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Pneumatics and Hydraulics

DEM 123 


13 July, 2007


COURSE DESCRIPTION:

This course provides instruction in the identification and repair of components found in hydraulic and pneumatic systems. Topics include schematics and symbols used in fluid power transmission and the troubleshooting of components in these systems. Upon completion, students should be able to diagnose, adjust, and repair basic hydraulic, and pneumatic system components.  
CONTACT/CREDIT HOURS 

Theory Credit Hours  
  

1 hour

Lab Credit Hours



2 hours  

Total Credit Hours 



3 hours

NOTE: Theory credit hours are a 1:1 contact to credit ratio.  Colleges may schedule lab hours as manipulative (3:1 contact to credit hour ratio) or experimental (2:1 contact to credit hour ratio).

PREREQUISITE COURSES 

As determined by college.

CO-REQUISITE COURSES 

As determined by college.

PROFESSIONAL COMPETENCIES

· Explain the basic facts about hydraulic and pneumatic systems and how they work.
· Identify hazards and follow safety rules.
· Read basic hydraulic/pneumatic diagrams.
· Disassemble and assemble various pumps.
· Disassemble and assemble various valves.
· Explain the construction and operation of a basic cylinder.
· Explain the basic operation and design of hydraulic/pneumatic motors.
· Explain how an accumulator works, what it does, and how to service it.
· Explain how and why filters are used and how to properly handle them.
· Explain the function and care of oil reservoirs and heat exchangers.
· Explain the function, selection, installation, and identification of hoses, tubing, and fittings.
· Explain the basic selection, inspection, and maintenance procedures for seals.
· Explain the importance of hydraulic fluid, its properties, and how to maintain it.
· Discuss steps in troubleshooting and safely use test equipment.
INSTRUCTIONAL GOALS

· Cognitive – Comprehend principles and concepts related to heavy equipment pneumatic and hydraulic systems. 
· Psychomotor – Apply principles of heavy equipment pneumatic and hydraulic systems.

· Affective – Value the importance of adhering to policy and procedures related to heavy equipment pneumatic and hydraulic systems.

STUDENT OBJECTIVES

Condition Statement:  Unless otherwise indicated, evaluation of student’s attainment of objectives is based on knowledge gained from this course.  Specifications may be in the form of, but not limited to, cognitive skills diagnostic instruments, manufacturer’s specifications, technical orders, regulations, national and state codes, certification agencies, locally developed lab/clinical assignments, or any combination of specifications.

STUDENT LEARNING OUTCOMES

	MODULE A – BASIC HYDRAULIC/PNEUMATIC PRINCIPLES

	MODULE DESCRIPTION – The purpose of this module is to teach the students to explain the basic facts about hydraulic and pneumatic systems and how they work.  Topics include principles, properties, terms, and most common systems.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	A1.0
Explain the basic facts about hydraulic and pneumatic systems and how they work.
	A1.1
This competency is measured cognitively.
	C

	LEARNING OBJECTIVES 
	KSA

	A1.1.1
Explain the basic properties of fluids in hydraulic and pneumatic systems.

A1.1.2
Explain the basic principles of hydraulic and pneumatic systems.

A1.1.3
Define various terms used in hydraulic and pneumatic systems and give their units of measure.

A1.1.4
Explain the concepts of the spring and solenoids as they affect hydraulic and pneumatic valves.

A1.1.5
Explain where the power comes from for a hydraulic or pneumatic system and how it is produced.

A1.1.6
Describe where the work is done in a hydraulic or pneumatic system and how it is produced.

A1.1.7
Explain what a check valve does.

A1.1.8
Explain the function of a reservoir.

A1.1.9
Explain what controls the flow of fluid into a hydraulic or pneumatic system.

A1.1.10
Explain how pressure is controlled in a hydraulic or pneumatic system.

A1.1.11
Differentiate between open-center and closed-center hydraulic systems.

A1.1.12
Describe the fluid flow in an open-center system with the valve in various positions.

A1.1.13
Describe the fluid flow in a closed-center system with the valve in various positions.

