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FOREWORD

Under the threat of global competition, shrinking product life cycles, and higher product quality
standards American manufacturing is turning towards electronic sophistication to increase
productivity and precision and reduce costs. Robotics, computer controlled systems, and
electronic instrumentation have entered the manufacturing workplace at a pace unparalleled in
United States industrial history while human workers and the conventional machines they used to
operate are departing at the same rate. The machine operator in American factories has become a
vulnerable part of the sector and can only hope to survive by obtaining continued training in the
new technologies which have revolutionized manufacturing.

Assessment of industry and educational strengths, weaknesses, and opportunities through the year

~ 2000 by Augusta Technical Institute reveals that 95% of future jobs will go to individuals with

advanced technical training. The majority of these jobs will require post-secondary education and
skills training. Since less that 20% of the population will pursue four-year, post-secondary
education, community colleges and similar training institutions will be tasked with training the
remaining 80% of the population through technology-based training and literacy curricula.

A case in point is the emerging occupation of Instrumentation and Control Technician. The
Instrumentation and Control Technician is the worker in a manufacturing plant who insures that
all instrumentation and control components of the manufacturing process operate at maximum
efficiency. The work of the Instrumentation and Control Technician blends the science of data
acquisition and control of systems with use of electronics and digital computers. Dynamic
evaluation, testing, controller tuning, and total system performance are his or her concern. The
need for such workers is vital and varied. Instrumentation and Control Technicians can work in
field technical sales, field service representation, instrumentation engineering, network systems,
computer systems technology, and even some robotics interfacing. Industries such as oil,
chemical, petro chemical, power, big manufacturing plants, water utilities, and even large
municipalities with large power plants will likely face increasing need for instrumentation workers
in the future.

Recognizing the need to increase the supply of new skilled workers in this and other
occupations for the metal and metals-related industries, the U.S. Department of Education
launched the Cooperative Demonstration Program (Manufacturing Technologies) as part
of the National Skills Standards Act of 1994. The goal of the Department initiative was to
foster the development and implementation of national skill standards and a training model
for certificate and Associate of Science degree programs. In July 1994, a multi-state
consortium of community colleges led by Texas State Technical College received a grant
awarded by the Department under the initiative. The Machine Tool Advanced Skills
Technology (MAST) consortium, which includes six of the nation's leading Advanced
Technology Centers (ATCs), was formed to develop, test and disseminate industry-specific
skill standards and model curricula for the U.S. machine tool industry over a two year
period. As part of the MAST consortium, Augusta Technical Institute in Georgia was
tasked with developing and piloting skill standards and model curricula in the technical

area of Instrumentation and Control Technician.



After numerous interviews with practitioners from industry (see Appendix A) and discussions
with educators, managers, supervisors, and others involved with machine related occupations and
specifically instrumentation and control, the MAST consortia partners have agreed to present our
definition of a Instrumentation and Control Technician as follows:

INSTRUMENTATION AND CONTROL TECHNICIAN: The instrumentation and control

technician will be able to troubleshoot, repair, calibrate, specify, and commission as required all
instrumentation and control components relating to plant operations.

Augusta Technical College's curricula for instrumentation and control technician is structured as
a 24 course, two year course of study. Course diversity ranges from motor control and fluid
mechanics to circuit analysis and differential calculus.

This volume contains the justification, documentation, and course syllabi for the courses

recommended as minimum training for individuals desiring to become instrumentation and control
technicians.
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PARTNER OCCUPATIONAL SPECIALITY ASSIGNMENTS

Although each of the six partner college development centers possessed detailed expertise in each
of the MAST 15 occupational specialities, a division of work was still very necessary to ensure
completion of the project due to the enormity associated with industrial assessment and complete
curriculum revision for each of the areas of investigation.

Each Collegiate Partner was responsible for development of a specialization component of the
overall model. Information for the future direction of this specialization area was obtained from
NIST Manufacturing Centers and/or national consortia, professional societies, and industrial
support groups addressing national manufacturing needs. Each Collegiate Partner tested its
specialization model utilizing local campus resources and local industry. Information gained from
the local experience was utilized to make model corrections. After testing and modification,
components were consolidated into a national model: These events occurred during the first year
of the Program. During the second year of the Program, the national model was piloted at each
of the Collegiate Partner institutions. Experience gained from the individual pilot programs was
consolidated into the final national model.

What follows is a profile of the MAST development center which had primary responsibility for
the compilation and preparation of the materials for this occupational specialty area. This college
also had the responsibility for conducting the pilot program which was used as one of the means
of validation for this program. :

bt
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MAST DEVELOPMENT CENTER, AUGUSTA, GA
Advanced Manufacturing Technology Center
Augusta Technical Institute

Kenneth Breeden, Commissioner

Georgia Department of Technical and Adult Education 3116 Deans Bridge Road
Jack Patrick, President Augusta, GA 30906
Augusta Technical Institute College phone: 706/7714000, fax: 706/771-4016
Jim Weaver, Director Center phone: 706-771-4090, fax: 706/771-4091
Advanced Manufacturing Technology Center e-mail: jweaver@augusta.net

A

Manufacturing in the Augusta Region

Augusta is the second largest city in Georgia and manufacturing represents the largest sector of the Augusta
economy. The region is home to 810 manufacturers employing 89,717 people, an industrial base consisting of
about 75% process control and 25% discrete parts production facilities. Major areas of emphasis for industry
include technology transfer, factory floor training, and job certification programs. Growth of manufacturing in the
region has been driven by Augusta’s high tech development in electronics, process control, telecommunications,
computers, medical services and instrumentation.

Augusta Technical Institute and Advanced Manufacturing Technology Center (AMTEC)

Augusta Technical Institute (ATI) is part of Georgia’s Department of Technical and Adult Education system,
serving a large percentage of the two-state Central Savannah River area through its main campus and satellite
facilities. The student body includes vocational-technical and college prep students, as well as current workers
seeking retraining or skills upgrade; ATI has long emphasized outreach and special attention to the needs of low
income, rural and disadvantaged residents, as well as displaced workers, single parents, women in non-traditional
fields, and the disabled. In 1983, the Institute used the opportunity to host one of Georgia’s new regional
advanced technology centers (ATC’s) to streamline its technical programs and thereby help to ensure the future
employability of its students. ATI’s Advanced Manufacturing Technology Center (AMTEC) is designed to
provide technology research and demonstration, industry assessments, technical consulting, and industry-specific
contract training for the many established and emerging high tech companies in the Augusta region.

Development Team

* Project Director: Jim Weaver, PhD., Director of AMTEC, served as program director for the MAST

project. :

Subject Matter Expert: Ronnie Lambert, MS, MAST Site Coordinator, had program responsibility for

developing skill standards based on the industry skills verification process, as well as developing course

curricula and program materials for the MAST pilot program in Industrial Maintenance Mechanic
and Instrumentation Technician. Mr. Lambert has taught Industrial Maintenance Mechanic and

Instrumentation for 32 years in colleges and industry across the Southeast.

*  Subject Matter Expert: Bob Johnson, BS, Project Development, was responsible for developing skill
standards for the MAST project. Mr. Johnson has 27 years of experience in process-related industry
and training in both technical schools and industry; he is certified in many process-related
specialty areas. '
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THE MAST COMPETENCY PROFILE

Development of Competency Profiles at each of the MAST sites began with visits to
representative companies for the purpose of surveying expert workers within the industry and
occupational areas under investigation. Each site began the survey process by asking a subject
matter expert in the targeted technical area, generally a member of their faculty, to employ a
modified version of the generally-accepted DACUM (Developing A Curriculum) method to
categorize the major skills needed to work in the selected occupation. As source materials, the
college instructors drew on their professional knowledge and experience of current and future
industry requirements. The initial skill standards developed by the subject matter experts
underwent numerous internal reviews and revisions within each site, assuming final form as a
series of structured survey and interview statements designed to elicit a simple yes or no response.

To determine an appropriate survey sample, each site compiled a database of their region's small
and medium-sized manufacturers and searched for companies likely to employ workers in the
targeted occupational area. The resulting cross-industry samples were sorted further to achieve a
balance of technological capability and workforce size; the sample companies within each region
were then asked to participate in the project. Willing respondents were scheduled for interviews.

During the company interviews, MAST staff asked expert workers to identify the primary duties
and tasks performed by a typical worker and to consider the special skills and knowledge, traits
and attitudes, and industry trends that will have an impact on worker training, employability, and
performance both now and in the future. The interview results were analyzed to create individual
profiles identifying the most common duties and skills required of workers at each company.
Copies of individual company competency profiles are provided in Appendix A of this volume.
These individual company Competency Profiles served two purposes. First, they showed, in a
format that could be easily understood by both industry and educators, a picture of the
occupational specialty at a given company at that particular time. Second, these individual
company Competency Profiles furnished the company with a document for which they could
claim ownership. This, in effect, made them “real” partners in the work of MAST.

Data for all companies were then aggregated to develop a composite Competency Profile of
industry skill standards within the selected occupational specialty area of, as shown in the
following pages.

These same duties and tasks were then included in both the Texas and National Surveys for
further validation (see Volume 1). As a result of the surveys, additional refinements were made
to the Competency Profiles. These changes were then incorporated into the individual course
syllabi which were used for the pilot program.

The MAST Competency Profile for this occupational specialty area has been included on the
following pages.

BEST COPY AVAILABLE
13
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THE MAST TECHNICAL WORKPLACE
COMPETENCY OUTLINE

The Competency Profiles derived from the industry survey process were returned to industry and
faculty members at each MAST partner college for review. Reviewers were asked to identify
specific sub-tasks within each block of Duties and Tasks in the Profile; MAST staff at each
college broke the sub-tasks down further into the detailed steps required to actually perform the
duties and tasks of the manufacturing process. It is these detailed skill standards that were then
incorporated into development of the curriculum and piloted as a training program by each of the
MAST colleges. All results for the specific occupational specialty area have been organized as an
outline of the duties, tasks, and sub-tasks required to demonstrate technical competency in the
workplace, as shown in the following pages.

As a result of the Texas and the National Surveys, additional refinements were made to the
Competency Outlines. These changes were then incorporated into the individual course syllabi.

The MAST Technical Workplace Competency Outline for this occupational specialty area has
been included on the following pages.
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INSTRUMENTATION AND .CONTROL TECHNICIAN
TECHNICAL WORKPLACE COMPETENCIES

INSTRUMENT AND CONTROL TECHNICIAN...will be able to troubleshoot, repair,
calibrate, specify and commission as required all instrumentation and control components

relating to overall plant operations. This is to include dynamic evaluation, testing, controller
tuning, and total system performance evaluations.

A. PRACTICE SAFETY
L. Follow Safety Manuals and All Safety Regulations/Requirements

a. Assume responsibility for the personal safety of oneself and others
b. Develop a personal attitude towards safety
C. Interpret safety manual directives
d. Comply with established company safety practices
2. Use Protective Equipment
a. Wear protective safety clothing as required
b. Locate and properly use protective equipment
C. Use lifting aids when necessary
3. Follow Safe Operating Procedures for Hand and Power Tools
a. Identify and understand safe machine operating procedures
b. Demonstrate safe machine operation
4. Maintain a Clean and Safe Work Environment
a. Keep work areas clean
b. Clean machine/hand tools when work is completed
c. Put tools away when work is finished
d. Keep aisles clear of equipment and materials

B. MAINTAIN CONTROL SYSTEMS

Proper Storage of Circuit Boards

Collect and Record Data According to Company Requirements
Test and Calibrate Transducers According to Specs

Perform Preventive Maintenance Procedures for Control Devices
Test and/or Replace Printed Circuit Boards

Function Check Individual Elements Within Loop
Troubleshoot Different Types of System Modules

Test Different Types of System Modules

Configure Software

10.  Repair Different Types of System Modules

11.  Install Control System Hardware

Simulate Control System Check

. Loop-Check Control System

14.  Perform On-Line Testing

15. Troubleshoot and Maintain PLCs and Motor Control Systems

WRNAN AW~

C. MAINTAIN FIELD INSTRUMENTATION DEVICES
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1. Test and Calibrate Pressure, Level, Flow, Temperature Switches
2. Troubleshoot and Repair Pressure, Level, Flow, Temperature Switches
3. Adjust Dampers and Positioners
4, Troubleshoot and Adjust Control Drive (Damper)
5. Test and Calibrate Indicators and Gauges
6. Troubleshoot and Repair Indicators
7. Test and Calibrate Transmitters
8. Test and Calibrate Recorders
9. Troubleshoot and Repair Recorders
10.  Troubleshoot Linear Variable Differential Transformers
11.  Troubleshoot, Repair, and Calibrate Transmitters
12.  Test Different Field Sensing Elements
a. flow
b. temperature
c. pressure
d. level
13.  Install/Replace Field Sensing Elements
14.  Troubleshoot and Repair Transmitters
15.  Tune Controllers: Pneumatic and Electronic
16.  Troubleshoot and Repair Plant Computing Systems Relating to Process Controls
17.  Troubleshoot and Repair Solenoid Valves
18.  Perform Preventive Maintenance Procedures for Field Devices
19.  Test and Repair Thermocouples
20.  Check and Test Vibration Sensing Elements
21.  Inspect and Troubleshoot Power Supplies and Converters
22.  Test and Calibrate Control Valve Actuators
23.  Troubleshoot and Repair Control Valves/Positioners
24.  Test and Calibrate Controllers
25.  Troubleshoot and Repair Local Controllers
26.  Troubleshoot and Repair Electronic Computing Relays
27.  Troubleshoot and Repair Analyzers
28.  Test and Calibrate Air Analyzers
29.  Test and Calibrate Water Analyzers
30.  Troubleshoot Servo Valves
31. Calibrate Servo Valves
32.  Test and Clean Video Display Unit
33.  Check and Adjust Video Display Unit
34. Specify and Configure Smart Field Devices, i.e., Transmitters and Valves
35. Operate Control Systems Including Single Element, Cascade, Ratio, and
Feedforward
36.  Test and Calibrate Gas Analyzers
ORGANIZE WORK ROUTINES
1. Organize Documents and Drawings Required on the Job
2. Determine Proper Tools/Equipment/Materials to Perform the Job
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1.

Coordinate Work Activities with Other Crafts/Units

Coordinate Preventive Maintenance Schedule with Planning Group

Verify Equipment Isolation Prior to Performance of Work for Safety Reasons
Report Abnormal Equipment Problems to Supervisor

Write New Calibration Procedures if Needed

Follow Specifications

Perform Basic Algebraic Operations

Perform Basic Trigonometric Functions

Perform Basic Calculus Operations

OLLECT AND FILE DATA

Record Test/Calibration Data

Record Preventive Maintenance Data
Record Equipment Disconnect Data
Evaluate Collected Data

Review & Revise Procedures if Needed
Write Reports Required by Company
Specify Equipment for Control Systems
Prepare and Update Specification Forms
Write Work Orders

Prepare and Update Ladder And/Or Logic Diagrams
Program PLC’s

PARTICIPATE IN CONTINUING EDUCATION ACTIVITIES

A I A S N

Read/Interpret Diagrams and Drawings

Sketch Diagrams

Study Technical Equipment Information

Application of ISA/JIC Standards

Understand Proper Use of Test Equipment and Tools
Learn to Write Technical Reports

Acquire Safe Practices for Handling Hydraulic and Special Tools
Utilize Technical Manuals

Understand Personal Computers

Attend On-Going Safety Training Courses
Participate in Plant Related Training

Attend PLC Training

Attend DCS Training

MAINTAIN AND CONTROL INVENTORY ACCORDING TO COMPANY
POLICIES AND PROCEDURES

1.

2.
3.
4

Learn to Review and Forecast Spare Parts Inventory

Prepare Parts Request

Verify Parts Received

Research/Verify Substitute Specifications
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H. TROUBLESHOOT, INSTALL, MAINTAIN AND OPERATE MOTOR
CONTROL SYSTEMS

Troubleshoot, Install, Maintain, and Operate Motor Starters

Troubleshoot, Install, Maintain, and Operate Relays

Troubleshoot, Install, Maintain, and Operate Pushbuttons

Troubleshoot, Install, Maintain, and Operate Switches

Troubleshoot, Install, Maintain, and Operate PLC Systems, i.e., PLC and DCS

Networks

SNBAWN =




THE MAST PILOT PROGRAM CURRICULUM
AND COURSE DESCRIPTIONS

After completing the Competency Profile and Technical Workplace Competency Outline for each
occupational specialty area, each MAST partner reviewed their existing curricula against the
industry-verified skill standards in order to identify a suitable foundation for new pilot training
programs. Because each college had to comply with the requirements of its respective college
system and appropriate state agency, the resulting pilot curricula for occupational specialty areas
tended to vary in format and academic requirements (e.g., some programs were based on the
semester system, others on the quarter system). Despite differences in the curricula developed at

the partner colleges, each of the pilot programs was designed to achieve the following two goals
mandated in the MAST grant proposal:

. Pilot Program: “Conduct a one year pilot program with 25 or more selected applicants at
each college or advanced technology center to evaluate laboratory content and
effectiveness, as measured by demonstrated competencies and indicators of each program
area.”

. Student Assessment: “Identify global skills competencies of program applicants both at
point of entrance and point of exit for entry level and already-employed technicians.”

(Note: All occupational specialty areas were not pilot tested at all Development Centers;
however, all partner colleges conducted one or more pilot programs.)

Included on the following pages is the curriculum listing for the pilot program which was used to
validate course syllabi for this occupational specialty area. This curriculum listing included
course names and numbers from the college which conducted the pilot program. The curriculum
also shows the number of hours assigned to each of the courses (lecture, lab and credit hours).
Also included is a description of each of the courses.
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INSTRUMENTATION OPTION

OQUARTER
MAT 191 College Algebra

ENG 191 Composition and Rhetoric I
CIS 191 Computer Programming Fundamentals
DDF 191 Engineering Graphics I

E OUARTER
MAT 193 College Trigonometry

ENG 195 Technical Communications
PHY 191 Mechanics
EET 101 DC Circuit Analysis

-
1 B

THIRD QUARTER
MAT 195 Differential Calculus

PHY 192 Electricity and Magnetism
EET 102 AC Circuit Analysis I
EET 105 Electronic Devices

F TH TER

PHY 291 Fluids, Heat, Sound and Light
EET 103 AC Circuit Analysis II

EET 201 Digital Fundamentals

EMT 201 Electromechanical Devices

FIFTH QUARTER
EMT 202 Control Systems

EET 203 Microcomputer Fundamentals
EMT 203 Programmable Controllers
EMT 253 Motor Controls

SIXTH QUARTER

EMT 254 Introduction to Process Control (Technical Elective)
EMT 250 Control Systems II (Technical Elective)

EMT 251 Distributed Control Systems (Technical Elective)
PSY 191 Introductory Psychology (Social Science Elective)

Program Totals
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CIS 191

DDF 191

PHY 191

EET 101

PHY 192

EET 102

ELECTROMECHANICAL ENGINEERING TECHNOLOGY
INSTRUMENTATION OPTION
COURSE DESCRIPTIONS

Computer Programming Fundamentals (3-6-5) Emphasizes fundamental

concepts of problem solving using computers. Students explore flow charting,
control structures, subroutines, arrays, strings manipulation, matrices, and files. A
high level source language is used. The laboratory portion of the course is
designed to acquaint students with computer facilities and software utilities.
Topics include: system fundamentals, concepts of structured programming, arrays,
functions and subroutines, data files, engineering applications, graphics, matrices,
and program editing. Laboratory work parallels class work.

Engineering Graphics I (1-6-3) Introduces engineering drawing. Topics
include: sketching, drafting fundamentals such as use of instruments, linework,
lettering, layout, and geometric construction; orthographic projection; pictorial
drawing; schematic drawing; descriptive geometry; computer graphics concepts;
and engineering drawing conventions. Laboratory work parallels class work.

Mechanics (4-3-5) Introduces the classical theories of mechanics. Topics
include: measurements and systems of units; Newton’s laws; work, energy, and
power; impulse and momentum,; linear motion and two-dimensional motion;
equilibrium; and elasticity. Laboratory exercises supplement class work.
Computer use is an integral part of class and laboratory assignments.
Prerequisites: MAT 191, College Algebra, and CIS 191, Computer Programming
Fundamentals

DC Circuit Analysis (4-3-5) Emphasizes the knowledge and ability to analyze

basic DC circuits, Topics include: units, basic electrical laws, series and parallel
circuits, capacitance, an introduction to network analysis and network theorems
concepts, and DC instruments. Laboratory work parallels class work.
Prerequisites: CIS 191, Computer Programming Fundamentals, and MAT 191,
College Algebra

Electricity and Magnetism (4-3-5) Introduces theories of electricity and

magnetism. Topics include: electrostatic forces and fields, magnetism, circuit
elements and theory, electromagnetic waves, and modern physics. Laboratory
exercises supplement class work. Computer use is an integral part of class and
laboratory assignments. Prerequisites: MAT 193, College Trigonometry, and
PHY 191, Mechanics.

