose and use of transfer switches.
	
	

	
	xiii. Recommend that a customer hire a certified electrician to install a transfer switch.
	
	

	
	xiv. Explain effects of starting motors.
	
	

	
	xv. Explain to customer proper sizing of generators for the desired job.
	
	

	
	b. Generator Service
	
	

	
	i. Demonstrate disassembly and assembly of generator components including rotor windings, stator windings, rotor bearings and carriers, brushes, circuit boards circuit breakers, transformers, idle control components and magnetic pickups.
	
	

	
	ii. Follow circuit diagrams.
	
	

	
	c. Generator Troubleshooting
	
	

	
	i. Demonstrate the use of the following troubleshooting tools: volt/ohm meter meghometer, amp clamp, frequency meter, load bank.
	
	

	
	ii. Explain and troubleshoot idle control systems including idle control solenoid, idle control transformer, idle control circuit board, and stepper motor.
	
	

	
	iii. Demonstrate the use of rotor and stator resistance tables.
	
	

	
	iv. Test switches including actuating switches, switches classified by poles and throws, push button switches, rotary switches, circuit breakers, thermal switches, and pressure switches.
	
	

	
	v. Perform load testing of generators.
	
	

	
	vi. Given a generator with trouble symptoms installed, solve the problem using the proper manual and tools.
	
	


Locally Developed Tasks/Competencies
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