A1.1.14
Describe a closed-loop hydraulic system.

A1.1.15
Describe various uses for hydraulic and pneumatic systems. 
	A

B

A

C

A

C

B

B

B

B

C

C

C

C

C

	MODULE A OUTLINE:

· Principles of hydraulics/pneumatics

· Properties of fluids

· Terms

· Pressure, displacement, flow, force, work, power

· Pumps

· Reservoirs

· Valves

· Open-center system

· Closed-center system

· Uses of hydraulic/pneumatic systems


	MODULE B – HYDRAULIC/PNEUMATIC SAFETY 

	MODULE DESCRIPTION – The purpose of this module is to teach the students to identify hazards and follow safety rules.  Topics include high pressure release, pin-hole leaks, protective equipment, accumulators, connections, safety symbols and general rules for safety.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	B1.0
Identify hazards and follow safety rules.
	B1.1
This competency is measured cognitively and assessed throughout the course.

	C

	LEARNING OBJECTIVES 
	KSA

	B1.1.1
Describe what can happen with a hydraulic or pneumatic system if pressure is released suddenly.

B1.1.2
Describe how to check for pin-hole leaks.

B1.1.3
Describe personal protective equipment necessary to protect yourself when working on a hydraulic or pneumatic system.

B1.1.4
List safety considerations for accumulators.

B1.1.5
Describe the hazards of leaving an implement under pressure.

B1.1.6
Describe the hazards involved when hoses or lines are connected improperly.

B1.1.7
Explain the term crush-point.

B1.1.8
Describe the hazard associated with using a heat source near a pressurized fluid line or hose.

B1.1.9
Identify various safety symbols.

B1.1.10
Explain various safety rules to be followed while working on hydraulic and pneumatic systems.

B1.1.11
Describe the hazards when working with someone not following the safety rules.
	A

b

a

C

C

C

C

C

A

A

C

	MODULE B OUTLINE:

· High pressure fluids and sudden pressure release

· Checking for pin-hole leaks

· Personal protective equipment

· Accumulators

· Improper connections

· Crush-point

· Safety symbols

· General safety rules

· Hazards


	MODULE C – HYDRAULIC/PNEUMATIC SYMBOLS AND SCHEMATICS

	MODULE DESCRIPTION – The purpose of this module is to teach the students to read basic hydraulic/pneumatic diagrams.  Topics include shapes, symbols, guidelines, and how to read a schematic.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	C1.0
Read basic hydraulic/pneumatic schematic.
	C1.1
This competency is measured cognitively.
	C

	LEARNING OBJECTIVES 
	KSA

	C1.1.1
Describe what various shapes/symbols represent in a hydraulic/pneumatic schematic.

C1.1.2
Describe basic guidelines for reading hydraulic/pneumatic schematics.

C1.1.3
Explain the operation of a basic hydraulic/pneumatic system by looking at a schematic.
	B

A

C

	MODULE C OUTLINE:

· Characteristics of symbols

· Shapes and symbols

· Pumps

· Motors

· Valves

· Cylinders

· Accumulators

· Filters

· Heat exchangers/Conditioners

· Reservoirs

· Guidelines

· Reading diagrams


	MODULE D – PUMPS/COMPRESSORS

	MODULE DESCRIPTION – The purpose of this module is to teach the students to disassemble and assemble various pumps and compressors.  Topics include positive and non-positive displacement, efficiency, types of pumps and compressors, qualities, malfunctions and failures, and components.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	D1.0
Disassemble and assemble various pumps and compressors.
	D1.1
Safely, disassemble, inspect, repair, and reassemble specified pumps and compressors.
	2

	LEARNING OBJECTIVES 
	KSA

	D1.1.1
Explain the function of a pump.

D1.1.2
Explain the function of a compressor.

D1.1.3
Describe displacement.

D1.1.4
Differentiate between a positive and non-positive displacement pump.

D1.1.5
Differentiate between fixed-displacement and variable-displacement pumps.

D1.1.6
Explain pump and compressor efficiency.

D1.1.7
Describe the most widely used types of pumps and compressors.