AC Circuit Analysis I (4-3-5) Emphasizes the knowledge and ability to analyze
basic AC circuits. Topics include: magnetism, inductance/capacitance, alternating
current, AC network theorems, admittance, impedance, phasors, complex power,
and applications and use of appropriate instruments. Laboratory work parallels
class work. Prerequisites: EET 101, DC Circuit Analysis, and MAT 193, College
Trigonometry)

27



EET 105

PHY 291

EET 103

EET 201

EMT 201

EMT 202

EET 203

Electronic Devices (4-3-5) Introduces the conduction process in semi-conductor
materials. Topics include: semi-conductor physics; diodes; biasing, stability, and
graphical analysis of bipolar junction transistors and field effect transistors;
introduction to silicon controlled rectifiers; device curve characteristics; and
related devices with selected applications. Laboratory work parallels class work.
Prerequisites: EET 101, DC Circuit Analysis, ENG 191, Composition and
Rhetoric, and MAT 193, College Trigonometry.

Fluids, Heat, Sound, and Light (4-3-5) Introduces classical theories of fluids,

heat, sound, and light. Topics include: statics and dynamics of fluids, gas laws,
heat transfer, thermodynamics, simple harmonic motion, wave motion, sound, and
properties of light. Laboratory exercises supplement class work. Computer use is
an integral part of class and laboratory assignments. Prerequisites: MAT 193,
College Trigonometry, and PHY 191, Mechanics.

AC Circuit Analysis I (4-3-5) Continues the study of AC circuit analysis with
emphasis on transient analysis and network theorems. Topics include: analysis of

complex networks, resonance, transformers, multiple sources, three-phase systems
an introduction to filters and bode plots, and non-sinusoidal waveforms.
Laboratory work parallels class work. Prerequisites: EET 102, AC Circuit
Analysis, and MAT 195, Differential Calculus.

b

Digital Fundamentals (4-3-5) Introduces digital electronics. Topics include:
fundamentals of digital techniques; integrated logic circuits involving number
systems, logic symbols and gates, Boolean algebra, and optimization techniques;
flip-flops and registers; combinational and sequential logic circuits; and memory
circuits. Laboratory work parallels class work. Prerequisite: EET 102, AC
Circuit Analysis I.

Electromechanical Devices (4-3-5) Introduces electromechanical devices which
are essential control elements in electrical systems. Topics include: fundamentals
of electromechanical devices, control elements in electrical circuits, typical devices
such as generators and alternators, DC and AC motors and power factors, and
efficiencies in DC, single-phase and three-phase dynamos are stressed. Laboratory
work parallels class work. Prerequisite: EET 102, AC Circuit Analysis I.

Control Systems (4-3-5) Introduces control systems components and theory as
they relate to controlling industrial processes. Mechanical, fluids, temperatures,
and miscellaneous sensors are studied with emphasis on measuring techniques.
Topics include: open- and closed-loop control theory, feedback, transducers,
signal conditioning, and control hardware and actuators. Laboratory work
parallels class work. Prerequisite: EET 201, Digital Fundamentals.

Microcomputer Fundamentals (4-3-5) Continues the study of digital
electronics. Topics include: computer arithmetic, analog to digital and digital to
analog conversion, microcomputer architecture, and machine level and assembly
level language programming. Laboratory work parallels class work. Prerequisites:
EET 105, Electronic Devices, and EET 201, Digital Fundamentals.

28
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EMT 203

EMT 250

EMT 251

EMT 253

EMT 254

Programmable Controllers (3-3-4) Emphasizes an in-depth study of the
programmable controller with programming applications involving controlling
industrial processes. Topics include: input and output modules, logic units,
memory units, power supplies, ladder diagrams, relay logic timers and counters,
control strategy, programming and troubleshooting. Networking is introduced and
communications protocol is investigated. Lab work parallels class work.
Prerequisites: EET 201, Digital Fundamentals; Corequisite: EMT 201,
Electromechanical Devices.

Control Systems IT (4-3-5) Emphasizes skills in the area of electronic
instrumentation and stresses the use of electronic techniques to control industrial
processes. Topics include: control systems, control system design, control system
construction, and control system test report of failure analysis. Prerequisite: EMT
202, Control Systems.

Distributed Control Systems (3-3-4) Continues the study of the various

applications of distributed control. This course in intended primarily as a survey
source of distributed control verses an in-depth study of any single distributed
control system. Topics include: historical perspective and systems, basic system
wide orientation, sub systems overview, and report generation. Prerequisite:
EMT 202, Control Systems.

Motor Controls (4-3-5) Emphasizes the principles of motor controls from
fractional horsepower to large magnetic starters, including starting polyphase
induction, synchronous, wound rotor, and direct current motors. Topics include:
control pilot devices, control circuits and AC reduces voltage starters, three-phase
induction wound rotor and synchronous motor controls, DC motors, and solid
state motor controls. Prerequisite: EMT 201, Electromechanical Devices.

Introduction to Process Control (2-6-4) Emphasizes the knowledge and skills

required to draw and interpret standard ISA drawings. Topics include:
instrumentation symbols, loop identification, open-loop control, closed-loop
control, single-loop control and multi-loop control. Prerequisite: DDF 191,
Engineering Graphics I, Corequisite: PHY 291, Fluids, Heat, Sound, and Light.
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MAT 191

ENG 191

MAT 193

ENG 195

MAT 195

PSY 191

ELECTROMECHANICAL ENGINEERING TECHNOLOGY

INSTRUMENTATION OPTION
SUPPORT COURSES
College Algebra (3-0-5) Emphasizes techniques of problem solving using

algebraic concepts. Topics include: algebraic concepts and operations, linear and
quadratic equations and functions, simultaneous equations, inequalities, exponents
and powers, graphing techniques, and analytic geometry. Prerequisite: Placement
by diagnostic testing.

Composition and Rhetoric I (5-0-5) Explores the analysis of literature and

articles about issues in the humanities and in society. Students practice various
modes of writing, ranging from exposition to argumentation and persuasion. The
course includes a review of standard grammatical and stylistic usage in
proofreading and editing. An introduction to library resources lays the foundation
for research. Topics include writing analysis and practice, revision, and research.

College Trigonometry) (5-0-5) Emphasizes techniques of problem solving using
trigonometric concepts. Topics include: trigonometric functions, properties of

trigonometric functions, vectors and triangles, inverse of trigonometric
functions/graphic, logarithmic and exponential functions, and complex numbers.
Prerequisite: MAT 191, College Algebra

Technical Communications (5-0-5) Emphasizes practical knowledge of
technical communications techniques, procedures, and reporting formats used in
industry and business. Topics include: research, device and process description,
formal technical report writing, business correspondence, and oral technical report
presentation. Prerequisite: ENG 191, Composition and Rhetoric, with “C” or
better.

Differential Calculus (5-0-5) Emphasizes the use of differential calculus.
Applications of techniques include extreme value problems, motion, graphing, and
other topics as time allows. Topics include: derivatives and applications,
differentiation of transcendential functions, and an introduction to integration and
applications. Prerequisite: MAT 193, College Trigonometry

Introductory Psychology (5-0-5) Emphasizes the basics of psychology. topics
include: science of psychology; social environments; life stages; physiology and

behavior; personality; emotions and motives; conflicts, stress and anxiety;
abnormal behavior; and perception, learning, and intelligence.
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THE MAST TECHNICAL WORKPLACE
COMPETENCY/COURSE CROSSWALK

Upon development of appropriate curricula for the pilot programs, each MAST college began to
develop individual course outlines for its assigned specialty area. The skill standards identified in
the Competency Profile were cross walked against the technical competencies of the courses in
the pilot curriculum. The resulting matrix provided a valuable tool for assessing whether current
course content was sufficient or needed to be modified to ensure mastery of entry level technical
competencies. Exit proficiency levels for each of the technical competencies were further
validated through industry wide surveys both in Texas and across the nation.

The Technical Workplace Competency/Course Crosswalk in the following pages presents the
match between industry-identified duties and tasks and the pilot curriculum for . Course

titles are shown in columns, duties and tasks in rows. The Exit Level Proficiency Scale, an
ascending scale with 5 the highest level of proficiency, includes marked boxes indicating whether
the task is covered by the instructor during the course; the numbers 1-5 indicate the degree of
attention given to the task and the corresponding proficiency expected on the part of the student.
The crosswalk is intended to serve as an aide to other instructional designers and faculty in
community college programs across the nation.

Included on the following pages is the Technical Workplace Competency/Course Crosswalk for
the pilot program curriculum. This crosswalk validates the fact that the duties and tasks which
were identified by industry as being necessary for entry level employees have been incorporated
into the development of the course syllabi.
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A. PRACTICE SAFETY
A-1 Follow Safety Manuals and All Safety Regulations/Requirements x b b D x b e x  x b x xdx I x I x I x X 4
A2 Use Protective Equipment XAXIX XX IX XXX XX XX XX [X 4
A-3 Follow Safe Operating Procedures for Hand and Power Tools XIXIXUXIXEX X I Il xIx IxIx|xix!x 4
A-4 Maintain a Clean and Safe Work Environment XIXIXUXIXIxIxIxixixbolxixIxixix 4
B. MAINTAIN CONTROL SYSTEMS
B-1 Proper‘Stotage of Circuit Boards X X xIxlx xix[x XIXIxIxix 2
B-2 Collect and Record Data According to Company Requirements X XX XIxIx|Ix|{x|x XIXIXIXIX 4
B-3 Testand Calibrate Transducers According to Specs X x[Ixlx XXX XIXiXIX|X 4
B-4 Perform Preventive Maintenance Procedures for Control Devices XX XIxixIx[x|x XIXIXIxix 4
B-5 Testand/or Replace Printed Circuit Boards X XX XIXiX XIXIX|XIX 4
B-6 Function Check Individual Elements Within Loop X XIXIXIxIxlix X[IXIXIX (X 4
B-7 Troubleshoot Different Types of System Modules X XIXIXIXIXIX] IXIXiX(IXIX 4
B-8 Test Different Types of Systems Modules XIXIXIXIXIXIX]X XIXIXIXI[X 4
B-9 Configure Software X XXX X{X[X[X[XIX | X[X[X{X][X 2
B-10 Repair Different Types of System Modules X X XX XIXiIXIXix 4
B-11 Install Control System Hardware X X XX XX XIXIX|IX]|X 4
B-12 Simulate Control System Check XXX XX XX XIXIXIXiX 4
B-13 Loop-Check Control System X X X XX XIX|X(1X|{X 4
B-14 Perform On-Line Testing X XXX XX X[ X XIX[XIX]|X 4
B-15 Troubleshoot and Maintain PLCs and Motor Control Systems X X X1X XiX[{X[X|X 4
C. MAINTAIN FIELD INSTRUMENTATION DEVICES
C-1 Testand Calibrate Pressure, Level, Flow, Temperature Switches X X X[ X XIX[X|X|X 4
C-2 Troubleshoot and Repair Pressure, Level, Flow, Temperature Switches X X XX XIX|X|{X|X 4
C-3 Adjust Dampers and Positioners X XX XXX XX 4
C-4 Troubleshoot and Adjust Control Drive (Damper) X XX X|IX{X|X|X 4
C-5 Test and Calibrate Indicators and Gauges X X X| X X|X|X]|X]|X 4
C-6 Troubleshoot and Repair Indicators X X X|X XIX{X|X|[X 4
C-7 Testand Calibrate Transmitters X X XX XX {X{X]|X 4
Q  >-8 Test and Calibrate Recorders X X[{X XX |X|[X[X 4
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Computer Prog. Fundamentais

Engineering Graphics |

Mechanics

DC Circuit Analysis

Electricity and Magnetism
AC Circuit Analysis |

Electronic Devices

Fluids, Heat, Sound and Light

AC Circuit Analysis Il
Digital Fundamentals

Electromechanical Devices

Microcomputer Fundamentals

Programmable Controllers

Introduction to Process Control

C-9 Troubleshoot and Repair Recorders

& | EXIT PROFICIENCY LEVEL

c-10

Troubleshoot Linear Variable Differential Transformers

c-n

Troubleshoot, Repair and Calibrate Transmitters

C-12

Test Different Field Sensing Elements

C-13

Instal/Replace Field Sensing Elements

o

C-14

Troubleshoot and Repair Transmitters

A,

C-15

Tune Controllers: Pneumatic and Electronic

C-16

C17

Troubleshoot and Repair Plant Computing Systems Relating to Pro-
cess Controls

Troubleshoot and Repair Solenoid Valves

& | e |

C-18

Perform Preventive Maintenance Procedures to Field Devices

— -

c-19

Test and Repair Thermocouples

C-20

Check and Test Vibration Sensing Elements

c-21

Inspect and Troubleshoot Power Supplies and Converters

A=

C-22

Test and Calibrate Control Valve Actuators

c-23

Troubleshoot and Repair Control Valves/Positioners

M [ X | > [ > [ > | > | > > | > | > | X | X [ |»> [X

M [ > | > [ > | > | > | > | > | > | > | > | > |[> |[»> [

C-24

Test and Calibrate Controllers

C-25

Troubleshoot and Repair Local Controliers

LT P U P I O B T I

C-26

Troubleshoot and Repair Electronic Computing Relays

C-27

Troubleshoot and Repair Analyzers

C-28

Test and Calibrate Air Analyzers

C-29

Test and Calibrate Water Analysis

C-30

Troubleshoot Servo Valves

C-31

Calibrate Servo Valves

& (ol e ||

C-32

Test and Clean Video Display Unit

»N

C-33

Check and Adjust Video Display Unit

<«

C-34 Specify and Configure Smart Field Devices, i.e., Transmitters and Valves

C-35

Operate Control Systems Including Single Element, Cascade, Ratio,
and Feedforward

C-36

Test and Calibrate Gas Analyzers

2 | X[ X | X [ X | XX | X | X | X | X | X | X |3 |3 |3 |3 | | |3 | | |X |X | [ [ | |

M | > | > | > | > | > | > | > | > | > | > | > [> [ > [> | > |> |> [> [> |>|> [> |> [> [> [> |[> [Control Systems

M | X | X | X | X | | > | X | X | X | M| X | X | | | | X | | || | | [ [ [ [

> > X | X | > | > | X > | X | > | X 2 [ X | X | X | X [ > | | X X | X | X | > | > | X > |[> [> |Motor Controls

M [ X | X | X | X | X | X | X | X | > | XX | X

X | > [ > | > | > [ > | > [ > | > | > | > | > | > [ > | > | > |> |> |> |> |>|> |> |> > |> |> |> [Control Systems !l
> > > > > > > > > > > > > > > > > > > > > > > > > > > > Distributed Control Systems

E

D. ORGANIZE WORK ROUTINES

O b1 Organize Documents and Drawings Required on the Job
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Computer Prog. Fundamentals

Engineering Graphics |

Electricity and Magnetism
AC Circuit Analysis |
Electromechanical Devices
EXIT PROFICIENCY LEVEL

Electronic Devices
Fluids, Heat, Sound and Light

AC Circuit Analysis Il

Digital Fundamentals
Introduction to Process Control

Microcomputer Fundamentals
Programmable Controllers
Distributed Control Systems

DC Circuit Analysis
Motor Controls

Mechanics

D-2 Determine Proper Tools/EquipmentMaterials to Perform the Job

>

’ -\.

' D-3 Coordinate Work Activities With Other Crafts/Units

> |
o e

D-4 Coordinate Preventive Maintenance Schedule with Planning Group

D-5 Verify Equipment Isolation Prior to Performance of Work for Safety Rea-
sons

D-6 Report Abnormal Equipment Problems to Supervisor

D-7 Write New Calibration Procedures if Needed

D-8 Follow Specifications

D-9 Perform Basic Algebraic Operations

D-10 Perform Basic Trigonometric Functions

W [ |

D-11 Perform Basic Calculus Operations

> [ > [> [> [> [> [> [> |»> |» [Control Systems
M [ > > | > [> [> |> |> |> |> [Control Systems Il

M XX XX [ X X > |[X [X |X |[X
M X X [ X > | X [>X [> [> |X
M | XX X X X | > [>X [>X |>X |X

E. COLLECT AND FILE DATA

E-1 Record Test/Calibration Data

E-2 Record Preventative Maintenance Data

E-3 Record Equipment Disconnect Data

E-4 Evaluate Collected Data

E-5 Review and Revise Procedures if Needed

E-6 Wirite Reports Required by Company

E-7 Specify Equipment for Control Systems

X | XX | > [ > | > | > | X

E-8 Prepare and Update Specification Forms

X X I X [ | X | > | | X

E-9 Write Work Orders

M [ | XX | X XX | X [ > | > |[X

E-10 Prepare and Update Ladder and/or Logic Diagrams

E-11 Program PLCs

M [ X | X > | X | X |[>X | > [> | > |

F. PARTICIPATE IN CONTINUING EDUCATION ACTIVITIES

om Wy

F-1_Read/nterpret Diagrams and Drawings

4y

F-2 Sketch Diagrams

F-3 Study Technical Equipment Information

F-4 Application of ISA/JIC Standards

F-5 Understand Proper Use of Test Equipment and Tools

LT B N

AN O

F-6_Learn to Write Technical Reports

Q p7 Acquire Safe Practices for Handling Hydraulic and Special Tools

X | X | X | X | X ]| X | X
M | X | X | X | X | X | X
M | X | X | X | X | X | X
X I X X | X | X | X | X
X | X | X [ X | X ]| »x | X
X | X | X [ > | X | X | X
X | X | X | X | > ] X | X
X | X | > | X | X | X | X
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Computer Prog. Fundamentals

Engineering Graphics |

Mechanics

DC Circuit Analysis

Electricity and Magnetism
AC Circuit Analysis |

Fluids, Heat, Sound and Light

Electronic Devices
AC Circuit Analysis Ii

Digital Fundamentals

Electromechanical Devices

Microcomputer Fundamentals

Programmable Controllers

Introduction to Process Control

Distributed Control Systems

F-8 Utilize Technical Manuals

N
!

F-9 Understand Personal Computers

F-10 Attend On-Going Safety Training Courses

F-11 Participate in Plant Related Training

> | > > [X

> | > > |[X

» |[> |> |> |Control Systems

> [> |> |> |Motor Controls

> (> |> |> |Conirol Systems I!

F-12 Attend PLC Training

> | > > | > |X

F-13 Attend DCS Training

X X X > |> |X

X X (X > > [X

S I I IR T Rl 5 (14 PROFICIENCY LEVEL

— - .

G. MAINTAIN AND CONTROL INVENTORY ACCORDING TO COMPANY
POLICIES AND PROCEDURES

G-1 Leam to Review and Forecast Spare Parts Inventory

G-2 Leam Parts Requests

G-3 Verify Parts Received

G-4 Research/Verify Substitute Specifications

> | > | X | X

> | > | > |X

> [ > | > | >

> X | > | X

> | > | > | >

> X | X X

> | > | > | >

> | > | > |

H. TROUBLESHOOT, INSTALL, MAINTAIN AND OPERATE MOTOR CON-
TROL SYSTEMS

H-1 Troubleshoot, Install, Maintain, and Operate Motor Systems

H-2 Troubleshoot, Install, Maintain, and Operate Relays

H-3 Troubleshoot, Install, Maintain, and Operate Pushbuttons

H-4 Troubleshoot, Install, Maintain, and Operate Switches

H-5 Troubleshoot, Install, Maintain, and Operate PLC Systems, i.e., PLC and
DCS Networks

> | > | > | > | X

X X | X | X | X
> | > | > | > | X

> | > | > | X | X

X | > | X | > | X
> | X | > | > | X
> | > | > | X | X
> | > | > | > | X
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INSTRUMENTATION AND CONTROL TECHNICIAN

TECHNICAL WORKPLACE COMPETENCIES

EXIT LEVEL PROFICIENCY MATRIX

Instrumentation and Control Technician:
will be able to troubleshoot, repair, calibrate, specify and commission as required all
instrumentation and control components relating to overall plant operations. This is to
include dynamic evaluation, testing, controller tuning, and total system performance
evaluations.

The following matrix identifies the five exit levels of technical workplace competencies for the
Instrumentation and Control Technician Certificate at Augusta Technical Institute in Augusta,

Georgia.
EXIT LEVEL OF PROFICIENCY
2 3 4 S
Technical
Workplace | rarely routinely routinely routinely initiates/
Competency with with limited | without improves/
supervision supervision supervision modifies and
supervises
others
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THE MAST SCANS/COURSE CROSSWALK

The Secretary’s Commission on Achieving Necessary Skills (SCANS), U. S. Department of
Labor, has identified in its “AMERICA 2000 REPORT’ the following five competencies and a
three-part foundation of skills and personal qualities that are needed for solid job performance:

COMPETENCIES:
Resources: Identifies, organizes, plans, and allocates resources
Interpersonal: Works with others
Information: Acquires and uses information
Systems: Understands complex inter-relationships
Technology: Works with a variety of technologies
FOUNDATION SKILLS:
Basic Skills: Reads, writes, performs arithmetic and mathematical operations,
listens and speaks
inki ills: Thinks creatively, makes decisions, solves problems, visualizes,

knows how to learn and reasons
Personal Qualities:  Displays responsibility, self-esteem, sociability, self-management,
and integrity and honesty

Recognizing the value of SCANS proficiencies to job performance, as well as the growing
mandate in many states to include SCANS activities in course curricula, MAST asked survey
respondents to review the SCANS skill sets in the context of the draft skill standards for each
occupational specialty area. MAST also incorporated evaluation of SCANS competencies and
foundation skills into its assessment of the pilot training curricula. The results were summarized
in a crosswalk that allowed MAST staff to modify course content where needed to strengthen
achievement of SCANS competencies.

The following pages present the SCANS/Course Crosswalk for the pilot curriculum in

Courses are listed along the top and SCANS competencies and foundations are shown along the
left side of the matrix. An exit level proficiency matrix for SCANS competencies and foundation
skills is provided as well.