D1.1.8
Explain how various types of pumps/compressors operate.

D1.1.9
Describe the common causes of pump/compressor malfunctions.

D1.1.10
Explain what causes pump/compressor overloading.

D1.1.11
Describe most likely causes for various pump and compressor failures.

D1.1.12
Identify various components of specified pumps and compressors.
	A

A

A

C

C

B

B

B

C

C

C

a

	MODULE D OUTLINE:

· Displacement

· Positive

· Non-positive

· Efficiency

· Types of pumps and compressors

· Gear

· Vane

· Piston

· Screw compressors

· Pump and compressor qualities

· Malfunctions and failures

· Components


	MODULE E – VALVES

	MODULE DESCRIPTION – The purpose of this module is to teach the students to disassemble and assemble various valves.  Topics include pressure control valves, directional control valves, and volume control valves.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	E1.0
Disassemble and assemble various valves.
	E1.1
Safely disassemble, inspect, repair, and reassemble specified valves.
	2

	LEARNING OBJECTIVES 
	KSA

	E1.1.1
Identify and describe various types of common valves.

E1.1.2
Describe how relief valves are used in a hydraulic/pneumatic system.

E1.1.3
Differentiate between direct-acting and pilot-operated relief valves. 

E1.1.4
Define cracking pressure and full-flow pressure as related to relief valves.

E1.1.5
Differentiate between various types of reducing valves.

E1.1.6
Explain what a sequence valves does in a hydraulic/pneumatic system.

E1.1.7
Describe what an unloading valve does.

E1.1.8
Explain how various types of directional control valves are used.

E1.1.9
Explain what a check valves does.

E1.1.10
Explain the function of a drain valve on a pneumatic system. 

E1.1.11
Differentiate between a system relief and circuit relief valve.

E1.1.12
Describe the function of an anti-cavitations valve in a hydraulic system.

E1.1.13
Describe how valves are controlled. 
	A

A

C

C

C

C

A

C

A

A

C

A

A

	MODULE D OUTLINE:

· Pressure control valves

· Relief valves

· Direct-acting  

· Pilot-operating

· System relief

· Circuit relief

· Reducing valves

· Sequencing valves

· Unloading valves

· Directional control valves

· Check valves

· Spool valves

· Pilot-controlled poppet valves

· Rotary directional valves

· Volume control valves

· Specific flow

· Proportional divided flow

· Priority flow


	MODULE F – HYDRAULIC/PNEUMATIC CYLINDERS

	MODULE DESCRIPTION – The purpose of this module is to teach the students the construction and operation of a basic cylinder.  Topics include cylinder types, actuators, and seals.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	F1.0
Explain the construction and operation of a basic cylinder.
	F1.1
Safely disassemble, inspect, repair, and reassemble specified cylinders.
	2

	LEARNING OBJECTIVES 
	KSA

	F1.1.1
Explain the basic function of a hydraulic/pneumatic cylinder.

F1.1.2
Differentiate between a single-acting and double-acting cylinder.

F1.1.3
Describe various types of single-acting cylinders.

F1.1.4
Explain advantages and disadvantages of each type.

F1.1.5
Differentiate between a balanced and unbalanced double-acting cylinder.

F1.1.6
Explain the function of various types of cylinder stops.

F1.1.7
Explain a stepped piston.

F1.1.8
Describe a vane-type actuator.

F1.1.9
Describe various piston components and seals.
	A

C

C

A

C

C

A

A

a

	MODULE F OUTLINE:

· Piston-type cylinders

· Single-acting

· Double-acting

· Vane-type actuator

· Seals


	MODULE G – HYDRAULIC/PNEUMATIC MOTORS

	MODULE DESCRIPTION – The purpose of this module is to teach the students the basic operation and design of hydraulic/pneumatic motors.  Topics include displacement and torque, pump versus motor, types of motors, and motor selection.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	G1.0
Explain the basic operation and design of hydraulic/pneumatic motors.
	G1.1
Safely disassemble, inspect, repair, and reassemble specified motors.
	2

	LEARNING OBJECTIVES 
	KSA

	G1.1.1
Differentiate between a pump and motor.

G1.1.2
Define various terms associated with hydraulic/pneumatic motors.

G1.1.3
Describe the rotary principle.

G1.1.4
Describe the operation of an external gear motor.

G1.1.5
Explain the basic operation of an internal gear motor.

G1.1.6
Describe the operation of a vane motor.

G1.1.7
Differentiate between a vane motor and a vane pump.

G1.1.8
Describe an axial-piston motor.

G1.1.9
Describe a cam lobe motor.

G1.1.10
Explain how multiple speeds can be achieved using a cam lobe motor.

G1.1.11
Explain the considerations when matching a motor to an application.

G1.1.12
Explain how motors are rated.
	C

A

A

A

A

A

C

A

A

B

C

B



	MODULE G OUTLINE:

· Displacement and torque

· Pump versus motor

· Types of hydraulic/pneumatic motors

· Gear

· Vane

· Piston

· Hydrostatic drives

· Application and efficiency

· Motor selection

· Torque

· Speed

· Horsepower


	MODULE H – ACCUMULATORS

	MODULE DESCRIPTION – The purpose of this module is to teach the students how an accumulator works, what it does, and how to service it.  Topics include uses of accumulators, types of accumulators, and servicing.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	H1.0
Explain how an accumulator works, what it does, and how to service it.
	H1.1
This competency is measured cognitively. 
	c

	LEARNING OBJECTIVES 
	KSA

	H1.1.1
Explain an accumulator’s function.

H1.1.2
Describe the methods used to load an accumulator.

H1.1.3
Differentiate between various types of accumulators.

H1.1.4
Explain the need to pre-charge an accumulator.

H1.1.5
Explain the precautions necessary before removing an accumulator.

H1.1.6
Outline the steps to be followed, and the hazards associated with accumulator servicing.
	A

A

A

A

c

c

	MODULE H OUTLINE:

· Uses of accumulators

· Store energy

· Absorb shock

· Build pressure

· Maintain pressure

· Types of accumulators

· Pneumatic/nitrogen

· Weight-loaded

· Spring-loaded

· Servicing


	MODULE I – FILTERS AND DRYERS

	MODULE DESCRIPTION – The purpose of this module is to teach the students how and why filters and dryers are used and how to properly handle them.  Topics include filter and dryer uses, types, ratings, and contamination.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	I1.0
Explain how and why filters and dryers are used and how to properly handle them.
	I1.1
Safely remove, disassemble, inspect, reassemble, and reinstall specified filters and dryers.
	2

	LEARNING OBJECTIVES 
	KSA

	I1.1.1
Explain why hydraulic/pneumatic systems are designed with filters and dryers.

I1.1.2
Describe where filters and dryers are placed in a system and why.

I1.1.3
Differentiate between a bypass filtering system and a full flow system.

I1.1.4
Differentiate between surface filters and depth filters.

I1.1.5
Differentiate between absorbent and adsorbent depth filters.

I1.1.6
Explain the function of a bypass filter.

I1.1.7
Describe how to prevent continual bypass.

I1.1.8
Define a micron.

I1.1.9
Describe the proper handling of filters.

I1.1.10
Describe the major sources of contamination in hydraulic/pneumatic systems.

I1.1.11
Explain common procedures used to properly filter/dry a hydraulic/pneumatic system.
	A

B

C

C

C

A

A

A

A

A

C

	MODULE I OUTLINE:

· Filter/dryer uses

· Types of filters/dryers

· Filter ratings

· Contamination


	MODULE J – RESERVOIRS AND HEAT EXCHANGERS

	MODULE DESCRIPTION – The purpose of this module is to teach the students the function and care of oil reservoirs and heat exchangers.  Topics include reservoirs, and heat exchangers.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	J1.0
Explain the function and care of oil reservoirs and heat exchangers. 
	J1.1
Safely inspect, and replace specified oil reservoirs and heat exchangers.
	2

	LEARNING OBJECTIVES 
	KSA

	J1.1.1
Explain the function of a reservoir.