As “soft” skills, the SCANS competencies are inherently difficult to quantify. MAST realizes
that some faculty will emphasize the SCANS more or less than others. The SCANS/Course
Crosswalk matrix has been included with this course documentation to show the importance of
these “soft skills” and the importance of their being addressed in the classroom (particularly in
technical classes). In time, faculty will learn to make these types of SCANS activities an integral
and important part of the teaching process.

Included on the following pages is the SCANS/Course Crosswalk for the pilot program
curriculum. This crosswalk validates the fact that the “soft skills” (SCANS) which were
identified by industry as being necessary for entry level employees have been incorporated into the-
development of the course syllabi. Also included is a matrix which defines the exit level of
proficiency scale (1-5).
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(RS) RESOURCES:
A. Allocates time X{ X[ X[ X[ X| X} X| X| X| XIX| X[X]|X]X]|X|X]|X 4
B. Allocates money X X X 2
C. Allocates material and facility resources XXX X] X)X X| X[ X[ X]X] X[X]X]X]|X]|X]|X 3
D. Allocates human resources X X| XX 2
(IN) INTERPERSONAL SKILLS:
A. Participates as a member of a team x| x| x| x| x| x| x| x| x| x| x| x|x X| X[ X]X[X 4
B. Teaches others X[ X[ X| X[ X] X] X] X]| X| X] X[ X[ X|X]|X|X[|X]|X 3
C. Serves clients/customers X X X X 2
D. Exercises leadership X X 1
E. Works with cultural diversity X[ X}X|X| X[ XXX X| X[ X] X[ X]X[X[X]X]X 4
(IF) INFORMATION SKILLS:
A. Acquires and evaluates information X X|PXEX[ X)X X[ X] X] X| X X{X|X]|X[X|X!X 4
B. Organizes and maintains information X{ X X)X X) XEX]X|X] X]X] X[X]X[X]X[X]X 3
C. Interprets and communicates information X[X[ X[ X[ X] Xt X[X[X] X X| X|X|X|X|X]|X]X 3
D. Uses computers to process information X| X X|X X} (X 2
(SY) SYSTEMS:
A. Understands systems XXy X XEX[ XX X]X] X X] X{X|X|XIX|X]|X 4
B. Monitors and corrects performance X|-X| X| X} X} X} X| X} X| X} X| X{X|X{X|XIX[X 3
C. Improves and designs systems X[ X| X} X} X} X| XPXPX|X[X|X{X|X]X|X]|X]|X 2
(TE) TECHNOLOGY:
A. Selects technology XXX‘XXXXXXXXXX XIXiXIX]|X 3
B. Applies technology to task X] X{ X[ X} X] X| X| X| X{ X| X| X[X | X| X| X] XX 4
C. Maintains and troubleshoots technology X|X]X| X)X X| X)X X[ X]X]X|X|XfX|X]|X]|X 4
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SCANS
COMPETENCIES AND FOUNDATION SKILLS
EXIT LEVEL PROFICIENCY MATRIX

The Secretary’s Commission on Achieving Necessary Skills (SCANS), U. S. ‘Department of
Labor, has identified in it’s “AMERICA 2000 REPORT"’ the following five competencies and a
three-part foundation of skills and personal qualities that are needed for solid job performance:

COMPETENCIES:
Resources:

Identifies, organizes, plans, and allocates resources

Interpersonal: Works with others

Information: Acquires and uses information

Systems: Understands complex inter-relationships

Technology: Works with a variety of technologies

FOUNDATION SKILLS:

Basic Skills: Reads, writes, performs arithmetic and mathematical operations, listens and
speaks

Thinking Skills: Thinks creatively, makes decisions, solves problems, visualizes, knows how
to learn and reasons

Personal Qualities:  Displays responsibility, self-esteem, sociability, self-management, and

integrity and honesty.

The following matrix identifies the five exit levels of proficiency that are needed for solid job
performance.

EXIT LEVEL OF PROFICIENCY
1 2 3 4 S
. SCANS
Competencies
and Foundation | rarely routinely routinely routinely initiates/
Skills with with limited | without improves/
supervision supervision supervision modifies and
supervises
others
MAST/01/012296
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THE MAST COURSE SYLLABI
“PILOT PROGRAM”

MAST has produced a very unique set of course outlines, driven and validated by industry and
encompassing the broad range of technologies covered by the MAST grant. The course outlines
also include proposed SCANS activities that will be useful to an instructor in prepanng students
to enter the workforce of the future.

Included in the following pages are final course outlines developed and refined in the process of
piloting the MAST training programs. The outlines include a brief course description; required
course materials (e.g., textbook, lab manual, and tools, if available); proposed method of
instruction; proposed lecture and lab outlines; and detailed course objectives for both Technical
Workplace Competencies and SCANS Competencies.

These outlines were completed and revised during the second year of MAST, following
completion of the pilot phase. The outlines are intended to serve as an aide to other instructional
designers and faculty in community college programs across the nation.

Included on the following pages are the Course Syllabi for each of the courses which were taught
during the pilot program.

BEST COPY AVAILABLE
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MAST PROGRAM

‘COURSE SYLLABUS
COLLEGE ALGEBRA

Lecture hours/week: 5 - Lab hours/week: 0 Credit hours: 5
COURSE DESCRIPTION:

Emphasizes techniques of problem solving using algebraic concepts. Topics include: algebraic
concepts and operations, linear and quadratic equations and functions, simultaneous equations,
inequalities, exponents and powers, graphing techniques, and analytic geometry.

PREREQUISITE/COREQUISITE: Placement by diagnostic testing

REQUIRED COURSE MATERIALS:

Textbook: Basic Technical Mathematics with Calculus, 6th Ed.
Hand Tools/Quantity Required:

Tools

Scientific Calculator 1

graph paper 1 pack
pencils '

straight edge 1

METHOD OF INSTRUCTION:

Lecture: Didactic presentations will include lecture and discussions.

Method of Evaluation: A student's grade will be based on multiple measures of performance.
The assessment will measure development of independent critical thinking skills and will include
evaluation of the student’s ability to:

1. satisfactorily perform on written, oral, and practical examinations

2 satisfactorily perform on outside assignments including writing assignments
3. contribute to class discussions

4 maintain attendance per current policy

LECTURE OUTLINE:
Lecture Topics Text Reference Page Contact Hrs.
Numbers 2 5
Fundamental Laws & Operations of
Algebra
Calculators and Approximate Numbers
Exponents
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Scientific Notation
Roots and Radicals
Addition and Subtraction of Algebraic
Expressions
Multiplication of Algebraic Expressions
Division of Algebraic Expressions
Solving Equations 35
Formulas and Literal Equations
Applied Verbal Problems
Properties of Inequalities 75
Solving Linear Inequalities
Introduction of Functions
More About Functions
Rectangular Coordinates 84
The Graph of a Function
The Graphing Calculator
Graphs of Functions by Tables of Data
Linear Equations 128
Graphs of Linear Equations Basic
Definitions
The Straight Line
The Ellipse
Solving Systems of Two Linear 135
Equations in Two Unknowns
Graphically
Solving Systems of Two Linear
Equations in Two Unknowns
Algebraically
Solving Systems of Two Linear
Equations in Two Unknowns
by Determinants
Solving Systems of Three Linear
Equations in Three Unknowns
Algebraically
Solving Systems of Three Linear
Equations in Three Unknowns
by Determinants
Graphical Solution of Inequalities with
Two Variables 462
Special Products
Factoring: Common Factor and
Difference of Squares
Factoring Trinomials 172
The Sum and Difference of Cubes
Equivalent Fractions
Multiplication and Division of Fractions
Addition and Subtraction of Fractions
Equations Involving Fractions 191



Quadratic Equations: Solution by
Factoring

Completing the Square

The Quadratic Formula

The Graph of the Quadratic Function

The Circle 547 5

The Ellipse

The Hyperbola

Review

Final Exam —_
Total Lecture Hours 50

COURSE OBJECTIVES: TECHNICAL COMPETENCIES

After the successful completion of this course the student will be able to:
A. ORGANIZE WORK ROUTINES

1. Organize Documents and Drawings Required on the Job
2. Determine Proper Tools/Equipment/Materials to Perform the Job
3. Perform Basic Algebraic Operations

COURSE OBJECTIVES: SCANS COMPETENCIES

The Secretary’s Commission on Achieving Necessary Skills (SCANS), U.S. Department of Labor,
has identified in its “"AMERICA 2000 REPORT” that all students should develop a new set of
competencies and foundation skills if they are to enjoy a productive, full and satisfying life.
These are in addition to the Technical Workplace Competencies required by industry. SCANS is

made up of five competencies and a three-part foundation of skills and personal qualities that
are needed for solid job performance.

The following activities will be performed by each student for successful completion of this
course:

L COMPETENCIES

A Resources: Identifies, organizes, plans, and allocates resources
1. follows a schedule to complete assigned tasks on time
2. determine the initial cost of materials and "value added" as result of work
3. complete a stock request form for required material .
4 provide a self-evaluation of performance based on the time and quality of
work
B. Interpersonal: Works with others .
1. complete assigned responsibilities within the shop floor serving as a
member of the team
2. provide individual assistance/direction to peers as requested
3. perform work to acceptable levels of quality as required
4. works well with all members of the class
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C Information: Acquires and uses information

1. read and interpret blueprints

2. organize and apply theories of machine tool operation

3. perform basic semi-precision and precision layout as necessary
D. Systems: Understands complex inter-relationships

1. demonstrate knowledge of the following systems:

a laboratory organization structure: physical and social

b organization of personnel and facilities on the shop floor
C. systematic approach to the mechanical process

d dimensioning and measurement systems

e. systematic organization of training materials

2. monitors and corrects performance during
a. the practical process
b. adjustments of individual laboratory work schedule
C. constantly evaluating the quality of work to achieve acceptable

standards
d. maintains record of evaluations and sets individual goals
E. Technology: Works with a variety of technologies

1. ‘chooses procedure, tools and equipment required to perform the task

2. applies appropriate procedures and uses appropriate tools and equipment
to perform the mechanical task to acceptable standards

3. maintains and troubleshoots equipment :
a. applies appropriate preventative maintenance
b when operating machines
c. reports all malfunctions of equipment to supervisor/instructor
d perform clean-up assignments of equipment and shop floor at the

end of the laboratory

I FOUNDATION SKILLS

A Basic Skills: Reads, writes, performs arithmetic and mathematical operations,
listens and speaks.
1 Reading: Locates, understands, and interprets written information in
prose and in documents such as manuals, graphs, and schedules
a. studies student laboratory manual '
b. interprets blueprints and technical drawings
c read/studies textbook
d follow a daily laboratory schedule to maintain appropriate time-line

and task completion
2. Writing: Communicates thoughts, ideas, information, and messages in
writing; and creates documents such as letters, directions, manuals,
reports, graphs, and flow charts

a. outline the steps necessary to perform a mechanical task
b. maintain a lecture notebook
C. submit written responses to chapter question assignments
d. complete all written assignments
3. Arithmetic/Mathematics: Perform basic computations and approaches

practical problems by choosing appropriately from a variety of
mathematical techniques
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a. keeps a running computation of individual grade
b. performs mathematical computations necessary to understand
course

Listening: Receives, attends to, interprets, and responds to verbal
messages and other cues

a. assimilate classroom instruction

b. interpret and assimilate video instruction

c. observe laboratory demonstrations

d. seek and receive individualized instruction in the laboratory

Speaking: Organizes ideas and communicates orally

a. participates in classroom discussions

b. organize ideas and communicate specific questions to the instructor

c. verbally affirms understanding of a concept, procedure, or required
skill

d. communicates with peers to ensure the smooth and safe operation
of the laboratory

Thinking Skills: Thinks creatively, makes decisions, solves problems, visualizes,
knows how to learn and reasons.

L

Decision Making: Specifies goals and constraints, generates alternatives,
considers risks, and evaluates and chooses best alternative

a. identifies personal goals

b. identifies actions required to accomplish personal goals

Problem Solving: Recognizes problems and devises and implements plan
of action

a. makes daily accommodations to stay on schedule

b. seeks additional instruction/clarification for assignment completion
c. balances social and academic life/responsibilities

d. accepts responsibility

Seeing Things In the Mind's Eye: Organizes, and processes symbols,
pictures, graphs, objects, and other information

a. interprets technical drawings

b. interprets technical illustrations and symbols

c. understands both written and verbal instructions

d. assimilates process during instructor demonstrations

Knowing How to Learn: Use efficient learning techniques to acquire and
apply new knowledge and skills

a. demonstrate mastery of the basic skills and techniques
b. use these sequential skills to support mastery of new skills
c. understand the sequential nature of acquired skills and the

subsequent knowledge application of new skills and techniques
Reasoning: Discovers a rule or principle underlying the relationship
between two or more objects and applies it when solving a problem

a. understands that practice may not make it perfect but it certainly
will improve the skill of the operator
b. understands that the quality of the product is a function of the time

of the operation and the attitude and skill of the machinist
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c. understands the relationship between different metals and the tool
applied to the metal surface and adjusts machining parameters
accordingly _
C Personal Qualities: Displays responsibility, self-esteem, sociability, self-
management, and integrity and honesty.
1 Responsibility: Exerts a high level of effort and perseveres towards goal

attainment

a. develops an understanding that in order to be successful you must
be a "good" student

b. develops an understanding that a "good" student is the one who is
prompt to every class and has prepared for the day's work

c. develops an understanding good students know what they are going
to do in class and does not waste time

d. develops a fine work-ethic ,

2. Self-Esteem: Believes in own self-worth and maintains a positive view of

self

a. learns to take pride in his or her work through positive
reinforcement

b. sees himself or herself as an asset to the class through continued

contributions to the group and a shared common goal

understands that an individual with a positive attitude and the belief
in their own abilities will systematically seek solutions and be a
valuable employee

3. Sociability: Demonstrates understanding, friendliness, adaptability,
empathy, and politeness in group settings
a. assist classmates in improving technical skills
b. assist students with special needs as a peer mentor
C. share laboratory resources (machines, tools and instructor's
individual attention)
4. Self-Management: Assesses self accurately, sets personal goals,
monitors progress, and exhibits self-control
a. maintain a record of academic achievement (individual grade book)
b. make accommodations to laboratory schedules due to broken
equipment/tools :
C. accept the responsibility for self-management
5. Integrity/Honesty: Chooses ethical courses of action
a. accept the responsibility for own actions
b. exhibit personal honesty at all times
C. accept the challenge of doing your own work in the laboratory,
during examination, and on outside assignments
d. understand the consequences of unethical behaviors

MAT 191
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MAST PROGRAM
COURSE SYLLABUS
COMPOSITION AND RHETORIC I

Lecture hours/week: 5 Lab hours/week: 0 Credit hours: 5

COURSE DESCRIPTION:

Emphasizes the development and improvement of written and oral communications abilities.
Topics include: idea development; vocabulary; spelling; out-lining; sentence elements; revision;
unity and coherence in basic paragraph development; re-search; exploration of communication
modes including description, exposition, argumentation, and persuasion; and functional writing as
applied to reports, abstracts, and technical papers.

PREREQUISITE: NONE

REQUIRED COURSE MATERIALS:

Textbook: From Idea to Essay

COURSE OBJECTIVES:

Students who have successfully completed this course will be able to:

1. Demonstrate through use a knowledge of grammatical structure, as well as punctuation
and other mechanics.

Demonstrate the ability to write clear, coherent, well-organized paragraphs.

Recognize correct spelling in one’s own or other’s writing.

Present oral summaries outside reading.

Write descriptions drawing details fromr observation.

Write clear, coherent, well-organized explanations.

Demonstrate through writing the ability to successfully employ the various methods of
development (including comparison and contrast, cause division, illustration, definition,
classification, and division, argumentation, process). And to choose the appropriate form.
Articulate clean oral response to reading.

: Identify the major steps in conducting research.

10.  Locate and use appropriate reference materials for written and oral reports.

Nowhwb
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METHOD OF INSTRUCTION:

Lecture: Didactic presentations will include lecture and demonstrations.

Method of Evaluation: A student's grade will be based on multiple measures of performance.

The assessment will measure development of independent critical thinking skills and will include
evaluation of the student’s ability to:

1. satisfactorily perform on written, oral, and practical examinations
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2. satisfactorily perform on outside assignments including writing assignments
3. contribute to class discussions
4. maintain attendance per current policy
LECTURE OUTLINE:
Lecture Topics Text Reference Page Contact Hrs.

Fundamentals of Grammar and
Composition

Sentence elements

Review of basic parts of speech

Complete sentence paragraph,
placement of modifiers,
phrases, and clauses

Paragraph construction

Topic sentence

Development

Unity and coherence

Transitional devices

Spelling

Fundamentals of Oral
Communications

Presentation

Mode of Written and Oral
Communications

Description

Exposition

Argumentation and persuasion

Oral communication

Research

Steps

References

Total Lecture Hours 50

COURSE OBJECTIVES: SCANS COMPETENCIES

The Secretary’s Commission on Achieving Necessary Skills (SCANS), U.S. Department of Labor,
has identified in its “AMERICA 2000 REPORT” that all students should develop a new set of

competencies and foundation skills if they are to enjoy a productive, full and satisfying life.

These are in addition to the Technical Workplace Competencies required by industry. SCANS is
made up of five competencies and a three-part foundation of skills and personal qualities that

are needed for solid job performance.

The following activities will be performed by each student for successful completion of this
course:
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L COMPETENCIES

A. Resources: Identifies, organizes, plans, and allocates resources
1. follows a schedule to complete assigned tasks on time
2 determine the initial cost of materials and "value added" as result of work
3. complete a stock request form for required material
4 provide a self-evaluation of performance based on the time and quality of
work
B. Interpersonal: Works with others
1. complete assigned responsibilities within the shop floor serving as a
member of the team
2. provide individual a551stance/d1rectlon to peers as requested
3. perform work to acceptable levels of quality as required
4. works well with all members of the class
C Information: Acquires and uses information
1. read and interpret blueprints
2. organize and apply theories of machine tool operation
3. perform basic semi-precision and precision layout as necessary
D. Systems: Understands complex inter-relationships
1. demonstrate knowledge of the following systems:
a. laboratory organization structure: physical and social
b. organization of personnel and facilities on the shop floor
C. systematic approach to the mechanical process
d. dimensioning and measurement systems
e. systematic organization of training materials
2. monitors and corrects performance during
a. the practical process
b. adjustments of individual laboratory work schedule
c. constantly evaluating the quality of work to achieve acceptable
standards
d. maintains record of evaluations and sets individual goals
E. Technology: Works with a variety of technologies
1. chooses procedure, tools and equipment required to perform the task
2. applies appropriate procedures and uses appropriate tools and equipment
to perform the mechanical task to acceptable standards
3. maintains and troubleshoots equipment
a. applies appropriate preventative maintenance
b when operating machines
c. reports all malfunctions of equipment to supervisor/instructor
d perform clean-up assignments of equipment and shop floor at the

end of the laboratory

IL. FOUNDATION SKILLS

A Basic Skills: Reads, writes, performs arithmetic and mathematical operations,
listens and speaks.
L Reading: Locates, understands, and interprets written information in
prose and in documents such as manuals, graphs, and schedules
a. studies student laboratory manual
b. interprets blueprints and technical drawings
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C. read/studies textbook
d. follow a daily laboratory schedule to maintain appropriate time-line
and task completion
2. Writing: Communicates thoughts, ideas, information, and messages in

writing; and creates documents such as letters, directions, manuals,
reports, graphs, and flow charts

a. outline the steps necessary to perform a mechanical task
b. maintain a lecture notebook _ :
c. submit written responses to chapter question assignments
d. complete all written assignments
3. Arithmetic/Mathematics: Perform basic computations and approaches

practical problems by choosing appropriately from a variety of
mathematical techniques

a. keeps a running computation of individual grade
b. performs mathematical computations necessary to understand
course
4. Listening: Receives, attends to, interprets, and responds to verbal
messages and other cues
a. assimilate classroom instruction
b. interpret and assimilate video instruction
c. observe laboratory demonstrations
d. seek and receive individualized instruction in the laboratory
5. Speaking: Organizes ideas and communicates orally
a. participates in classroom discussions
b. organize ideas and communicate specific questions to the instructor
C. verbally affirms understanding of a concept, procedure, or required
skill
d. communicates with peers to ensure the smooth and safe operation
of the laboratory
B. Thinking Skills: Thinks creatively, makes decisions, solves problems, visualizes,
knows how to learn and reasons.
L Decision Making: Specifies goals and constraints, generates alternatives,
considers risks, and evaluates and chooses best alternative
a. identifies personal goals
b. identifies actions required to accomplish personal goals
2. Problem Solving: Recognizes problems and devises and implements plan
of action
a. makes daily accommodations to stay on schedule
b. seeks additional instruction/clarification for assignment completion
C. balances social and academic life/responsibilities
d. accepts responsibility

3. Seeing Things In the Mind's Eye: Organizes, and processes symbols,
pictures, graphs, objects, and other information

a. interprets technical drawings

b interprets technical illustrations and symbols

c. understands both written and verbal instructions

d assimilates process during instructor demonstrations
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Knowing How to Learn: Use efficient learning techniques to acquire and
apply new knowledge and skills

a. demonstrate mastery of the basic skills and techniques
b. use these sequential skills to support mastery of new skills
c. understand the sequential nature of acquired skills and the

subsequent knowledge application of new skills and techniques

Reasoning: Discovers a rule or principle underlying the relationship

between two or more objects and applies it when solving a problem

a. understands that practice may not make it perfect but it certainly
will improve the skill of the operator

b. understands that the quality of the product is a function of the time
of the operation and the attitude and skill of the machinist

c. understands the relationship between different metals and the tool
applied to the metal surface and adjusts machining parameters
accordingly

C Personal Qualities: Displays responsibility, self-esteem, sociability, self-
management, and integrity and honesty.