J1.1.2
Identify the primary components of a reservoir.

J1.1.3
Explain a pressurized reservoir.

J1.1.4
Explain a vented reservoir.

J1.1.5
Explain how to maintain a reservoir.

J1.1.6
Differentiate between various types of coolers.

J1.1.7
Explain how to maintain a heat exchanger.
	A

a

A

A

b

C

b

	MODULE J OUTLINE:

· Reservoirs

· Capacity

· Features

· Heat exchangers

· Air to air

· Air to oil

· Water to oil


	MODULE K – LINES AND COUPLERS

	MODULE DESCRIPTION – The purpose of this module is to teach the students the function, selection, installation, and identification of hoses, tubing, and fittings.  Topics include hoses, tubes, and couplers.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	K1.0
Explain the function, selection, installation, and identification of hoses, tubing, and fittings.
	K1.1
Safely remove, inspect, and replace specified hoses, tubing, and fittings.
	2

	LEARNING OBJECTIVES 
	KSA

	K1.1.1
Describe what basic characteristics of a hose make it so widely used.

K1.1.2
Explain the hose specifications (SAE standards) normally used in hose selection.

K1.1.3
Describe the construction of a reinforced hose.

K1.1.4
Describe how to choose a hydraulic/pneumatic hose for a specified application.

K1.1.5
Define the four general categories of hose construction.

K1.1.6
Differentiate between spiral-wrapped and braided hose.

K1.1.7
Explain how hose size affects how much pressure they can carry.

K1.1.8
Describe the most common types of hose failure.

K1.1.9
Explain the most common things to avoid when installing a hose.

K1.1.10
Explain why tubes are used in place of hoses.

K1.1.11
Describe the application of various types of metal tubes.

K1.1.12
Explain the common rules to be followed when installing pipes or tubing.

K1.1.13
Describe how to install a permanent fitting on a hose.

K1.1.14
Describe how to install a reusable hose fitting.

K1.1.15
Describe common types of coupler sealing.

K1.1.16
Explain the various types of flared tube fittings.

K1.1.17
Explain the advantages of flareless fittings.

K1.1.18
Describe the types of flareless fittings.

K1.1.19
Identify the types of quick couplers.

K1.1.20
Describe the hazards involved when hoses or lines are connected improperly.

K1.1.21
Describe the hazard associated with using a heat source near a pressurized fluid line or hose.

K1.1.22
Identify various safety symbols.

K1.1.23
Explain various safety rules to be followed while working on hydraulic/pneumatic systems.
	A

A

B

b

A

C

C

A

A

C

B

b

b

b

A

A

C

C

A

C

C

C

C

	MODULE K OUTLINE:

· Hoses

· Selection

· Failure

· Troubleshooting

· Tubes

· Selection

· Troubleshooting

· Removal and installation

· Making replacement

· Couplers

· Hose couplers

· Tube fittings

· Quick disconnect couplers

· Quick disconnect latches

· Tips


	MODULE L – HYDRAULIC/PNEUMATIC SEALS

	MODULE DESCRIPTION – The purpose of this module is to teach the students the basic selection, inspection, and maintenance procedures for seals.  Topics include uses and types of seals, seal selection, and seal failure.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	L1.0
Explain the basic selection, inspection, and maintenance procedures for seals.
	L1.1
Safely remove, disassemble, inspect, repair or maintain, reassemble, and reinstall various types of seals.
	2

	LEARNING OBJECTIVES 
	KSA

	L1.1.1
Explain the use of seals in hydraulic/pneumatic systems.

L1.1.2
Explain what an O-ring is and how it can be used.

L1.1.3
Explain how U and V packing are used.

L1.1.4
Describe a spring-loaded lip seal.

L1.1.5
Describe the uses of cup and flange packings.

L1.1.6
Describe a cap seal.

L1.1.7
Explain the design and use of a mechanical seal.

L1.1.8
Explain the design and use of a metallic seal.

L1.1.9
Describe a metal face seal.

L1.1.10
Explain the use of compression (jam) packings and describe how they work.

L1.1.11
Explain the basic factors for seal selection.

L1.1.12
Explain allowable leakage and seal replacement standards.

L1.1.13
Explain inspection requirements when disassembling for a leak.


	B

A

B

A

A

A

A

A

A

A

B

B

B

	MODULE L OUTLINE:

· Uses of seals

· Types of seals

· O-rings

· U and V packings

· Spring-loaded lip seals

· Cup and flange packings

· Cap seal

· Mechanical seal

· Metal face seal

· Compression packings

· Compression gaskets

· Selection

· Seal failures


	MODULE M – FLUIDS

	MODULE DESCRIPTION – The purpose of this module is to teach the students the importance of hydraulic fluid, its properties, and how to maintain it.  Topics include properties and attributes of hydraulic fluids, as well as maintenance.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	M1.0
Explain the importance of hydraulic fluid, its properties, and how to maintain it. 
	M1.1
Demonstrate the appropriate handling, storage, and disposal of hydraulic fluid.
	2

	LEARNING OBJECTIVES 
	KSA

	M1.1.1
Explain the importance of hydraulic fluid to the smooth operation of a hydraulic system.

M1.1.2
Explain why hydraulic brake fluid should not be used in a hydraulic system.

M1.1.3
Explain how hydraulic fluid prevents wear on system parts.

M1.1.4
Describe the factors that contribute to oxidation in a hydraulic system.

M1.1.5
Describe how hydraulic fluid reduces oxidation.

M1.1.6
Outline the necessary properties of hydraulic fluid.

M1.1.7
Describe viscosity.

M1.1.8
Describe the viscosity index.

M1.1.9
Explain the viscosity index improver.

M1.1.10
Describe how to handle hydraulic fluid.
	A

A

A

A

A

A

A

A

A

A

	MODULE M OUTLINE:

· Properties

· Viscosity

· Viscosity Index

· Viscosity Index Improver

· Wear prevention

· Resistance to Oxidation

· Rust and corrosion prevention

· Resistance to foaming

· Ability to separate from water

· Lack of other contaminants

· Maintenance of fluid

· Oil change schedule

· Keeping fluids clean

· Choosing the right viscosity


	MODULE N – TROUBLESHOOTING

	MODULE DESCRIPTION – The purpose of this module is to teach the students the steps in troubleshooting and the safe use of test equipment.  Topics include troubleshooting safety, basic steps of troubleshooting, types of systems, operational check out, leak check, and test equipment procedures.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	N1.0
Discuss steps in troubleshooting and safely use test equipment.
	N1.1
Safely troubleshoot/test and diagnose specified hydraulic/pneumatic systems.
	2

	LEARNING OBJECTIVES 
	KSA

	N1.1.1
Explain the steps in diagnosing a problem.

N1.1.2
Explain the main types of hydraulic/pneumatic systems.

N1.1.3
Explain the principle of the operational checkout.

N1.1.4
Explain how to determine if a leak is within tolerances or not.

N1.1.5
Describe simple leakage tests that can be performed without test equipment.

N1.1.6
Identify the primary items that require testing in hydraulic/pneumatic circuit.

N1.1.7
Describe how to install a tester for pump testing.

N1.1.8
Describe the procedure for operating the pump tester.

N1.1.9
Describe the procedure for testing the remainder of the system.

N1.1.10
Describe the condition of the machine for various symptoms.

N1.1.11
Explain the two general rules for the effect of relief valves on the system.
	b

B

B

C

B

B

b

c

c

C

B

	MODULE N OUTLINE:

· Troubleshooting safely

· Basic steps

· Know the system

· Ask the operator

· Operate the machine

· Inspect the machine

· List the possible causes

· Reach a conclusion

· Test your conclusion

· Types of systems

· Open-center systems

· Closed-center pressure-sensing systems

· Load-sensitive systems

· Advantages of each

· Disadvantages

· Operational checkout

· Hydraulic/Pneumatic system checks

· Look-listen-feel

· Checking for internal leaks

· Test equipment

· Pressure testing

· Flow testing

· Pump testing

· Pump diagnosis

· System testing

· Temperature testing


LEARNING OUTCOMES Table of specifications

The table below identifies the percentage of learning objectives for each module.  Instructors should develop sufficient numbers of test items at the appropriate level of evaluation.  
	