L

Responsibility: Exerts a high level of effort and perseveres towards goal
attainment

a. develops an understanding that in order to be successful you must
be a "good" student

b. develops an understanding that a "good" student is the one who is
prompt to every class and has prepared for the day's work

c. develops an understanding good students know what they are going
to do in class and does not waste time

d. develops a fine work-ethic

Self-Esteem: Believes in own self-worth and maintains a positive view of

self

a. learns to take pride in his or her work through positive
reinforcement

b. sees himself or herself as an asset to the class through continued
contributions to the group and a shared common goal

C. understands that an individual with a positive attitude and the belief

in their own abilities will systematically seek solutions and be a
valuable employee
Sociability: Demonstrates understanding, friendliness, adaptability,
empathy, and politeness in group settings

a. assist classmates in improving technical skills
b. assist students with special needs as a peer mentor
C. share laboratory resources (machines, tools and instructor's

individual attention)
Self-Management: Assesses self accurately, sets personal goals,
monitors progress, and exhibits self-control

a. maintain a record of academic achievement (individual grade book)

C. make accommodations to laboratory schedules due to broken
equipment/tools

d. accept the responsibility for self-management

Integrity/Honesty: Chooses ethical courses of action
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a. accept the responsibility for own actions

b. exhibit personal honesty at all times

C. accept the challenge of doing your own work in the laboratory,
during examination, and on outside assignments

d. understand the consequences of unethical behaviors

Appropriate Reference Materials:

1.

2.

ENG 191
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riting and Reading, Costy, A., & Tighe, D. J. (Latest Edition), Englewood
Cliffs, NJ: Prentice-Hall

Harbrace College Handbook, Hodges, R. S., & Whitten, M. E. (1982), New York:

Harcourt Brace Jovanovich

Patterns for College Writing, Kirsner, L. G. & Mandel, S. R. (1986) (3rd Ed.), New York:
St. Martin’s Press

Readings for Writers, McCuen, J. R., & Winkler, A. C. (1986), New York: Harcourt
Brace Jovanovich

Rhetoric Made Plain, Winkler, A. C., & McCuen, J. R. (1984), New York: Harcourt
Brace Jovanovich.
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MAST PROGRAM
COURSE SYLLABUS
COMPUTER PROGRAMMING FUNDAMENTALS

§

Lecture hours/week: 3 Lab hours/week: 6 Credit hours: 5

COURSE DESCRIPTION:

Emphasizes fundamentals concepts of problems solving using computers. Students explore flow
charting control structures, subroutines, arrays, strings manipulation, matrices, and files. A high
level source language is used. The laboratory portion of the course is designed to acquaint
students with computer facilities and software utilities. Topics include: DOS instructions , word
processing (WordPerfect), spreadsheet applications (Lotus), systems fundamentals, concepts of
structured programming, functions and subroutines, engineering applications, graphics, and
program editing. Laboratory work parallels class work.

PREREQUISITE: NONE

REQUIRED COURSE MATERIALS:

Textbook: Computer Currents by George Beekman

Supplies:
Flowchart template
Coding forms
In addition it is the responsibility of each student to bring his/her own coding papers,
pencil, pen and notebook to class each day.

METHOD OF INSTRUCTION:

Lecture: Didactic presentations will include lecture and demonstrations.
Laboratory: Laboratory will be a "hands-on" process.

Method of Evaluation: A student's grade will be based on multiple measures of performance.
The assessment will measure development of independent critical thinking skills and will include
evaluation of the student’s ability to:

L. perform the manipulative skills of the craft as required to satisfactorily complete
laboratory assignments

apply theory to laboratory assignments

satisfactorily perform on written, oral, and practical examinations

satisfactorily perform on outside assignments including writing assignments

contribute to class discussions

maintain attendance per current policy
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7. follow all shop rules and safety regulations as stated in the laboratory manual

LECTURE OUTLINE:

Lecture Topics Text Reference Page Contact Hrs.

DOS Overview

QBASIC Overview

QBASIC Environment

Test 1

Structured QBASIC Programs
Structured Programs (continued)
Test 2

Midterm

Arithmetic Expressions and Output
Interactive Processes and Decisions
Working with Words

Calculation, Visualization, Simulation
Final Exam

Total Lecture Hours 30

LAB OUTLINE:

Lab Topic ‘Contact Hrs.

DOS Overview

QBASIC Overview

QBASIC Environment

Structured QBASIC Programs

Arithmetic Expressions and Output

Interactive Processes and Decisions

Working with Words

Calculation, Visualization, Simulation
Total Lab Hours 60

COURSE OBJECTIVES: TECHNICAL COMPETENCIES

After the successful completion of this course the student will be able to:
A. PRACTICE SAFETY -
1. Follow Safety Manuals and All Safety Regulations/Requirements

a. Assume responsibility for the personal safety of oneself and others
b. Develop a personal attitude towards safety
C. Interpret safety manual directives
d. Comply with established company safety practices
B. MAINTAIN CONTROL SYSTEMS
1. Proper Storage of Circuit Boards

2. Configure Software
3. Perform On-Line Testing
C. ORGANIZE WORK ROUTINES

~
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1. Organize Documents and Drawings Required on the Job
2. Follow Specifications

D. PARTICIPATE IN CONTINUING EDUCATION ACTIVITIES
1. Understand Personal Computers

COURSE OBJECTIVES: SCANS COMPETENCIES

The Secretary’s Commission on Achieving Necessary Skills (SCANS), U.S. Department of Labor,
has identified in its “AMERICA 2000 REPORT” that all students should develop a new set of
competencies and foundation skills if they are to enjoy a productive, full and satisfying life.
These are in addition to the Technical Workplace Competencies required by industry. SCANS is

made up of five competencies and a three-part foundation of skills and personal qualities that
are needed for solid job performance.

The following activities will be performed by each student for successful completion of this
course:

L COMPETENCIES

A. Resources: Identifies, organizes, plans, and allocates resources
1. follows a schedule to complete assigned tasks on time
2 determine the initial cost of materials and "value added" as result of work
3. complete a stock request form for required material
4 provide a self-evaluation of performance based on the time and quality of
work
B. Interpersonal: Works with others
1. complete assigned responsibilities within the shop floor serving as a
member of the team
2. provide individual assistance/direction to peers as requested
3. perform work to acceptable levels of quality as required
4, works well with all members of the class
C Information: Acquires and uses information
1. read and interpret blueprints
2. organize and apply theories of machine tool operation
3. perform basic semi-precision and precision layout as necessary
D. Systems: Understands complex inter-relationships
1. demonstrate knowledge of the following systems: .
a. laboratory organization structure: physical and social
b. organization of personnel and facilities on the shop floor
c. systematic approach to the mechanical process
d. dimensioning and measurement systems
e. systematic organization of training materials
2. monitors and corrects performance during
a. the practical process .
b. adjustments of individual laboratory work schedule
c. constantly evaluating the quality of work to achieve acceptable
standards
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E.

d. maintains record of evaluations and sets individual goals

Technology: Works with a variety of technologies

1.
2.

chooses procedure, tools and equipment required to perform the task
applies appropriate procedures and uses appropriate tools and equipment

_ to perform the mechanical task to acceptable standards

maintains and troubleshoots equipment

a. applies appropriate preventative maintenance

b when operating machines

c. reports all malfunctions of equipment to supervisor/instructor

d perform clean-up assignments of equipment and shop floor at the

end of the laboratory

IL FOUNDATION SKILLS
Basic Skills: Reads, writes, performs arithmetic and mathematical operations, -
listens and speaks.

A

L

Reading: Locates, understands, and interprets written information in
prose and in documents such as manuals, graphs, and schedules

a. studies student laboratory manual

b. interprets blueprints and technical drawings

C. read/studies textbook

d follow a daily laboratory schedule to maintain appropriate time-line

and task completion
Writing: Communicates thoughts, ideas, information, and messages in
writing; and creates documents such as letters, directions, manuals,
reports, graphs, and flow charts

a. outline the steps necessary to perform a mechanical task
b. maintain a lecture notebook

c. submit written responses to chapter question assignments
d. complete all written assignments

Arithmetic/Mathematics: Perform basic computations and approaches
practical problems by choosing appropriately from a variety of
mathematical techniques

a. keeps a running computation of individual grade
b. performs mathematical computations necessary to understand
course

Listening: Receives, attends to, interprets, and responds to verbal
messages and other cues

a. assimilate classroom instruction

b. interpret and assimilate video instruction

C. observe laboratory demonstrations

d. seek and receive individualized instruction in the laboratory

Speaking: Organizes ideas and communicates orally

a. participates in classroom discussions

b. organize ideas and communicate specific questions to the instructor

C. verbally affirms understanding of a concept, procedure, or required
skill ‘ :

d. communicates with peers to ensure the smooth and safe operation

of the laboratory
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B. Thinkfng Skills: Thinks creatively, makes decisions, solves problems, visualizes,
knows how to learn and reasons.

L

Decision Making: Specifies goals and constraints, generates alternatives,
considers risks, and evaluates and chooses best alternative

a. identifies personal goals

b. identifies actions required to accomplish personal goals

Problem Solving: Recognizes problems and devises and implements plan
of action

a. makes daily accommodations to stay on schedule

b. seeks additional instruction/clarification for assignment completion
C. balances social and academic life/responsibilities

d. accepts responsibility

Seeing Things In the Mind's Eye: Organizes, and processes symbols,
pictures, graphs, objects, and other information

a. interprets technical drawings

b. interprets technical illustrations and symbols

c. understands both written and verbal instructions

d. assimilates process during instructor demonstrations

Knowing How to Learn: Use efficient learning techniques to acquire and
apply new knowledge and skills

a. demonstrate mastery of the basic skills and techniques
b. use these sequential skills to support mastery of new skills
c. understand the sequential nature of acquired skills and the

subsequent knowledge application of new skills and techniques

Reasoning: Discovers a rule or principle underlying the relationship

between two or more objects and applies it when solving a problem

a. understands that practice may not make it perfect but it certainly
will improve the skill of the operator

b. understands that the quality of the product is a function of the time
of the operation and the attitude and skill of the machinist

c. understands the relationship between different metals and the tool
applied to the metal surface and adjusts machining parameters
accordingly.

C Personal Qualities: Displays responsibility, self-esteem, sociability, self-
management, and integrity and honesty.

L

Responsibility: Exerts a high level of effort and perseveres towards goal
attainment

a. develops an understanding that in order to be successful you must
be a "good" student

b. develops an understanding that a "good" student is the one who is
prompt to every class and has prepared for the day's work

C. develops an understanding good students know what they are going
to do in class and does not waste time

d develops a fine work-ethic

Self-Esteem: Believes in own self-worth and maintains a positive view of

self
a. learns to take pride in his or her work through positive
reinforcement ~
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b. sees himself or herself as an asset to the class through continued
contributions to the group and a shared common goal
C. understands that an individual with a positive attitude and the belief

in their own abilities will systematlcally seek solutions and be a
valuable employee
Sociability: Demonstrates understanding, friendliness, adaptability,
empathy, and politeness in group settings

a. assist classmates in improving technical skills
b. assist students with special needs as a peer mentor

C. share laboratory resources (machines, tools and instructor's

individual attention) :
Self-Management: Assesses self accurately, sets personal goals
monitors progress, and exhibits self-control

a. maintain a record of academic achievement (individual grade book)
b. make accommodations to laboratory schedules due to broken
equipment/tools
C. accept the responsibility for self-management
Integrity/Honesty: Chooses ethical courses of action
a. accept the responsibility for own actions
b. exhibit personal honesty at all times
C. accept the challenge of doing your own work in the laboratory,
during examination, and on outside assignments
d. understand the consequences of unethical behaviors
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MAST PROGRAM

COURSE SYLLABUS
ENGINEERING GRAPHICS 1

Lecture hours/week: 1 Lab hours/week: 6 _ Credit hours: 3

COURSE DESCRIPTION:

This course introduces engineering drawing using freehand sketching and computer graphics as
the necessary engineering graphics tools for the 1990's. The intent of this course is to provide the
student with introductory skills necessary to communicate, Freehand sketching, Computer system
fundamentals, Computer-Aided Drafting fundamentals (CAD), and an introduction to making

working drawings from solid computer models, 2D entity construction, as well as an introduction
to graphical vector analysis.

PREREQUISITE: NONE

REQUIRED COURSE MATERIALS:

Textbook: The AutoCAD Tutor for Engineering Graphics, Kalameja, Alan J.,
Delmar Publishers, 1995, ISBN#0-8273-5914-4

Engineering Drawing, Luzadder, Warren J.; Second
Edition, Prentice Hall, 1993, ISBN#0-13-480849

METHOD OF INSTRUCTION:

Lecture: Didactic presentations will include lecture and demonstrations.
Laboratory: Laboratory will be a "hands-on" process.

Method of Evaluation: A student's grade will be based on multiple measures of performance.

The assessment will measure development of independent critical thinking skills and will mclude

evaluation of the student’s ability to:

1. perform the manipulative skills of the craft as required to satisfactorily complete
laboratory assignments

2. apply theory to laboratory assignments

3. satisfactorily perform on written, oral, and practical examinations

4. satisfactorily perform on outside assignments including writing a551gnments

5. contribute to class discussions

6. maintain attendance per current policy

7. follow all lab rules and safety regulations as stated in the laboratory manual

LECTURE OUTLINE:
Lecture Topics Text Reference Page Contact Hrs.
Introduction 3 1
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Design Process and Graphics 11
Computer-Aided Design and

Drafting 37
Freehand Sketching 59
Engineering Geometry . 13
The Theory of Shape

Description 95
The Theory of Size Description 108
Multiviews 127
Auxiliary Views 152
Sectional Views 163
Pictorial Views 174

Total Lecture Hours

LAB OUTLINE:

o
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Lab Topics ‘ Contact Hrs.

AutoCAD Basics

Object Construction and Manipulation
Geometric Constructions

Shape Description/Multi-View Projection
Dimensioning Techniques

Analyzing 2-D Drawings

Region Modeling Techniques

Section Views

Aucxiliary Views

Isometric Drawings

3-D Modeling

Solid Modeling

Total Lab Hours

COURSE OBJECTIVES: TECHNICAL COMPETENCIES

[=a)
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After the successful completion of this course the student will be able to:
A. PRACTICE SAFETY

1.

Follow Safety Manuals and All Safety Regulations/Requirements

a. Assume responsibility for the personal safety of oneself and others
b. Develop a personal attitude towards safety

c. Interpret safety manual directives

d. Comply with established company safety practices

Use Protective Equipment

a. Wear protective safety clothing as required

b. Locate and properly use protective equipment

c. Use lifting aids when necessary

Follow Safe Operating Procedures for Hand and Power Tools

a. Identify and understand safe machine operating procedures
b. Demonstrate safe machine operation

Maintain a Clean and Safe Work Environment
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Keep work areas clean
Clean machine/hand tools when work is completed
Put tools away when work is finished
. Keep aisles clear of equipment and materials
B. MAINTAIN CONTROL SYSTEMS
1. - Loop-Check Control System
C. MAINTAIN FIELD INSTRUMENTATION DEVICES
1. Operate Control Systems Including Single Element, Cascade, Ratio, and
Feedforward
D. COLLECT AND FILE DATA
1. Prepare and Update Ladder And/Or Logic Diagrams
E. PARTICIPATE IN CONTINUING EDUCATION ACTIVITIES
1. Read/Interpret Diagrams and Drawings
2. Sketch Diagrams

ap ow

COURSE OBJECTIVES: SCANS COMPETENCIES

The Secretary’s Commission on Achieving Necessary Skills (SCANS), U.S. Department of Labor,
has identified in its “AMERICA 2000 REPORT” that all students should develop a new set of
competencies and foundation skills if they are to enjoy a productive, full and satisfying life.
These are in addition to the Technical Workplace Competencies required by industry. SCANS is

made up of five competencies and a three-part foundation of skills and personal qualities that
are needed for solid job performance.

The following activities will be performed by each student for successful completion of this
course:

L COMPETENCIES

A Resources: Identifies, organizes, plans, and allocates resources
1. follows a schedule to complete assigned tasks on time
2 determine the initial cost of materials and "value added" as result of work
3. complete a stock request form for required material
4 provide a self-evaluation of performance based on the time and quality of
work
B. Interpersonal: Works with others
1. complete assigned responsibilities within the shop floor serving as a
member of the team .
2. provide individual assistance/direction to peers as requested
3. perform work to acceptable levels of quality as required
4. works well with all members of the class
C Information: Acquires and uses information
1. read and interpret blueprints
2. organize and apply theories of machine tool operation
3. perform basic semi-precision and precision layout as necessary
D. Systems: Understands complex inter-relationships
1. demonstrate knowledge of the following systems:
a. laboratory organization structure: physical and social
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b organization of personnel and facilities on the shop floor
C. systematic approach to the mechanical process

d dimensioning and measurement systems

e. systematic organization of training materials

monitors and corrects performance during

a. the practical process

b. adjustments of individual laboratory work schedule

C. constantly evaluating the quality of work to achieve acceptable
standards

d. maintains record of evaluations and sets individual goals

Technology: Works with a variety of technologies

1.
2.

chooses procedure, tools and equipment required to perform the task
applies appropriate procedures and uses appropriate tools and equipment
to perform the mechanical task to acceptable standards

maintains and troubleshoots equipment

applies appropriate preventative maintenance

when operating machines

reports all malfunctions of equipment to supervisor/instructor
perform clean-up assignments of equipment and shop floor at the
end of the laboratory

aoow

I FOUNDATION SKILLS
Basic Skills: Reads, writes, performs arithmetic and mathematical operations,
listens and speaks.

A

L

Reading: Locates, understands, and interprets written information in
prose and in documents such as manuals, graphs, and schedules

a. studies student laboratory manual

b. interprets blueprints and technical drawings

C. read/studies textbook

d follow a daily laboratory schedule to maintain appropriate time-line

and task completion
Writing: Communicates thoughts, ideas, information, and messages in
writing; and creates documents such as letters, directions, manuals,
reports, graphs, and flow charts

a. outline the steps necessary to perform a mechanical task
b. maintain a lecture notebook -

C. submit written responses to chapter question assignments
d. complete all written assignments

Arithmetic/Mathematics: Perform basic computations and approaches
practical problems by choosing appropriately from a variety of
mathematical techniques

a. keeps a running computation of individual grade
b. performs mathematical computations necessary to understand
course

Listening: Receives, attends to, interprets, and responds to verbal
messages and other cues

a. assimilate classroom instruction
b. interpret and assimilate video instruction
c. observe laboratory demonstrations
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d. seek and receive individualized instruction in the laboratory
5. Speaking: Organizes ideas and communicates orally
a. participates in classroom discussions
b. organize ideas and communicate specific questions to the instructor
c. verbally affirms understanding of a concept, procedure, or required
skill
d. communicates with peers to ensure the smooth and safe operation
of the laboratory
B. Thinking Skills: Thinks creatively, makes decisions, solves problems, visualizes,
knows how to learn and reasons.
L Decision Making: Specifies goals and constraints, generates alternatives,
considers risks, and evaluates and chooses best alternative
a. identifies personal goals
b. identifies actions required to accomplish personal goals
2. Problem Solving: Recognizes problems and devises and implements plan
of action
a. makes daily accommodations to stay on schedule
b. seeks additional instruction/clarification for assignment completion
C. balances social and academic life/responsibilities
d. accepts responsibility
3. Seeing Things In the Mind's Eye: Organizes, and processes symbols,
pictures, graphs, objects, and other information
a. interprets technical drawings
b. interprets technical illustrations and symbols
C. understands both written and verbal instructions
d. assimilates process during instructor demonstrations
4. Knowing How to Learn: Use efficient learning techniques to acquire and
apply new knowledge and skills
a. demonstrate mastery of the basic skills and techniques
b. use these sequential skills to support mastery of new skills
C. understand the sequential nature of acquired skills and the
subsequent knowledge application of new skills and techniques
5. Reasoning: Discovers a rule or principle underlying the relationship

between two or more objects and applies it when solving a problem

a. understands that practice may not make it perfect but it certainly
will improve the skill of the operator

b. understands that the quality of the product is a functlon of the time
of the operation and the attitude and skill of the machinist

c. understands the relationship between different metals and the tool
applied to the metal surface and adjusts machining parameters
accordingly "

C Personal Qualities: Displays responsibility, self-esteem, sociability, self-
management, and integrity and honesty.