	Facts/ Nomenclature
	Principles/ Procedures
	Analysis/ Operating Principles
	Evaluation/ Complete Theory

	
	A/a
	B/b
	C/c
	D/d

	Module A
	20%
	33%
	47%
	

	Module B
	36%
	9%
	55%
	

	Module C
	33%
	33%
	34%
	

	Module D
	27%
	27%
	46%
	

	Module E
	50%
	
	50%
	

	Module F
	56%
	
	44%
	

	Module G
	58%
	17%
	25%
	

	Module H
	67%
	
	33%
	

	Module I
	55%
	9%
	36%
	

	Module J
	57%
	29%
	14%
	

	Module K
	35%
	26%
	39%
	

	Module L
	62%
	38%
	
	

	Module M
	100%
	
	
	

	Module N
	
	64%
	36%
	


	Knowledge, Skills, and Attitudes (KSA) Indicators

	
	Value
	Key Word(s)
	Definition

	Performance 
Ability 
	4
	Highly 

Proficient
	Performs competency quickly and accurately.  Instructs others how to do the competency. 

	
	3
	Proficient
	Performs all parts of the competency.  Needs only a spot check of completed work.

	
	2
	Partially

 Proficient
	Performs most parts of the competency.  Needs help only on hardest parts. 

	
	1
	Limited Proficiency
	Performs simple parts of the competency.  Needs to be told or shown how to do most of the competency. 

	Knowledge of Skills
	d
	Complete

Theory
	Predicts, isolates, and resolves problems about the competency.

	
	c
	Operating Principles
	Identifies why and when the competency must be done and why each step is needed.

	
	b
	Procedures
	Determines step-by-step procedures for doing the competency.

	
	a
	Nomenclature
	Names parts, tools, and simple facts about the competency.

	Knowledge
	D
	Evaluation
	Evaluates conditions and makes proper decisions about the subject.

	
	C
	Analysis
	Analyzes facts and principles and draws conclusions about the subject.

	
	B
	Principles
	Identifies relationship of basic facts and states general principles about the subject.

	
	A
	Facts
	Identifies basic facts and terms about the subject.

	Affective
	*5
	Characterization by Value
	Acting consistently with the new value

	
	*4
	Organization
	Integrating a new value into one's general set of values, giving it some ranking among one's general priorities

	
	*3
	Valuing
	Showing some definite involvement or commitment

	
	*2
	Responding
	Showing some new behaviors as a result of experience

	
	*1
	Receiving
	Being aware of or attending to something in the environment

	Alpha Scale Values - Any item with an upper case letter (A, B, C, D) by itself is taught as general information on a topic.  This information may be related to the competency or encompass multiple competencies.  Examples might include mathematical computations or knowledge of principles such as Ohm’s Law.

A lower case letter indicates a level of ”Knowledge of Skills."  Individuals are taught information pertaining to performing a competency .  These may be indicated alone or in conjunction with a numerical scale value.  A lower case letter by itself indicates the individual is not required to perform the task-just know about the task.  (example: Can state or explain procedures for doing a task).

Numerical Scale Values - The numbers reflect the levels the individual will be able to perform a competency. Number values are always accompanied by lower case letters (i.e. 1a, 2b, 3c...etc.) in order to specify the level of knowledge of skills associated with the competency.   

Example:  An individual with a competency with a scale indicator of 3b has received training of knowledge of skills whereby he or she can determine the correct procedures and perform with limited supervision; only requiring evaluation of the finished product or procedure.

Asterisk items indicate desired affective domain levels and are used to indicate the desired level for a given competency.   They may be used independently or with other indicators (i.e.   1a-*1, 2c-*3).  If used with another indicator, separate with a hyphen.

NOTE:  Codes indicate terminal values.
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