1

Responsibility: Exerts a high level of effort and perseveres towards goal
attainment

a. develops an understanding that in order to be successful you must
be a "good" student
b. develops an understanding that a "good" student is the one who is

prompt to every class and has prepared for the day's work
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C. develops an understanding good students know what they are going
to do in class and does not waste time
d. develops a fine work-ethic

Self-Esteem: Believes in own self-worth and maintains a positive view of

self

a. learns to take pride in his or her work through positive
reinforcement

b. sees himself or herself as an asset to the class through continued
contributions to the group and a shared common goal

C. understands that an individual with a positive attitude and the belief

in their own abilities will systematically seek solutions and be a
valuable employee '
Sociability: Demonstrates understanding, friendliness, adaptability,
empathy, and politeness in group settings

a. assist classmates in improving technical skills
b. assist students with special needs as a peer mentor
C. share laboratory resources (machines, tools and instructor's

individual attention)
Self-Management: Assesses self accurately, sets personal goals,
monitors progress, and exhibits self-control

a. maintain a record of academic achievement (individual grade book)

b. make accommodations to laboratory schedules due to broken
equipment/tools

C. accept the responsibility for self-management

Integrity/Honesty: Chooses ethical courses of action

a. accept the responsibility for own actions

b. exhibit personal honesty at all times

C. accept the challenge of doing your own work in the laboratory,
during examination, and on outside assignments

d. understand the consequences of unethical behaviors
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MAST PROGRAM
COURSE SYLLABUS
COLLEGE TRIGONOMETRY

‘

Lecture hours/week: 5 Lab hours/week: 0 Credit hours: 5

COURSE DESCRIPTION:

Emphasizes techniques of problem solving using trigonometric concepts. Topics include:
trigonometric functions, properties of trigonometric functions, vectors and triangles, inverse of
trigonometric functions/graphic, logarithmic and exponential functions, and complex numbers.

PREREQUISITE: College Algebra

REQUIRED COURSE MATERIALS:

Textbook: Basic Technical Mathematics with Calculus, 6th Ed.
Hand Tools/Quantity Required:

Tools

Scientific Calculator 1

Graph paper . 1 pack
Pencils

Straight edge 1

METHOD OF INSTRUCTION:

Lecture: Didactic presentations will include lecture and discussions.

Method of Evaluation: A student's grade will be based on multiple measures of performance.
The assessment will measure development of independent critical thinking skills and will include
evaluation of the student’s ability to:

satisfactorily perform on written, oral, and practical examinations

satisfactorily perform on outside assignments including writing assignments

contribute to class discussions

maintain attendance per current policy

hON =

LECTURE OUTLINE:

Lecture Topics Text Reference Page Contact Hrs.

Trigonometric Functions 20
Signs of the Trigonometric Functions
Define the Six Trigonometric

Functions
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Determine the Sign of the Function
of an Angle
Radians
Perform Trigonometric Computations
with Angles
Measures in Radians
Properties of Trigonometric Functions 30
Recognize and Verify the Basic
Trigonometric Identities
Trigonometric Equations (Conditional)
Prove the Validity of Trigonometric
Equations by Means of the
Trigonometric Identities
Positive Integers as Exponents
Perform Algebraic Operations With
Exponents
Expressed as Integers or Fractions
Zero and Negative Exponents
Fractional Exponents
Total Lecture Hours 50

COURSE OBJECTIVES: TECHNICAL COMPETENCIES

After the successful completion of this course the student will be able to:
A. ORGANIZE WORK ROUTINES

1. Organize Documents and Drawings Required on the Job
2. Detérmine Proper Tools/Equipment/Materials to Perform the Job
3. Perform Basic Trigonometric Functions

COURSE OBJECTIVES: SCANS COMPETENCIES

The Secretary’s Commission on Achieving Necessary Skills (SCANS), U.S. Department of Labor,
has identified in its “AMERICA 2000 REPORT” that all students should develop a new set of
competencies and foundation skills if they are to enjoy a productive, full and satisfying life.
These are in addition to the Technical Workplace Competencies required by industry. SCANS is
made up of five competencies and a three-part foundation of skills and personal qualities that
are needed for solid job performance.

’ | I
H

The following activities will be performed by each student for successful completion of this
course:

L COMPETENCIES
A Resources: Identifies, organizes, plans, and allocates resources
1. follows a schedule to complete assigned tasks on time

Xy



2. determine the initial cost of materials and "value added" as result of work
3. complete a stock request form for required material
4. provide a self-evaluation of performance based on the time and quality of
work
B. Interpersonal: Works with others
1. complete assigned responsibilities within the shop floor serving as a
member of the team
2. provide individual assistance/direction to peers as requested
3. perform work to acceptable levels of quality as required
4, works well with all members of the class
C Information: Acquires and uses information
1. read and interpret blueprints
2. organize and apply theories of machine tool operation
3. perform basic semi-precision and precision layout as necessary
D. Systems: Understands complex inter-relationships
1. demonstrate knowledge of the following systems:
a laboratory organization structure: physical and social
b organization of personnel and facilities on the shop floor
C. systematic approach to the mechanical process
d dimensioning and measurement systems
e. systematic organization of training materials
2. monitors and corrects performance during
a. the practical process
b. adjustments of individual laboratory work schedule
C. constantly evaluating the quality of work to achieve acceptable
standards
d maintains record of evaluations and sets 1nd1v1dual goals
E. Technology: Works with a variety of technologies
1. chooses procedure, tools and equipment required to perform the task
2. applies appropriate procedures and uses appropriate tools and equipment
to perform the mechanical task to acceptable standards
3. maintains and troubleshoots equipment
a. applies appropriate preventative maintenance
b when operating machines
C. reports all malfunctions of equipment to supervisor/instructor
d perform clean-up assignments of equipment and shop floor at the
end of the laboratory
FOUNDATION SKILLS
A Basic Skills: Reads, writes, performs arithmetic and mathematical operations,

listens and speatks.
L Reading: Locates, understands, and interprets written information in
prose and in documents such as manuals, graphs, and schedules
a. studies student laboratory manual
b. interprets blueprints and technical drawings
C. read/studies textbook
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d. follow a daily laboratory schedule to maintain appropriate time-line
and task completion

Writing: Communicates thoughts, ideas, information, and messages in

writing; and creates documents such as letters, directions, manuals,

reports, graphs, and flow charts

a. outline the steps necessary to perform a mechanical task
b. maintain a lecture notebook

C. submit written responses to chapter question assignments
d. complete all written assignments

Arithmetic/Mathematics: Perform basic computations and approaches
practical problems by choosing appropriately from a variety of
mathematical techniques

a. keeps a running computation of individual grade
b. performs mathematical computations necessary to understand
course

Listening: Receives, attends to, interprets, and responds to verbal
messages and other cues

a. assimilate classroom instruction

b. interpret and assimilate video instruction

c. observe laboratory demonstrations

d. seek and receive individualized instruction in the laboratory

Speaking: Organizes ideas and communicates orally

a. participates in classroom discussions

b. organize ideas and communicate specific questions to the instructor

c. verbally affirms understanding of a concept, procedure, or required
skill

d. communicates with peers to ensure the smooth and safe operation

of the laboratory

Thinking Skills: Thinks creatively, makes decisions, solves problems, visualizes,
knows how to learn and reasons.

L

Decision Making: Specifies goals and constraints, generates alternatives,
considers risks, and evaluates and chooses best alternative

a. identifies personal goals

b. identifies actions required to accomplish personal goals

Problem Solving: Recognizes problems and devises and implements plan
of action

a. makes daily accommodations to stay on schedule

b. seeks additional instruction/clarification for assignment completion
c. balances social and academic life/responsibilities

d. accepts responsibility

Seeing Things In the Mind's Eye: Organizes, and processes symbols,
pictures, graphs, objects, and other information

a. interprets technical drawings

b interprets technical illustrations and symbols

C. understands both written and verbal instructions

d assimilates process during instructor demonstrations
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Knowing How to Learn: Use efficient learning techniques to acquire and
apply new kmowledge and skills

a. demonstrate mastery of the basic skills and techniques
b. use these sequential skills to support mastery of new skills
c. understand the sequential nature of acquired skills and the

subsequent knowledge application of new skills and techniques
Reasoning: Discovers a rule or principle underlying the relationship
between two or more objects and applies it when solving a problem

a. understands that practice may not make it perfect but it certainly
will improve the skill of the operator

b. understands that the quality of the product is a function of the time
of the operation and the attitude and skill of the machinist

c. understands the relationship between different metals and the tool

applied to the metal surface and adjusts machining parameters
accordingly.

Personal Qualities: Displays responsibility, self-esteem, sociability, self-
management, and integrity and honesty.

L

Responsibility: Exerts a high level of effort and perseveres towards goal
attainment '

a. develops an understanding that in order to be successful you must
be a "good" student

b. develops an understanding that a "good" student is the one who is
prompt to every class and has prepared for the day's work

c. develops an understanding good students know what they are going
to do in class and does not waste time

d develops a fine work ethic

Self-Esteem: Believes in own self-worth and maintains a positive view of

self

a. learns to take pride in his or her work through positive
reinforcement

b. sees himself or herself as an asset to the class through continued
contributions to the group and a shared common goal

C. understands that an individual with a positive attitude and the belief

in their own abilities will systematically seek solutions and be a
valuable employee
Sociability: Demonstrates understanding, friendliness, adaptability,
empathy, and politeness in group settings

a. assist classmates in improving technical skills
b. assist students with special needs as a peer mentor
c. share laboratory resources (machines, tools and instructor's

individual attention)
Self-Management: Assesses self accurately, sets personal goals,
monitors progress, and exhibits self-control

a. maintain a record of academic achievement (individual grade book)

b. make accommodations to laboratory schedules due to broken
equipment/tools

C. accept the responsibility for self-management

7
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Integrity/Honesty: Chooses ethical courses of action

a.
b.
c.

accept the responsibility for own actions

exhibit personal honesty at all times

accept the challenge of doing your own work in the laboratory,
during examination, and on outside assignments

understand the consequences of unethical behaviors
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MAST PROGRAM

COURSE SYLLABUS
TECHNICAL COMMUNICATIONS

“

Lecture hours/week: S Lab hours/week: 0 Credit hours: §

COURSE DESCRIPTION:

Emphasizes practical knowledge of technical communications techniques, procedures, and
reporting formats used in industry and business. Topics include: reference use and research,
device and process descriptions, formal technical report writing, business correspondence, and
oral technical report presentation.

PREREQUISITE: Composition and Rhetoric I

REQUIRED COURSE MATERIALS:

Textbook: Technical Writing: A Practical Approach, Pfeiffer, W. S., 2nd edition (1994),
: New York: Merrill

Supplies:
Composition notebook (for students notes)
Loose leaf note paper (for class work submission)
Regulation report cover
Note cards (3x5 and 4x6 or 5x7)
Black or blue pen
Pencil

m aEE us =

METHOD OF INSTRUCTION:

Lecture: Didactic presentations will include lecture, and discussions.

Method of Evaluation: A student's grade will be based on multiple measures of performance.

The assessment will measure development of independent critical thinking skills and will include -
evaluation of the student’s ability to:

1. satisfactorily perform on written and oral examinations

2 satisfactorily perform on outside assignments including writing assignments
3. contribute to class discussions

4 maintain attendance per current policy

'
3
.,

LECTURE OUTLINE:
Lecture Topics Text Reference Page Contact Hrs.
Reference Use and Research Chapters 3 and 13 5

Orientation: Process in Technical

ERIC 8
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Writing, Technical Research
Report: Informal Report, Including
Internal Documentation
(groups in class)
Library Orientation
Organizing Information Styles in
Technical Writing Chapters 3 and 15
Organizing Information, Styles in
Technical Writing
Report: Topic Memo Due;
Free-Write on Topic
(in class)
Informal Report Writing Chapters 7 and 8
Letters and Memos, Informal
Reports
Report: Problem Memo (groups
in class); Purpose Statement
and Informal Outline Due
(handwritten drafts);
Reference List Due (APA
format in draft form)
Formal Technical Report Writing Chapters 9 and 12
Formal Reports and Oral
Communication
Report: Abstract of Journal Article
for Formal Report (see text
page 437, informational)
Patterns of Organization, Process
Descriptions and

Instructions Chapters S (pages 111-120) and 6

Report: Description of Mechanisms
(groups in class); Note Cards
Due
Page Design, Graphics Chapters 4 and 11
Report: Purpose Statement
Followed by Formal Outline
Due (typed); Two Copies
Progress Memo Due (one
addressed to oral report)
Drafting, Editing, and Revising
Report: Transmittal Memorandum
Due; Rough Draft Due for
Final Report
Business Correspondence Chapter 14
The Job Search
Report: Final Drafts Due (two
copies; one for advisor)
Oral Technical Report
Presentation
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Final Oral Presentations
Report: Resumes (class discussion)
Due Week 10
Review 5
Report: Final Oral Reports; Course
Evaluation; and Final Exam

Total Lecture Hours S0

COURSE OBJECTIVES: SCANS COMPETENCIES

The Secretary's Commission on Achieving Necessary Skills (SCANS), U.S. Department of Labor,
has identified in its “AMERICA 2000 REPORT” that all students should develop a new set of
competencies and foundation skills if they are to enjoy a productive, full and satisfying life.
These are in addition to the Technical Workplace Competencies required by industry. SCANS is

made up of five competencies and a three-part foundation of skills and personal qualities that
are needed for solid job performance.

.

The following activities will be performed by each student for successful completion of this
course:

L COMPETENCIES

A. Resources: Identifies, organizes, plans, and allocates resources
1. follows a schedule to complete assigned tasks on time
2. determine the initial cost of materials and "value added" as result of work
3. complete a stock request form for required material
4, provide a self-evaluation of performance based on the time and quality of
work
B. Interpersonal: Works with others
1. complete assigned responsibilities within the shop floor serving as a
member of the team
2. provide individual assistance/direction to peers as requested
3. perform work to acceptable levels of quality as required
4, works well with all members of the class
C Information: Acquires and uses information
1. read and interpret blueprints )
2. organize and apply theories of machine tool operation
3. perform basic semi-precision and precision layout as necessary
D. Systems: Understands complex inter-relationships
1. demonstrate knowledge of the following systems:

a laboratory organization structure: physical and social

b organization of personnel and facilities on the shop floor
C. systematic approach to the mechanical process

d dimensioning and measurement systems

e systematic organization of training materials

2. monitors and corrects performance during
a. the practical process
b. adjustments of individual laboratory work schedule
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C. constantly evaluating the quality of work to achieve acceptable
standards
d. maintains record of evaluations and sets individual goals

E. Technology: Works with a variety of technologies

W

1.
2.

chooses procedure, tools and equipment required to perform the task
applies appropriate procedures and uses appropriate tools and equipment
to perform the mechanical task to acceptable standards

maintains and troubleshoots equipment

a. applies appropriate preventative maintenance

b when operating machinés

C. reports all malfunctions of equipment to supervisor/instructor

d perform clean-up assignments of equipment and shop floor at the

end of the laboratory

IL FOUNDATION SKILLS

.
. 2
|
I
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A. Basic Skills: Reads, writes, pe)forms arithmetic and mathematical operations,
listens and speaks.
1

Reading: Locates, understands, and interprets written information in
prose and in documents such as manuals, graphs, and schedules

a. studies student laboratory manual

b interprets blueprints and technical drawings

C. read/studies textbook

d follow a daily laboratory schedule to maintain appropriate time-line

and task completion
Writing: Communicates thoughts, ideas, information, and messages in
writing; and creates documents such as letters, directions, manuals,
reports, graphs, and flow charts

a. outline the steps necessary to perform a mechanical task
b. maintain a lecture notebook

c. submit written responses to chapter question assignments
d. complete all written assignments

Arithmetic/Mathematics: Perform basic computations and approaches
practical problems by choosing appropriately from a variety of
mathematical techniques

a. keeps a running computation of individual grade

b. performs mathematical computations necessary to understand
course

Listening: Receives, attends to, interprets, and responds to verbal

messages and other cues

a. assimilate classroom instruction

b. interpret and assimilate video instruction

C. observe laboratory demonstrations

d. seek and receive individualized instruction in the laboratory

Speaking: Organizes ideas and communicates orally

a. participates in classroom discussions

b. organize idéas and communicate specific questions to the instructor

C. verbally affirms understanding of a concept, procedure, or required
skill
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d. communicates with peers to ensure the smooth and safe operation
of the laboratory
B. Thinking Skills: Thinks creatively, makes decisions, solves problems, visualizes,
knows how to learn and reasons. .
1. Decision Making: Specifies goals and constraints, generates alternatives,
considers risks, and evaluates and chooses best alternative
a. identifies personal goals
b. identifies actions required to accomplish personal goals
2. Problem Solving: Recognizes problems and devises and implements plan
of action '
a. makes daily accommodations to stay on schedule
b. seeks additional instruction/clarification for assignment completion
c. balances social and academic life/responsibilities
d. accepts responsibility
3. Seeing Things In the Mind's Eye: Organizes, and processes symbols,
pictures, graphs, objects, and other information
a. interprets technical drawings
b. interprets technical illustrations and symbols
C. understands both written and verbal instructions
d. assimilates process during instructor demonstrations
4. Knowing How to Learn: Use efficient learning techniques to acquire and
apply new knowledge and skills
a. demonstrate mastery of the basic skills and techniques
b. use these sequential skills to support mastery of new skills
c. understand the sequential nature of acquired skills and the
subsequent knowledge application of new skills and techniques
5. Reasoning: Discovers a rule or principle underlying the relationship

between two or more objects and applies it when solving a problem

a. understands that practice may not make it perfect but it certainly
will improve the skill of the operator

b. understands that the quality of the product is a function of the time
of the operation and the attitude and skill of the machinist

c. understands the relationship between different metals and the tool

applied to the metal surface and adjusts machining parameters
accordingly

C Personal Qualities: Displays responsibility, self-esteem, sociability, self-
managenment, and integrity and honesty.

1.

Responsibility: Exerts a high level of effort and perseveres towards goal
attainment

a. develops an understanding that in order to be successful you must
be a "good" student

b. develops an understanding that a "good" student is the one who is
prompt to every class and has prepared for the day's work

C. develops an understanding good students know what they are going
to do in class and does not waste time

d develops a fine work-ethic

Self-Esteem: Believes in own self-worth and maintains a positive view of

self
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a. learns to take pride in his or her work through positive
reinforcement

b. sees himself or herself as an asset to the class through continued
contributions to the group and a shared common goal

C. understands that an individual with a positive attitude and the belief

in their own abilities will systematically seek solutions and be a
valuable employee
Sociability: Demonstrates understanding, friendliness, adaptability,
empathy, and politeness in group settings

a. assist classmates in improving technical skills
b. assist students with special needs as a peer mentor
C. share laboratory resources (machines, tools and instructor's

individual attention)
Self-Management: Assesses self accurately, sets personal goals,
monitors progress, and exhibits self-control

a. maintain a record of academic achievement (individual grade book)

b. make accommodations to laboratory schedules due to broken
equipment/tools

C. accept the responsibility for self-management

Integrity/Honesty: Chooses ethical courses of action

a. accept the responsibility for own actions

b. exhibit personal honesty at all times

C. accept the challenge of doing your own work in the laboratory,
during examination, and on outside assignments

d. understand the consequences of unethical behaviors
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MAST PROGRAM
COURSE SYLLABUS
MECHANICS

§

Lecture hours/week: 4 Lab hours/week: 3 Credit hours: 5

COURSE DESCRIPTION:

The first of three courses in the calculus based physics sequence. This course is an introduction
to classical mechanics. Topics include: physical quantities, measurements of physical quantities,
system of units, vector algebra, kinematics, Newton’s Laws, rotational motion, momentum,
energy, angular momentum, conservation laws, impulse, mechanical equilibrium and elasticity.

Laboratory exercises supplement class work. Computer use is an integral part of the class and
laboratory assignments.

PREREQUISITE: College Algebra and Computer Programming Fundamentals

REQUIRED COURSE MATERIALS:

Textbook: University Physics, by William P. Crummet and Author B. Western

METHOD OF INSTRUCTION:

Lecture: Didactic presentations will include lecture and demonstrations.
Laboratory: Laboratory will be a "hands-on" process.

Method of Evaluation: A student's grade will be based on multiple measures of performance.
The assessment will measure development of independent critical thinking skills and will include
evaluation of the student’s ability to:

1. perform the manipulative skills of the craft as required to satisfactorily complete
laboratory assignments

apply theory to laboratory assignments

satisfactorily perform on written, oral, and practical examinations

satisfactorily perform on outside assignments including writing assignments

contribute to class discussions

maintain attendance per current policy

follow all shop rules and safety regulations as stated in the laboratory manual

SNk, WN

LECTURE OUTLINE:

Lecture Topics Text Reference Page Contact Hrs.

Measurements and Systems of
Units 6
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Scientific Notation
Express and manipulate
numbers in
scientific notation
Systems of Units
Explain SI, CGS, and FPS
unit systems
Change a physical quantity
from one set of units
to another
Vectors
Explain the difference
between vector
and scalar quantities
Express vector quantities in
polar and component
form
Newton’s Law
Newton’s Laws of Motion
State Newton’s laws of motion
Newton’s Universal Law of Gravitation
Calculate the gravitational
attraction between two
bodies
Mass and Weight
Distinguish between force and
mass and define the
units of each
Application of Newton’s Laws
Solve dynamics problems
involving constant
forces
Work, Energy and Power
Work, Energy and Power
Define work, potential energy,
kinetic energy and power,
and identify the units of each
Conservation of Energy
State the law of conservation
and energy
Work
Compute the work done by
both constant and
varying forces
Use the work-energy theorem
in solving problems
Kinetic Energy
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Compute the translational
kinetic energy of a
body
Hooke’s Law
Solve problems with Hooke’s
law
~ Potential Energy
Compute the elastic potential
energy stored in a
spring
Compute the gravitational
potential energy of an
object
Power
Compute the power given
appropriate parameters
Impulse and Momentum
Momentum
Define the momentum and
identify its units
Conservation of Momentum
State the law of conservation
of momentum
Elastic and Inelastic Collisions
Solve elastic and inelastic
collision problems
One and Two-Dimensional Motion
Displacement
Define displacement and
identify its units
Velocity and Speed
Define both velocity and
speed and identify
their respective units
Acceleration
Define acceleration and
identify its units
Motion and Constant Acceleration
Solve problems involving
uniformly accelerated
motion
Angular Displacement
Define angular displacement,
angular velocity
Circular Motion
Define centripetal force and
centripetal acceleration
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Solve rotational kinematics
problems
Calculate the centripetal force
exerted on a body the
associated centripetal
acceleration
Mechanical Equilibrium 6
Torque
Define torque and identify its
units
Compute the torque generated
by a force about an axis
Moments of Inertia
Determine the moment of
inertia of a rigid body
about a given axis
Mechanical Equilibrium
State the conditions of
mechanical equilibrium
Solve problems involving
systems in the state of
mechanical equilibrium
Conservation of Angular Momentum
State the law of conservation
of angular momentum
Solve problems with
conservation of angular
momentum

Total Lecture Hours 40

l

LAB OUTLINE:

Lab Topics Contact Hrs.

Measurements and Systems of Units 4
Scientific Notation

Systems of Units

Vectors

Newton’s Law 7
Newton’s Laws of Motion

Newton’s Universal Law of Gravitation

Mass and Weight

Application of Newton’s Laws

Work, Energy and Power 4
Work, Energy and Power

Conservation of Energy

Work

Kinetic Energy

’\-
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Hooke’s Law

Potential Energy

Power

Impulse and Momentum
Momentum

Conservation of Momentum

Elastic and Inelastic Collisions

One and Two-Dimensional Motion
Displacement

Velocity and Speed

Acceleration

Motion and Constant Acceleration
Angular Displacement

Circular Motion

Mechanical Equilibrium

Torque

Moments of Inertia

Mechanical Equilibrium
Conservation of Angular Momentum

Total Lab Hours

COURSE OBJECTIVES: TECHNICAL COMPETENCIES

After the successful completion of this course the student will be able to:

A. PRACTICE SAFETY

1. Follow Safety Manuals and All Safety Regulations/Requirements

a. Assume responsibility for the personal safety of oneself and others
b. Develop a personal attitude towards safety
c. Interpret safety manual directives
d. Comply with established company safety practices
2. Use Protective Equipment
a. Wear protective safety clothing as required
b. Locate and properly use protective equipment
C. Use lifting aids when necessary
3. Follow Safe Operating Procedures for Hand and Power Tools
a. Identify and understand safe machine operating procedures
b. Demonstrate safe machine operation
4. Maintain a Clean and Safe Work Environment
a. Keep work areas clean
b. Clean machine/hand tools when work is completed
c. Put tools away when work is finished
d. Keep aisles clear of equipment and materials

B. MAINTAIN CONTROL SYSTEMS
1. Install Control System Hardware

C. MAINTAIN FIELD INSTRUMENTATION DEVICES

1. Install/Replace Field Sensing Elements
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COURSE OBJECTIVES: SCANS COMPETENCIES

The Secretary’s Commission on Achieving Necessary Skills (SCANS), U.S. Department of Labor,
has identified in its “AMERICA 2000 REPORT” that all students should develop a new set of
competencies and foundation skills if they are to enjoy a productive, full and satisfying life.
These are in addition to the Technical Workplace Competencies required by industry. SCANS is
made up of five competencies and a three-part foundation of skills and personal qualities that
are needed for solid job performance.

The following activities will be performed by each student for successful completion of this
course: '

L COMPETENCIES

' A Resources: Identifies, organizes, plans, and allocates resources
’ 1. follows a schedule to complete assigned tasks on time
2 determine the initial cost of materials and "value added" as result of work
' 3. complete a stock request form for required material
) 4 provide a self-evaluation of performance based on the time and quality of
work
l B. Interpersonal: Works with others
1. complete assigned responsibilities within the shop floor serving as a
I member of the team
, 2. provide individual assistance/direction to peers as requested
3. perform work to acceptable levels of quality as required:
' 4, works well with all members of the class
: C Information: Acquires and uses information
L. read and interpret blueprints
' 2. organize and apply theories of machine tool operation
3. perform basic semi-precision and precision layout as necessary
D. Systems: Understands complex inter-relationships
I/ 1. demonstrate knowledge of the following systems:
a. laboratory organization structure: physical and social
b. organization of personnel and facilities on the shop floor
l C. systematic approach to the mechanical process
d. dimensioning and measurement systems
e. systematic organization of training materials
l 2. monitors and corrects performance during
a. the practical process
: b. adjustments of individual laboratory work schedule
l C. constantly evaluating the quality of work to achieve acceptable
standards
.~ d. maintains record of evaluations and sets individual goals
i E. Technology: Works with a variety of technologies
A 1. chooses procedure, tools and equipment required to perform the task
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applies appropriate procedures and uses appropriate tools and equipment
to perform the mechanical task to acceptable standards
maintains and troubleshoots equipment

a. applies appropriate preventative maintenance

b when operating machines

c. reports all malfunctions of equipment to supervisor/instructor

d perform clean-up assignments of equipment and shop floor at the

end of the laboratory

I FOUNDATION SKILLS

A Basic Skills: Reads, writes, performs arithmetic and mathematical operations,
listens and speaks.

1

Reading: Locates, understands, and interprets written information in
prose and in documents such as manuals, graphs, and schedules

a. studies student laboratory manual

b. Jinterprets blueprints and technical drawings

c. read/studies textbook

d. follow a daily laboratory schedule to maintain appropriate time-line

and task completion

2. Writing: Communicates thoughts, ideas, information, and messages in
writing; and  creates documents such as letters, directions, manuals,
reports, graphs, and flow charts
a. outline the steps necessary to perform a mechanical task
b. maintain a lecture notebook
c. submit written responses to chapter question assignments
d. complete all written assignments

3. Arithmetic/Mathematics: Perform basic computations and approaches
practical problems by choosing appropriately from a variety of

' mathematical techniques
a. keeps a running computation of individual grade
b. performs mathematical computations necessary to understand
course

4. Listening: Receives, attends to, interprets, and responds to verbal
messages and other cues
a. assimilate classroom instruction
b. interpret and assimilate video instruction
c. observe laboratory demonstrations
d. seek and receive individualized instruction in the laboratory

5. Speaking: Organizes ideas and communicates orally
a. participates in classroom discussions
b. organize ideas and communicate specific questions to the instructor
C. verbally affirms understanding of a concept, procedure, or required

skill
d. communicates with peers to ensure the smooth and safe operation
of the laboratory
B. Thinking Skills: Thinks creatively, makes decisions, solves problems, visualizes,

knows how to learn and reasons.

I1
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Decision Making: Specifies goals and constraints, generates alternatives,
considers risks, and evaluates and chooses best alternative

a. identifies personal goals

b. identifies actions required to accomplish personal goals

Problem Solving: Recognizes problems and devises and implements plan
of action

a. makes daily accommodations to stay on schedule

b. seeks additional instruction/clarification for assignment completion
c. balances social and academic life/responsibilities

d. accepts responsibility

Seeing Things In the Mind's Eye: Organizes, and processes symbols,
pictures, graphs, objects, and other information

a. interprets technical drawings

b. interprets technical illustrations and symbols

C. understands both written and verbal instructions

d. assimilates process during instructor demonstrations

Knowing How to Learn: Use efficient learning techniques to acquire and
apply new knowledge and skills

a. demonstrate mastery of the basic skills and techniques
b. use these sequential skills to support mastery of new skills
c. understand the sequential nature of acquired skills and the

subsequent knowledge application of new skills and techniques
Reasoning: Discovers a rule or principle underlying the relationship
between two or more objects and applies it when solving a problem

a. understands that practice may not make it perfect but it certainly
will improve the skill of the operator

b. understands that the quality of the product is a function of the time
of the operation and the attitude and skill of the machinist

c. understands the relationship between different metals and the tool

applied to the metal surface and adjusts machining parameters
accordingly

C Personal Qualities: Displays responsibility, self-esteem, sociability, self-
management, and integrity and honesty.

1

Responsibility: Exerts a high level of effort and perseveres towards goal
attainment

a. develops an understanding that in order to be successful you must
be a "good" student

b. develops an understanding that a "good" student is the one who is
prompt to every class and has prepared for the day's work

c. develops an understanding good students know what they are going
to do in class and does not waste time

d develops a fine work-ethic

Self-Esteem: Believes in own self-worth and maintains a positive view of

self

a. learns to take pride in his or her work through positive
reinforcement
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b. sees himself or herself as an asset to the class through continued
contributions to the group and a shared common goal
c. understands that an individual with a positive attitude and the belief

in their own abilities will systematically seek solutions and be a
valuable employee
Sociability: Demonstrates understanding, friendliness, adaptability,
empathy, and politeness in group settings

a. assist classmates in improving technical skills
b. assist students with special needs as a peer mentor *
c. share laboratory resources (machines, tools and instructor's

individual attention)

Self-Management: Assesses self accurately, sets personal goals,
monitors progress, and exhibits self-control

a. maintain a record of academic achievement (individual grade book)

b. make accommodations to laboratory schedules due to broken
equipment/tools

c. accept the responsibility for self-management

Integrity/Honesty: Chooses ethical courses of action

a. accept the responsibility for own actions

b. exhibit personal honesty at all times

C. accept the challenge of doing your own work in the laboratory,
during examination, and on outside assignments A

d. understand the consequences of unethical behaviors
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MAST PROGRAM
COURSE SYLLABUS
DC CIRCUIT ANALYSIS

§

Lecture hours/week: 4 Lab hours/week: 3 Credit hours: 5§

COURSE DESCRIPTION:

Emphasizes knowledge and ability to analyze basic DC circuits. Topics include: units, basic
electrical laws, series and parallel circuits, capacitance, an introduction to network analysis and
network theorem concepts, and DC instruments. Laboratory work parallels class work.

PREREQUISITE: College Algebra and Computer Programming Fundamentals

REQUIRED COURSE MATERIALS:

Textbook: Introductory Circuit Analysis, Boylstad, Sth Edition
METHOD OF INSTRUCTION:
Lecture: Didactic presentations will include lecture and demonstrations.

Laboratory: Laboratory will be a "hands-on" process.

Method of Evaluation: A student's grade will be based on multiple measures of performance.
The assessment will measure development of independent critical thinking skills and will include
evaluation of the student’s ability to:

1. perform the manipulative skills of the craft as required to satisfactorily complete
laboratory assignments

apply theory to laboratory assignments

satisfactorily perform on written, oral, and practical examinations

satisfactorily perform on outside assignments including writing assignments
contribute to class discussions

maintain attendance per current policy
follow all shop rules and safety regulations as stated in the laboratory manual

Nowhswb

LECTURE OUTLINE:
Lecture Topics Text Reference Page Contact Hrs.
Conversion, Scientific Notation
Current and Voltage
Resistance
Test 1
Ohm's Law, Power, and Energy
Series and Parallel Circuits
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Test 2

Review and Midterm
Series Parallel Circuits

Test 3

Network Analysis
Network Theorems
Capacitor

Test 4

Review and Final Exam

Total Lecture Hours

LAB OUTLINE:

Lab Topics

Contact Hrs.

Scientific Notation

Measure Voltage and Current, Voltmeter and Ammeter
Measure Resistance of Fixed and Variable Resistors
Measure Power, Wattmeter

Construct Series Circuit; Construct Parallel Circuit, Measure

Voltage and Currents in Circuits

Construct Series and Parallel Circuits

Mesh Analysis

Norton’s Theorem

Measure Capacitor Leakage Current and Charging Current
Complete All Labs

Total Lab Hours

COURSE OBJECTIVES: TECHNICAL COMPETENCIES

3

W W W
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After the successful completion of this course the student will be able to:

A.

36

PRACTICE SAFETY
1. Follow Safety Manuals and All Safety Regulations/Requirements
a. Assume responsibility for the personal safety of oneself and others
b. Develop a personal attitude towards safety
C. Interpret safety manual directives
d. Comply with established company safety practices
2. Use Protective Equipment
a. Wear protective safety clothing as required
b. Locate and properly use protective equipment
C. Use lifting aids when necessary
3. Follow Safe Operating Procedures for Hand and Power Tools
a. Identify and understand safe machine operating procedures
b. Demonstrate safe machine operation
4. Maintain a Clean and Safe Work Environment
a. Keep work areas clean
b. Clean machine/hand tools when work is completed
c. Put tools away when work is finished



d. Keep aisles clear of equipment and matenals

B. MAINTAIN CONTROL SYSTEMS

1.
2.
3.

Collect and Record Data According to Company Requirements
Simulate Control System Check
Perform On-Line Testing

COURSE OBJECTIVES: SCANS COMPETENCIES

The Secretary's Commission on Achieving Necessary Skills (SCANS), U.S. Department of Labor,

has identified in its "AMERICA 2000 REPORT” that all students should develop a new set of
competencies and foundation skills if they are to enjoy a productive, full and satisfying life.
" These are in addition to the Technical Workplace Competencies required by industry. SCANS is

made up of five competencies and a three-part foundation of skills and personal qualities that
are needed for solid job performance.

The following activities will be performed by each student for successful completion of this

course:

L COMPETENCIES -

A

Resources: Identifies, organizes, plans, and allocates resources

1. follows a schedule to complete assigned tasks on time
2 determine the initial cost of materials and "value added" as result of work
3. complete a stock request form for required material
4 provide a self-evaluation of performance based on the time and quality of
work
Interpersonal: Works with others
1. complete assigned responsibilities within the shop floor serving as a
member of the team
2. provide individual assistance/direction to peers as requested
3. perform work to acceptable levels of quality as required
4, works well with all members of the class
Information: Acquires and uses information
1. read and interpret blueprints
2. organize and apply theories of machine tool operation
3. perform basic semi-precision and precision layout as necessary
Systems: Understands complex inter-relationships
1. demonstrate knowledge of the following systems:
a. laboratory organization structure: physical and social
b. organization of personnel and facilities on the shop floor
c. systematic approach to the mechanical process
d. dimensioning and measurement systems
e. systematic organization of training materials
2. monitors and corrects performance during
a. the practical process
b. adjustments of individual laboratory work schedule
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c. constantly evaluating the quality of work to achieve acceptable
standards
d. maintains record of evaluations and sets individual goals
E. Technology: Works with a variety of technologies

1. chooses procedure, tools and equipment required to perform the task

2. applies appropriate procedures and uses appropriate tools and equipment
to perform the mechanical task to acceptable standards

3. maintains and troubleshoots equipment
a. applies appropriate preventative maintenance
b when operating machines
C. reports all malfunctions of equipment to supervisor/instructor
d perform clean-up assignments of equipment and shop floor at the

end of the laboratory

II. FOUNDATION SKILLS
A Basic Skills: Reads, writes, performs arithmetic and mathematical operations,
listens and speaks.
L Reading: Locates, understands, and interprets written information in
prose and in documents such as manuals, graphs, and schedules
a. studies student laboratory manual
b. interprets blueprints and technical drawings
c. read/studies textbook
d follow a daily laboratory schedule to maintain appropriate time-line
and task completion -
Writing: Communicates thoughts, ideas, information, and messages in
writing; and creates documents such as letters, directions, manuals,
reports, graphs, and flow charts

o EE T 2
)

a. outline the steps necessary to perform a mechanical task
b. maintain a lecture notebook
c. submit written responses to chapter question assignments
d. complete all written assignments
3. Arithmetic/Mathematics: Perform basic computations and approaches
I practical problems by choosing appropriately from a variety of
mathematical techniques
a. keeps a running computation of individual grade
' b. performs mathematical computations necessary to understand
- course
4. Listening: Receives, attends to, interprets, and responds to verbal
' messages and other cues
a. assimilate classroom instruction
b. interpret and assimilate video instruction
' c. observe laboratory demonstrations
d. seek and receive individualized instruction in the laboratory
5. Speaking: Organizes ideas and communicates orally
l a. participates in classroom discussions
N b. organize ideas and communicate specific questions to the instructor
' c. verbally affirms understanding of a concept, procedure, or required
skill
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d. communicates with peers to ensure the smooth and safe operation
of the laboratory
B. Thinking Skills: Thinks creatively, makes decisions, solves problems, visualizes,
knows how to learn and reasons.
1 Decision Making: Specifies goals and constraints, generates alternatives,
considers risks, and evaluates and chooses best alternative
a. identifies personal goals
b. identifies actions required to accomplish personal goals
2. Problem Solving: Recognizes problems and devises and implements plan
of action
a. makes daily accommodations to stay on schedule ‘
b. seeks additional instruction/clarification for assignment completion
c. balances social and academic life/responsibilities
d accepts responsibility

3. Seeing Things In the Mind's Eye: Organizes, and processes symbols,
pictures, graphs, objects, and other information

a. interprets technical drawings
b. interprets technical illustrations and symbols
c. understands both written and verbal instructions
d. assimilates process during instructor demonstrations
4. Knowing How to Learn: Use efficient learning techniques to acquire and
apply new knowledge and skills
a. demonstrate mastery of the basic skills and techniques
b. use these sequential skills to support mastery of new skills l
c. understand the sequential nature of acquired skills and the
subsequent knowledge application of new skills and techniques
5. Reasoning: Discovers a rule or principle underlying the relationship l
between two or more objects and applies it when solving a problem
a. understands that practice may not make it perfect but it certainly
will improve the skill of the operator
b. understands that the quality of the product is a function of the time ;
of the operation and the attitude and skill of the machinist
c. understands the relationship between different metals and the tool
applied to the metal surface and adjusts machining parameters
accordingly

C Personal Qualities: Displays responsibility, self-esteem, sociability, self-
management, and integrity and honesty.
1 Responsibility: Exerts a high level of effort and perseveres towards goal

attainment

a. develops an understanding that in order to be successful you must
be a "good" student

b. develops an understanding that a "good" student is the one who is
prompt to every class and has prepared for the day's work

c. develops an understanding good students know what they are going
to do in class and does not waste time

d. ' develops a fine work-ethic

2. Self-Esteem: Believes in own self-worth and maintains a positive view of
self
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a. learns to take pride in his or her work through positive
reinforcement

b. sees himself or herself as an asset to the class through continued
contributions to the group and a shared common goal

C. understands that an individual with a positive attitude and the belief

in their own abilities will systematically seek solutions and be a
valuable employee
Sociability: Demonstrates understanding, friendliness, adaptability,
empathy, and politeness in group settings

a. assist classmates in improving technical skills
b.’ assist students with special needs as a peer mentor
c. share laboratory resources (machines, tools and instructor's

individual attention)
Self-Management: Assesses self accurately, sets personal goals,
monitors progress, and exhibits self-control

a. maintain a record of academic achievement (individual grade book)

b. make accommodations to laboratory schedules due to broken
equipment/tools

c. accept the responsibility for self-management

Integrity/Honesty: Chooses ethical courses of action

a. accept the responsibility for own actions

b. exhibit personal honesty at all times

C. accept the challenge of doing your own work in the laboratory,
during examination, and on outside assignments

d. understand the consequences of unethical behaviors
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MAST PROGRAM

COURSE SYLLABUS
DIFFERENTIAL CALCULUS

*
Lecture hours/week: 5 Lab hours/week: 0 Credit hours: §

COURSE DESCRIPTION:

Empbhasizes the use of differential calculus. Application of techniques include extreme value
problems, motion, graphing, and other topics as time allows. Topics include: derivatives and
applications, differentiation of transcendental functions, and an introductions to integration and
applications. Class includes lecture, applications and homework to reinforce learning.

PREREQUISITE: College Trigonometry

REQUIRED COURSE MATERIALS:

Textbook: Basic Technical Mathematics With Calculus, 6th Ed.
Hand Tools/Quantity Required:

Tools

Scientific Calculator 1

Graph paper - 1 pack
Pencils

Straight edge . 1

METHOD OF INSTRUCTION:

Lecture: Didactic presentations will include lecture and discussions.

Method of Evaluation: A student's grade will be based on multiple measures of performance.
The assessment will measure development of independent critical thmkmg skills and will include
evaluation of the student’s ability to:

1. satisfactorily perform on written, oral, and practical examinations

2 satisfactorily perform on outside assignments including writing assignments
3. contribute to class discussions

4 maintain attendance per current policy

LECTURE OUTLINE:

Lecture Topics Text Reference Page Contact Hrs.

Functions (Notations, Range,

Domain, Inverse, Operations,

Graphing, Continuous) 760
Test 1 2
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Limits 610
The Slope of a Tangent to a Curve
The Derivative
The Derivative as an Instantaneous
Rate of Change
Derivatives of Polynomials
Derivatives of Products and Quotients
of Functions
The Derivative of a Power of a
Function '
Differentiation of Implicit Functions
Higher Derivatives
Derivatives of the Sine and Cosine
Functions 760
Derivatives of the Other
Trigonometric Functions
Derivative of the Logarithmic Function
Derivative of the Exponential Functions
Test 2
Tangents and Normals - 656
Newton’s Method for Solving Equations
Curvilinear Motion
Related Rates '
Using Derivatives in Curve Sketching
More on Curve Sketching
Applied Maximum and Minimum Problems
Differentials 692
Test 3
Antiderivatives
The Indefinite Integral
The Area Under a Curve
The Definite Integral
Applications of the Indefinite Integral 722
Areas of Integration
Other Applications
Test 4
Review for Final Exam
Final Exam

Total Lecture Hours

COURSE OBJECTIVES: TECHNICAL COMPETENCIES

(%]
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After the successful completion of this course the student will be able to:

A,

ORGANIZE WORK ROUTINES

1. Organize Documents and Drawings Required on the Job
2. Determine Proper Tools/Equipment/Materials to Perform the Job
3. Perform Basic Calculus Operations
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COURSE OBJECTIVES: SCANS COMPETENCIES

The Secretary’s Commission on Achieving Necessary Skills (SCANS), U.S. Department of Labor,
has identified in its “AMERICA 2000 REPORT” that all students should develop a new set of
competencies and foundation skills if they are to enjoy a productive, full and satisfying life.
These are in addition to the Technical Workplace Competencies required by industry. SCANS is

made up of five competencies and a three-part foundation of skills and personal qualities that
are needed for solid job performance.

The following activities will be performed by each student for successful completion of this
course:

L COMPETENCIES

A.  Resources: Identifies, organizes, plans, and allocates resources
1. follows a schedule to complete assigned tasks on time
2 determine the initial cost of materials and "value added" as result of work
3. complete a stock request form for required material
4 provide a self-evaluation of performance based on the time and quality of
work
B. Interpersonal: Works with others
1. complete assigned responsibilities within the shop floor serving as a
member of the team
2. provide individual assistance/direction to peers as requested
3. perform work to acceptable levels of quality as required
4. works well with all members of the class
C Information: Acquires and uses information
1. read and interpret blueprints
2. organize and apply theories of machine tool operation
3. perform basic semi-precision and precision layout as necessary
D. Systems: Understands complex inter-relationships
1. demonstrate knowledge of the following systems:
a. laboratory organization structure: physical and social
b. organization of personnel and facilities on the shop floor
C. systematic approach to the mechanical process
d. dimensioning and measurement systems
e. systematic organization of training materials
2. monitors and corrects performance during
a. the practical process
b. adjustments of individual laboratory work schedule
c. constantly evaluating the quality of work to achieve acceptable
standards
d. maintains record of evaluations and sets individual goals
E. Technology: Works with a variety of technologies
1. chooses procedure, tools and equipment required to perform the task
2. applies appropriate procedures and uses appropriate tools and equipment

to perform the mechanical task to acceptable standards
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maintains and troubleshoots equipment

a. applies appropriate preventative maintenance

b when operating machines

C. reports all malfunctions of equipment to supervisor/instructor

d perform clean-up assignments of equipment and shop floor at the

end of the laboratory

IL FOUNDATION SKILLS

Basic Skills: Reads, writes, performs arithmetic and mathematical operations,
listens and speaks.

A

L

Reading: Locates, understands, and interprets written information in
prose and in documents such as manuals, graphs, and schedules

a. studies student laboratory manual

b. interprets blueprints and technical drawings

c. read/studies textbook

d. follow a daily laboratory schedule to maintain appropriate time-line

and task completion
Writing: Communicates thoughts, ideas, information, and messages in
writing; and creates documents such as letters, directions, manuals,
reports, graphs, and flow charts

a. outline the steps necessary to perform a mechanical task
b. maintain a lecture notebook

c.  submit written responses to chapter question assignments
d. complete all written assignments

Arithmetic/Mathematics: Perform basic computations and approaches
practical problems by choosing appropriately from a variety of
mathematical techniques

a. keeps a running computation of individual grade
b. performs mathematical computations necessary to understand
course

Listening: Receives, attends to, interprets, and responds to verbal
messages and other cues

a. assimilate classroom instruction

b. interpret and assimilate video instruction

c. observe laboratory demonstrations

d. seek and receive individualized instruction in the laboratory

Speaking: Organizes ideas and communicates orally

a. participates in classroom discussions

b. organize ideas and communicate specific questions to the instructor

c. verbally affirms understanding of a concept, procedure, or required
skill

d. communicates with peers to ensure the smooth and safe operation

of the laboratory

Thinking Skills: Thinks creatively, makes decisions, solves problems, visualizes,
knows how to learn and reasons.

L

Decision Making: Specifies goals and constraints, generates alternatives,
considers risks, and evaluates and chooses best alternative
a. identifies personal goals
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b. identifies actions required to accomplish personal goals
2. Problem Solving: Recognizes problems and devises and implements plan
of action
a. makes daily accommodations to stay on schedule
b. seeks additional instruction/clarification for assignment completion
C. balances social and academic life/responsibilities
d. accepts responsibility
3. Seeing Things In the Mind's Eye: Organizes, and processes symbols,
pictures, graphs, objects, and other information
a. interprets technical drawings
b. interprets technical illustrations and symbols
C. understands both written and verbal instructions
d. assimilates process during instructor demonstrations
4. Knowing How to Learn: Use efficient learning techniques to acquire and
apply new knowledge and skills
a. demonstrate mastery of the basic skills and techniques
b. use these sequential skills to support mastery of new skills
c. understand the sequential nature of acquired skills and the
subsequent knowledge application of new skills and techniques
5. Reasoning: Discovers a rule or principle underlying the relationship
between two or more objects and applies it when solving a problem
a. understands that practice may not make it perfect but it certainly
will improve the skill of the operator
b. understands that the quality of the product is a function of the time
of the operation and the attitude and skill of the machinist
c. understands the relationship between different metals and the tool
applied to the metal surface and adjusts machining parameters
accordingly
C Personal Qualities: Displays responsibility, self-esteem, sociability, self-
management, and integrity and honesty.
1 Responsibility: Exerts a high level of effort and perseveres towards goal
attainment
a. develops an understanding that in order to be successful you must
be a "good" student
b. develops an understanding that a "good" student is the one who is
prompt to every class and has prepared for the day's work
c. develops an understanding good students know what they are going
to do in class and does not waste time
d. develops a fine work-ethic
2. Self-Esteem: Believes in own self-worth and maintains a positive view of

self

a. learns to take pride in his or her work through positive
reinforcement

b. sees himself or herself as an asset to the class through continued
contributions to the group and a shared common goal

C. understands that an individual with a positive attitude and the belief

in their own abilities will systematically seek solutions and be a
valuable employee
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Sociability: Demonstrates understanding, friendliness, adaptabtlu_‘y
empathy, and politeness in group settings

a. assist classmates in improving technical skills
b. assist students with special needs as a peer mentor
c. share laboratory resources (machines, tools and instructor's

individual attention)
Self-Management: Assesses self accurately, sets personal goals,
monitors progress, and exhibits self-control

a. maintain a record of academic achievement (individual grade book)

b. make accommodations to laboratory schedules due to broken
equipment/tools

c. accept the responsibility for self-management

Integrity/Honesty: Chooses ethical courses of action

a. accept the responsibility for own actions

b. exhibit personal honesty at all times

C. accept the challenge of doing your own work in the laboratory,
during examination, and on outside assignments

d. understand the consequences of unethical behaviors
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MAST PROGRAM
COURSE SYLLABUS
ELECTRICITY AND MAGNETISM

Lecture hours/week: 4 Lab hours/week: 3 Credit hours: §

COURSE DESCRIPTION:

The second of three courses in the calculus based physics sequence. This course is an
introduction to the classical theory of magnetism. Topics include: electrostatic forces and fields,

basic circuit elements and circuit theory, magnetism, electromagnetic waves and modern physics.

PREREQUISITE: College Trigonometry and Mechanics

REQUIRED COURSE MATERIALS:

Textbook: University Physics by William P. Crummet and Author B. Western
Physics of Everyday Phenomena, by W. Thomas Griffith

METHOD OF INSTRUCTION:

Lecture: Didactic presentations will include lecture and demonstrations.

Laboratory: Laboratory will be a "hands-on" process.

Method of Evaluation: A student's grade will be based on multiple measures of performance.
The assessment will measure development of independent critical thinking skills and will include
evaluation of the student’s ability to:

1. perform the manipulative skills of the craft as required to satisfactorily complete
laboratory assignments

apply theory to laboratory assignments

satisfactorily perform on written, oral, and practical examinations

satisfactorily perform on outside assignments including writing assignments

contribute to class discussions

maintain attendance per current policy

follow all shop rules and safety regulations as stated in the laboratory manual

NownkwbN

LECTURE OUTLINE:

Lecture Topics Text Reference Page Contact Hrs.
Electrostatic Forces and Fields 10
Charges :

Identify the units of charge
Conservation of Charge
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State the law of conservation
of charge
Conductors and Insulators
Explain and demonstrate the
difference between
conductors and
insulators
Coulomb’s Law
Use Coulomb’s law to
calculate the force
between point charges
Electric Potential
Compute the potential
difference between
two points in an electric

field
Capacitors .
Define capacitance and identify
its units

Calculate the capacitance of
two parallel plates
Magnetism
Magnetic Fields
Define the concepts of a
magnetic field and
identify the units of the
magnetic field
Determine the magnitude and
direction of the magnetic
field produced by
straight wires, loops
and solenoids
Magpnetic Forces
Explain the forces related to
charge in motion
Manual and Self-Inductance
Calculate the magnitude and
direction of an induced
EMF using Faraday’s
law and Lenz’s law
Generators and Transformers
State the principles associated
with the behavior of
motors and generators
Explain the principles associated
with the behavior of
transformers
Circuit Elements and Theory
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Direct Current Circuits
Ohm’s Law
Calculate the current, EMF,
and effective resistance
of series and parallel
circuits
Kirchoff’s Rules
Calculate the current at any .
point and the potential
difference between any
two points in a circuit
using Kirchoff’s rules
Alternating Current Circuits
Resistance
Calculate resistance
Reactance
Calculate the reactance
Inductance
Calculate the inductance
Phase Angles
Calculate the phase angles
Capacitance
Calculate the capacitance
Power
Calculate the reactance,
impedance, current,
voltage, power factor,
power, and phase
angle in AC circuits
Electromagnetic Waves 10
Maxwell’s Equations
Recognize Maxwell’s equations
Electromagnetic Wave Speed
Explain the relationship between
the frequency,
wavelength, and speed of
electromagnetic waves
Electromagnetic Wave Energy
Explain the transport of energy by
electromagnetic waves
Electromagnetic Spectrum
List the various types of
electromagnetic waves
according to their respective
wavelengths

Total Lecture Hours 40
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LAB OUTLINE:
Lab Topics Contact Hrs.
Electrostatic Forces and Fields 9
Charges

Conservation of Charge

Conductors and Insulators

Coulomb’s Law

Electric Potential

Capacitors

Magnetism 6

Magnetic Fields

Magnetic Forces

Manual and Self-Inductance

Lenz’s law

Generators and Transformers

Circuit Elements and Theory 9

Direct Current Circuits

Ohm’s Law

Kirchoff’s Rules

Alternating Current Circuits

Resistance

Reactance

Inductance

Phase Angles

Capacitance

Power

Electromagnetic Waves 6

Maxwell’s Equations

Electromagnetic Wave Speed

Electromagnetic Wave Energy

Electromagnetic Spectrum
Total Lab Hours 30

COURSE OBJECTIVES: TECHNICAL COMPETENCIES

After the successful completion of this course the student will be able to:
A. PRACTICE SAFETY
1. Follow Safety Manuals and All Safety Regulations/Requirements

a. Assume responsibility for the personal safety of oneself and others
b. Develop a personal attitude towards safety
c. Interpret safety manual directives
d. Comply with established company safety practices
2. Use Protective Equipment
a. .Wear protective safety clothing as required
b. Locate and properly use protective equipment
C. Use lifting aids when necessary
3. Follow Safe Operating Procedures for Hand and Power Tools

110




a. Identify and understand safe machine operating procedures
b. Demonstrate safe machine operation

Maintain a Clean and Safe Work Environment

a. Keep work areas clean

b. Clean machine/hand tools when work is completed

c. Put tools away when work is finished

d. Keep aisles clear of equipment and materials

B. MAINTAIN CONTROL SYSTEMS

iU~

Collect and Record Data According to Company Requirements
Function Check Individual Elements Within Loop

Test Different Types of System Modules

Simulate Control System Check

Perform On-Line Testing

COURSE OBJECTIVES: SCANS COMPETENCIES

The Secretary’s Commission on Achieving Necessary Skills (SCANS), U.S. Department of
Labor, has identified in its “AMERICA 2000 REPORT” that all students should develop a new
set of competencies and foundation skills if they are to enjoy a productive, full and satisfying life.
These are in addition to the Technical Workplace Competencies required by industry. SCANS is
made up of five competencies and a three-part foundation of skills and personal qualities that are
needed for solid job performance.

The following activities will be performed by each student for successful completion of this

course:

.  COMPETENCIES

A

Resources: Identifies, organizes, plans, and allocates resources

1. follows a schedule to complete assigned tasks on time

2. determine the initial cost of materials and "value added" as result of work -

3. complete a stock request form for required material

4, provide a self-evaluation of performance based on the time and quality of
work

Interpersonal: Works with others

1. complete assigned responsibilities within the shop floor serving as a
member of the team

2. provide individual assistance/direction to peers as requested

3. perform work to acceptable levels of quality as required

4. works well with all members of the class

Information: Acquires and uses information

1. read and interpret blueprints

2. organize and apply theories of machine tool operation

3. perform basic semi-precision and precision layout as necessary

Systems: Understands complex inter-relationships

1. demonstrate knowledge of the following systems:

a. laboratory organization structure: physical and social
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E.

b organization of personnel and facilities on the shop floor
c systematic approach to the mechanical process

d. dimensioning and measurement systems

e systematic organization of training materials

monitors and corrects performance during

a. the practical process

b. adjustments of individual laboratory work schedule

c. " constantly evaluating the quality of work to achieve acceptable
standards

d. maintains record of evaluations and sets individual goals

Technology: Works with a variety of technologies

1.
2.

chooses procedure, tools and equipment required to perform the task
applies appropriate procedures and uses appropriate tools and equipment
to perform the mechanical task to acceptable standards

maintains and troubleshoots equipment

a. applies appropriate preventative maintenance

b when operating machines

C. reports all malfunctions of equipment to supervisor/instructor

d perform clean-up assignments of equipment and shop floor at the
end of the laboratory

I FOUNDATION SKILLS
Basic Skills: Reads, writes, performs arithmetic and mathematical operations,
listens and speaks.

A

L

Reading: Locates, understands, and interprets written information in
prose and in documents such as manuals, graphs, and schedules

a. studies student laboratory manual

b. interprets blueprints and technical drawings

C. read/studies textbook

d follow a daily laboratory schedule to maintain appropriate time-line

and task completion
Writing: Communicates thoughts, ideas, information, and messages in
writing; and creates documents such as letters, directions, manuals,
reports, graphs, and flow charts

a. outline the steps necessary to perform a mechanical task
b. maintain a lecture notebook

C. submit written responses to chapter question assignments
d. complete all written assignments

Arithmetic/Mathematics: Perform basic computations and approaches
practical problems by choosing approprtately from a variety of
mathematical techniques

a. keeps a running computation of individual grade
b. performs mathematical computations necessary to understand
course

Listening: Receives, attends to, interprets, and responds to verbal
messages and other cues

a. assimilate classroom instruction

b.  interpret and assimilate video instruction



c. observe laboratory demonstrations
d. seek and receive individualized instruction in the laboratory
5. Speaking: Organizes ideas and communicates orally
a. participates in classroom discussions
b. organize ideas and communicate specific questions to the instructor
C. verbally affirms understanding of a concept, procedure, or required
skill
d. communicates with peers to ensure the smooth and safe operation
of the laboratory
B. Thinking Skills: Thinks creatively, makes decisions, solves problems, visualizes,
knows how to learn and reasons.
L Decision Making: Specifies goals and constraints, generates alternatives,
considers risks, and evaluates and chooses best alternative
a. identifies personal goals
b. identifies actions required to accomplish personal goals
2. Problem Solving: Recognizes problems and devises and implements plan
of action
a. makes daily accommodations to stay on schedule
b. seeks additional instruction/clarification for assignment completion
C. balances social and academic life/responsibilities
d. accepts responsibility

3. Seeing Things In the Mind's Eye: Organizes, and processes symbols,
pictures, graphs, objects, and other information

a. interprets technical drawings
b. interprets technical illustrations and symbols
c. understands both written and verbal instructions
d. assimilates process during instructor demonstrations
4 Knowing How to Learn: Use efficient learning techniques to acquire and
apply new knowledge and skills
a. demonstrate mastery of the basic skills and techmques
b. use these sequential skills to support mastery of new skills
C. understand the sequential nature of acquired skills and the
subsequent knowledge application of new skills and techniques
5. Reasoning: Discovers a rule or principle underlying the relationship
between two or more objects and applies it when solving a problem
a. understands that practice may not make it perfect but it certainly
will improve the skill of the operator
b. understands that the quality of the product is a function of the time
of the operation and the attitude and. skill of the machinist
C. understands the relationship between different metals and the tool
applied to the metal surface and adjusts machining parameters
accordingly

C Personal Qualities: Displays responsibility, self-esteem, sociability, self-
management, and integrity and honesty.
L Responsibility: Exerts a high level of effort and perseveres towards goal
attainment
a. develops an understanding that in order to be successful you must
be a "good" student
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b. develops an understanding that a "good" student is the one who is
prompt to every class and has prepared for the day's work

c. develops an understanding good students know what they are going
to do in class and does not waste time

d. develops a fine work-ethic

2. Self-Esteem: Believes in own self-worth and maintains a positive view of

self

a. learns to take pride in his or her work through positive
reinforcement -

b. sees himself or herself as an asset to the class through continued
contributions to the group and a shared common goal

c. understands that an individual with a positive attitude and the belief

in their own abilities will systematically seek solutions and be a

valuable employee

3. Sociability: Demonstrates understanding, friendliness, adaptability,

empathy, and politeness in group settings

a. assist classmates in improving technical skills

b. assist students with special needs as a peer mentor

c. share laboratory resources (machines, tools and instructor's
individual attention) :

Self-Management: Assesses self accurately, sets personal goals,

monitors progress, and exhibits self-control

a. maintain a record of academic achievement (individual grade book)

b. make accommodations to laboratory schedules due to broken
equipment/tools

c. accept the responsibility for self-management

5. Integrity/Honesty: Chooses ethical courses of action

a. accept the responsibility for own actions

b. exhibit personal honesty at all times

c. accept the challenge of doing your own work in the laboratory,
during examination, and on outside assignments

d. understand the consequences of unethical behaviors
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MAST PROGRAM

COURSE SYLLABUS
AC CIRCUIT ANALYSIS I

“

Lecture hours/week: 4 Lab hours/week: 3 Credit hours: 5

COURSE DESCRIPTION:

Emphasizes knowledge and ability to analyze AC circuits. Topics include: magnetism
inductance\capacitance, alternating current, AC network theorems, admittance, impedance,

phasors, complex power and applications and use of appropriate instruments. Laboratory work
parallels class work. '

PREREQUISITE: DC Circuit Analysis and College Trigonometry

REQUIRED COURSE MATERIALS:

Textbook: ntr ory Circuit Analysis, Boylstad, S5th Edition
Introduction to Electric Circuits, Jackson, H. W.

METHOD OF INSTRUCTION:

Lecture: Didactic presentations will include lecture and demonstrations.
Laboratory: Laboratory will be a "hands-on" process.

Method of Evaluation: A student's grade will be based on multiple measures of performance.

The assessment will measure development of independent critical thinking skills and will include

evaluation of the student’s ability to:

1. perform the manipulative skills of the craft as required to satisfactorily complete
laboratory assignments

2. apply theory to laboratory assignments
3. satisfactorily perform on written, oral, and practical examinations
4, satisfactorily perform on outside assignments including writing assignments
5. contribute to class discussions
6. maintain attendance per current policy
7. follow all shop rules and safety regulations as stated in the laboratory manual
LECTURE OUTLINE:
Lecture Topics Text Reference Page Contact Hrs.
AC Network Theorems 6

Thevenin’s Theorem
Analyze complex network
Thevenin’s Theorem
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Norton’s Theorem
Analyze a complex network
using Norton’s Theorem
Admittance
Admittance Calculations
Calculate the admittance of an
AC circuit
Impedance

- Impedance Calculations

Calculate the impedance in a
: complex circuit
Phasors
AC Voltage and Current
Calculate voltage and current
calculations in an AC
circuit using phasor
analysis
Complex Power
Circuit Reduction
Reduce a complex network to
an equivalent circuit
using analysis technique
Average Power
Calculate the average power in
an AC circuit
Reactive Power
Calculate the reactive power in
an AC circuit
Apparent Power
Calculate the apparent power in
an AC circuit
Applications and Use of
Instruments
Voltmeters
Measure AC voltage using a
voltmeter
Ammeters
Measure AC current using an
ammeter
Oscilloscope
Measure voltage and frequency
using an oscilloscope

LAB OUTLINE:

Total Lecture Hours 40

Lab Topics

Contact Hrs.

AC Network Theorems
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Thevenin’s Theorem
Norton’s Theorem

Admittance S
Admittance Calculations
Impedance 5
Impedance Calculations
Phasors S
AC Voltage and Current
Complex Power ’ 5

Circuit Reduction
Average Power
Reactive Power
Apparent Power

Applications and Use of Instruments 5

Voltmeters

Ammeters

Oscilloscope —
Total Lab Hours 30

COURSE OBJECTIVES: TECHNICAL COMPETENCIES

After the successful completion of this course the student will be able to:
A. PRACTICE SAFETY
1. Follow Safety Manuals and All Safety Regulations/Requirements

a. Assume responsibility for the personal safety of oneself and others
b. Develop a personal attitude towards safety
c. Interpret safety manual directives
d Comply with established company safety practices
2. Use Protective Equipment
a. Wear protective safety clothing as required
b. Locate and properly use protective equipment
c. Use lifting aids when necessary
3. Follow Safe Operating Procedures for Hand and Power Tools
a. Identify and understand safe machine operating procedures
b. Demonstrate safe machine operation
4. Maintain a Clean and Safe Work Environment
a. Keep work areas clean
b. Clean machine/hand tools when work is completed
c. Put tools away when work is finished
d. Keep aisles clear of equipment and materials

B. MAINTAIN CONTROL SYSTEMS

Collect and Record Data According to Company Requirements
Perform Preventive Maintenance Procedures for Control Devices
Test Different Types of System Modules

Simulate Control System Check

Perform On-Line Testing
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COURSE OBJECTIVES: SCANS COMPETENCIES

The Secretary's Commission on Achieving Necessary Skills (SCANS), U.S. Department of Labor,
has identified in its “AMERICA 2000 REPORT” that all students should develop a new set of
competencies and foundation skills if they are to enjoy a productive, full and satisfying life.
These are in addition to the Technical Workplace Competencies required by industry. SCANS is
made up of five competencies and a three-part foundation of skills and personal qualities that
are needed for solid job performance.

The following activities will be performed by each student for successful completion of this
course:

L COMPETENCIES

A Resources: Identifies, organizes, plans, and allocates resources
1. follows a schedule to complete assigned tasks on time
2 determine the initial cost of materials and "value added" as result of work
3. complete a stock request form for required material
4 provide a self-evaluation of performance based on the time and quality of
work
B. Interpersonal: Works with others
1. complete assigned responsibilities within the shop floor serving as a
member of the team
2. provide individual assistance/direction to peers as requested
3. perform work to acceptable levels of quality as required
4. works well with all members of the class
C Information: Acquires and uses information
1. read and interpret blueprints
2. organize and apply theories of machine tool operation
3. perform basic semi-precision and precision layout as necessary
D. Systems: Understands complex inter-relationships
1. demonstrate knowledge of the following systems:

a laboratory organization structure: physical and social

b organization of personnel and facilities on the shop floor
C. systematic approach to the mechanical process

d dimensioning and measurement systems

e systematic organization of training materials

2. monitors and corrects performance during
a. the practical process .
b. adjustments of individual laboratory work schedule
C. constantly evaluating the quality of work to achieve acceptable
standards
d. maintains record of evaluations and sets individual goals
E. Technology: Works with a variety of technologies
1. chooses procedure, tools and equipment required to perform the task
2. applies appropriate procedures and uses appropriate tools and equipment
to perform the mechanical task to acceptable standards
3. maintains and troubleshoots equipment
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applies appropriate preventative maintenance

when operating machines

reports all malfunctions of equipment to supervisor/instructor
perform clean-up assignments of equipment and shop floor at the
end of the laboratory

a0 ow

II. FOUNDATION SKILLS
A Basic Skills: Reads, writes, performs arithmetic and mathematical operations,
listens and speaks.
1 Reading: Locates, understands, and interprets written information in
prose and in documents such as manuals, graphs, and schedules
a. studies student laboratory manual
b. interprets blueprints and technical drawings
c. read/studies textbook
d follow a daily laboratory schedule to maintain appropriate time-line
and task completion
2, Writing: Communicates thoughts, ideas, information, and messages in
writing; and creates documents such as letters, directions, manuals,
reports, graphs, and flow charts

a. outline the steps necessary to perform a mechanical task
b. maintain a lecture notebook
c. submit written responses to chapter question assignments
d. complete all written assignments
3. Arithmetic/Mathematics: Perform basic computations and approaches

practical problems by choosing appropriately from a variety of
mathematical techniques

a. keeps a running computation of individual grade
b. performs mathematical computations necessary to understand
course
4. Listening: Receives, attends to, interprets, and responds to verbal
messages and other cues
a. assimilate classroom instruction
b. interpret and assimilate video instruction
c. observe laboratory demonstrations
d. seek and receive individualized instruction in the laboratory
5. Speaking: Organizes ideas and communicates orally
a. participates in classroom discussions
b. organize ideas and communicate specific questions to the instructor
c. verbally affirms understanding of a concept, procedure, or required
skill
d. communicates with peers to ensure the smooth and safe operation
of the laboratory
B. Thinking Skills: Thinks creatively, makes decisions, solves problems, visualizes,
‘ knows how to learn and reasons.
L Decision Making: Specifies goals and constraints, generates alternatives,
considers risks, and evaluates and chooses best alternative
a. identifies personal goals
b. identifies actions required to accomplish personal goals
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Problem Solving: Recognizes problems and devises and implemehts plan
of action ‘

a. makes daily accommodations to stay on schedule

b. seeks additional instruction/clarification for assignment completion
C. balances social and academic life/responsibilities

d. accepts responsibility

Seeing Things In the Mind's Eye: Organizes, and processes symbols,
pictures, graphs, objects, and other information

a. interprets technical drawings

b. interprets technical illustrations and symbols

C. understands both written and verbal instructions

d. assimilates process during instructor demonstrations

Knowing How to Learn: Use efficient learning techniques to acquire and
apply new knowledge and skills

a. demonstrate mastery of the basic skills and techniques
b. use these sequential skills to support mastery of new skills
c. understand the sequential nature of acquired skills and the

subsequent knowledge application of new skills and techniques
Reasoning: Discovers a rule or principle underlying the relationship
between two or more objects and applies it when solving a problem

a. understands that practice may not make it perfect but it certainly
will improve the skill of the operator

b. understands that the quality of the product is a function of the time
of the operation and the attitude and skill of the machinist

c. understands the relationship between different metals and the tool

applied to the metal surface and adjusts machining parameters
accordingly

C Personal Qualities: Displays responsibility, self-esteem, sociability, self-
management, and integrity and honesty.

1.

Responsibility: Exerts a high level of effort and perseveres towards goal
attainment

a. develops an understanding that in order to be successful you must
be a "good" student

b. develops an understanding that a "good" student is the one who is
prompt to every class and has prepared for the day's work

C. develops an understanding good students know what they are going
to do in class and does not waste time

d develops a fine work-ethic

Self-Esteem: Believes in own self-worth and maintains a positive view of

self

a. learns to take pride in his or her work through positive
reinforcement

b. sees himself or herself as an asset to the class through continued
contributions to the group and a shared common goal

c. understands that an individual with a positive attitude and the belief

in their own abilities will systematically seek solutions and be a
valuable employee
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Sociability: Demonstrates understanding, friendliness, adaptability,
empathy, and politeness in group settings

a. assist classmates in improving technical skills
b. assist students with special needs as a peer mentor
c. share laboratory resources (machines, tools and instructor's

individual attention)
Self-Management: Assesses self accurately, sets personal goals,
monitors progress, and exhibits self-control

a. maintain a record of academic achievement (individual grade book)

b. make accommodations to laboratory schedules due to broken
equipment/tools

c. accept the responsibility for self-management

Integrity/Honesty: Chooses ethical courses of action

a. accept the responsibility for own actions

b. exhibit personal honesty at all times

c. accept the challenge of doing your own work in the laboratory,
during examination, and on outside assignments

d. understand the consequences of unethical behaviors
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MAST PROGRAM
COURSE SYLLABUS
ELECTRONIC DEVICES

“

Lecture hours/week: 4 Lab hours/week: 3 Credit hours: 5

COURSE DESCRIPTION:

Introduces the conduction process in semi-conductor materials. Topics include: semi-conductor
physics; diodes; biasing; stability; and graphical analysis of bipolar junction transistors and field
effect transistors; an introduction to silicon controlled rectifiers; device curve characteristics and
related devices with selected applications. Laboratory work parallels class work.

PREREQUISITE: DC Circuit Analysis, Composition & Rhetoric I, and College
Trigonometry

REQUIRED COURSE MATERIALS:

Textbook: Introduction to Electronic Devices
Lab Manual: ntroduction to Electronic Devi

Hand Tools/Quantity Required:

VOM 1

Scope 1

Hand Tools Varies

Calculator 1

METHOD OF INSTRUCTION:

Lecture: Didactic presentations will include lecture, video and demonstrations.

Laboratory: Laboratory will be a "hands-on" process.

Method of Evaluation: A student's grade will be based on multiple measures of performance.
The assessment will measure development of independent critical thinking skills and will include
evaluation of the student’s ability to:

1. perform the manipulative skills of the craft as required to satisfactorily complete
laboratory assignments

apply theory to laboratory assignments

satisfactorily perform on written, oral, and practical examinations

satisfactorily perform on outside assignments including writing assignments

contribute to class discussions

maintain attendance per current policy

follow all shop rules and safety regulations as stated in the laboratory manual

NownwswD

126

‘,
-l R G N ¥ O E W

R R .

. \ 8
\



X

M TR TS Ny = I

.

LECTURE OUTLINE:

Lecture Topics Text Reference Page

Contact Hrs.

Semi-Conductor Physics
Atomic Theory for Semi-Conductors
Determine the number of
electrons in each
shell for copper, silicon
and germanium
Silicon and Germanium Conduction
Explain majority and minority
current
PN Junctions
Explain the depletion region
in a PN junction
Diodes
Diode Models
Draw the model for an ideal
and practical diode
Diode Applications
Identify clipping and clamping
circuits
Bipolar Junction Transistors
PNP and NPN Atomic Characteristics
Draw the forward and reverse
characteristics for a PN
junction
BJT Operation
Explain the current flow in
aBJT
Draw the symbols for a PNP
and a NPN BJT
Amplifying Action
Explain how gain is achieved
in a transistor
Circuit Configurations: Common
Base (CB), Common Emitter (CE),
Common Collector (CC)
Explain the characteristics
for each transistor
configuration
Specification Sheets
List the maximum ratings
for BJTs
Transistor Biasing
List the four (4) main types
of DC biasing networks
Field Effect Transistors
Junction Field Transistors
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Explain the operation of the
junction field effect
transistor

JFET Biasing Circuits
Depletion MOSFET Biasing Circuits
Identify the three (3) main
DC biasing networks

Enhancing MOSFET Biasing Circuits
Silicon Controlled Rectifiers 4
Thyistor Concepts
Zener Diodes
Diacs and Triacs Circuit

Applications
Tunnel Diodes and Unijunction

Transistors

Explain the operation of
SCRs thyristors,

Zener diodes, diacs
and triacs, tunnel
diodes, and
unijunctional
transistors
Device Curve Characteristics - 4
Device Characteristics Plotting
(Using Curve Tracer and
Laboratory Equipment)

Draw the input and/or
output characteristics
for the following
devices: BFT, JFET,
depletion MOSFET,
enhancement MOSFET,
SCR, tracer, Zener
diode, and regular diode

Total Lecture Hours 40

LAB OUTLINE:

Lab Topics Contact Hrs.

Diodes : 15
Diode Models
Diode Applications
Bipolar Junction Transistors 9
PNP and NPN Atomic Characteristics '
BJT Operation
Amplifying Action
Circuit Configurations: Common Base (CB), Common Emitter (CE),
Common Collector (CC)
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Specification Sheets

Transistor Biasing

Field Effect Transistors

Junction Field Transistors

JFET Biasing Circuits

Depletion MOSFET Biasing Circuits
Enhancing MOSFET Biasing Circuits
Silicon Controlled Rectifiers
Thyistor Concepts

Zener Diodes

Diacs and Triacs Circuit Applications
Tunnel Diodes and Unijunction Transistors

Total Lab Hours

COURSE OBJECTIVES: TECHNICAL COMPETENCIES

After the successful completion of this course the student will be able to:
A. PRACTICE SAFETY

1. Follow Safety Manuals and All Safety Regulations/Requirements
a. Assume responsibility for the personal safety of oneself and others
b. Develop a personal attitude towards safety
C. Interpret safety manual directives
d. Comply with-established company safety practices
2. Use Protective Equipment
a. Wear protective safety clothing as required
b. Locate and properly use protective equipment
c. Use lifting aids when necessary :
3. Follow Safe Operating Procedures for Hand and Power Tools
a. Identify and understand safe machine operating procedures
b. Demonstrate safe machine operation
4, Maintain a Clean and Safe Work Environment
a. Keep work areas clean
b. Clean machine/hand tools when work is completed
c. Put tools away when work is finished
d. Keep aisles clear of equipment and materials

B. MAINTAIN CONTROL SYSTEMS

Proper Storage of Circuit Boards

Collect and Record Data According to Company Requirements
Test and Calibrate Transducers According to Specs

Perform Preventive Maintenance Procedures for Control Devices
Test and/or Replace Printed Circuit Boards

Function Check Individual Elements Within Loop
Troubleshoot Different Types of System Modules

Test Different Types of System Modules

Configure Software

Repair Different Types of System Modules

Install Control System Hardware
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12.
13.
14.

15.

Simulate Control System Check

Loop-Check Control System

Perform On-Line Testing

Troubleshoot and Maintain PLCs and Motor Control Systems

C. MAINTAIN FIELD INSTRUMENTATION DEVICES

1.
2.

Test and Clean Video Display Unit
Check and Adjust Video Display Unit

COURSE OBJECTIVES: SCANS COMPETENCIES

The Secretary’s Commission on Achieving Necessary Skills (SCANS), U.S. Departmént of Labor,

has identified in its “AMERICA 2000 REPORT” that all students should develop a new set of
competencies and foundation skills if they are to enjoy a productive, full and satisfying life.
These are in addition to the Technical Workplace Competencies required by industry. SCANS is
made up of five competencies and a three-part foundation of skills and personal qualities that
are needed for solid job performance.

The following activities will be performed by each student for successful completion of this

course:

L COMPETENCIES

A.

Resources: Identifies, organizes, plans, and allocates resources

1. follows a schedule to complete assigned tasks on time
2 determine the initial cost of materials and "value added" as result of work
3. complete a stock request form for required material
4 provide a self-evaluation of performance based on the time and quality of
work
Interpersonal: Works with others
1. complete assigned responsibilities within the shop floor serving as a
member of the team
2. provide individual assistance/direction to peers as requested
3. perform work to acceptable levels of quality as required
4, works well with all members of the class
Information: Acquires and uses information
1. read and interpret blueprints
2. organize and apply theories of machine tool operation
3. perform basic semi-precision and precision layout as necessary
Systems: Understands complex inter-relationships
1. demonstrate knowledge of the following systems:
a. laboratory organization structure: physical and social
b organization of personnel and facilities on the shop floor
c. systematic approach to the mechanical process
d. dimensioning and measurement systems
e systematic organization of training materials
2. monitors and corrects performance during
a. the practical process
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b. adjustments of individual laboratory work schedule

C. constantly evaluating the quality of work to achieve acceptable
standards

d. maintains record of evaluations and sets individual goals

E. Technology: Works with a variety of technologies
1.
2.

chooses procedure, tools and equipment required to perform the task
applies appropriate procedures and uses appropriate tools and equipment
to perform the mechanical task to acceptable standards

maintains and troubleshoots equipment

a. applies appropriate preventative maintenance

b when operating machines

C. reports all malfunctions of equipment to supervisor/instructor

d perform clean-up assignments of equipment and shop floor at the

end of the laboratory

IL FOUNDATION SKILLS .
A Basic Skills: Reads, writes, performs arithmetic and mathematical operations,
listens and speatks.
L

Reading: Locates, understands, and interprets written information in
prose and in documents such as manuals, graphs, and schedules

a. studies student laboratory manual

b. interprets blueprints and technical drawings

c. read/studies textbook

d follow a daily laboratory schedule to maintain appropriate time-line

and task completion
Writing: Communicates thoughts, ideas, information, and messages in
writing; and creates documents such as letters, directions, manuals,
reports, graphs, and flow charts

a. outline the steps necessary to perform a mechanical task

b. maintain a lecture notebook

C. submit written responses to chapter question assignments
.d. complete all written assignments

Arithmetic/Mathematics: Perform basic computations and approaches
practical problems by choosing appropriately from a variety of
mathematical techniques

a. keeps a running computation of individual grade
b. performs mathematical computations necessary to understand
course

Listening: Receives, attends to, interprets, and responds to verbal
messages and other cues -

a. assimilate classroom instruction

b. interpret and assimilate video instruction

C. observe laboratory demonstrations

d. seek and receive individualized instruction in the laboratory
Speaking: Organizes ideas and communicates orally

a. participates in classroom discussions

b. organize ideas and communicate specific questions to the instructor
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c. verbally affirms understanding of a concept, procedure, or required
skill
d. communicates with peers to ensure the smooth and safe operation
of the laboratory
B. Thinking Skills: Thinks creatively, makes decisions, solves problems, visualizes,
knows how to learn and reasons.
L Decision Making: Specifies goals and constraints, generates alternatives,
considers risks, and evaluates and chooses best alternative
a. identifies personal goals
b. identifies actions required to accomplish personal goals
2. Problem Solving: Recognizes problems and devises and implements plan
of action
a. makes daily accommodations to stay on schedule
b. seeks additional instruction/clarification for assignment completion
c. balances social and academic life/responsibilities
d. accepts responsibility ,
3. Seeing Things In the Mind's Eye: Organizes, and processes symbols,
pictures, graphs, objects, and other information
a. interprets technical drawings
b. interprets technical illustrations and symbols
c. understands both written and verbal instructions
d. assimilates process during instructor demonstrations
4. Knowing How to Learn: Use efficient learning techniques to acquire and
apply new knowledge and skills
a. demonstrate mastery of the basic skills and techniques
b. use these sequential skills to support mastery of new skills
c. understand the sequential nature of acquired skills and the
subsequent knowledge application of new skills and techniques
5. Reasoning: Discovers a rule or principle underlying the relationship

between two or more objects and applies it when solving a problem

a. understands that practice may not make it perfect but it certainly
will improve the skill of the operator

b. understands that the quality of the product is a function of the time
of the operation and the attitude and skill of the machinist

c. understands the relationship between different metals and the tool
applied to the metal surface and adjusts machining parameters
accordingly

C Personal Qualities: Displays responsibility, self-esteem, sociability, self-
management, and integrity and honesty.

L

Responsibility: Exerts a high level of effort and perseveres towards goal
attainment

a. develops an understanding that in order to be successful you must
be a "good" student '

b. develops an understanding that a "good" student is the one who is
prompt to every class and has prepared for the day's work

c. develops an understanding good students know what they are going
to do in class and does not waste time .

d. develops a fine work-ethic
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Self-Esteem: Believes in own self-worth and maintains a positive view of

self

a. learns to take pride in his or her work through positive
reinforcement :

b. sees himself or herself as an asset to the class through continued
contributions to the group and a shared common goal

c. understands that an individual with a positive attitude and the belief

in their own abilities will systematically seek solutions and be a
valuable employee
Sociability: Demonstrates understanding, friendliness, adaptability,
empathy, and politeness in group settings

a. assist classmates in improving technical skills
b. assist students with special needs as a peer mentor
C. share laboratory resources (machines, tools and instructor's

individual attention)
Self-Management: Assesses self accurately, sets personal goals,
monitors progress, and exhibits self-control

a. maintain a record of academic achievement (individual grade book)

b. make accommodations to laboratory schedules due to broken
equipment/tools

c. accept the responsibility for self-management

Integrity/Honesty: Chooses ethical courses of action

a. accept the responsibility for own actions

b. exhibit personal honesty at all times

c. accept the challenge of doing your own work in the laboratory,
during examination, and on outside assignments

d. understand the consequences of unethical behaviors
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MAST PROGRAM

COURSE SYLLABUS
FLUIDS, HEAT, SOUND, AND LIGHT

Lecture hours/week: 4 Lab hours/week: 3 Credit hours: 5§

COURSE DESCRIPTION:

The third of three courses in the calculus based physics sequence. The course is an introduction

to the physics of waves, geometrical optics and thermal physics. Laboratory exercises supplement

class work. Computer use is an integral part of the class and laboratory assignments.

PREREQUISITE: Mechanics

REQUIRED COURSE MATERIALS:

Textbook: University Physics, by William Crummet and Author B. Western
METHOD OF INSTRUCTION:
Lecture: Didactic presentations will include demonstrations.

Laboratory: Laboratory will be a "hands-on" process.

Method of Evaluation: A student's grade will be based on multiple measures of performance.
The assessment will measure development of independent critical thinking skills and will include
evaluation of the student’s ability to:

1.

Nowbkwubn

perform the manipulative skills of the craft as required to satisfactorily complete
laboratory assignments

apply theory to laboratory assignments

satisfactorily perform on written, oral, and practical examinations

satisfactorily perform on outside assignments including writing assignments
contribute to class discussions

maintain attendance per current policy

follow all shop rules and safety regulations as stated in the laboratory manual

LECTURE OUTLINE:

Lecture Topics Text Reference Page Contact Hrs.

Statics and Dynamics of Fluids 5
States of Matter
Define the three states of
matter
Density
Define density and identify
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its units
Pressure
Define pressure and identify
its units

Determine the pressure in a
fluid column of known
density

Archimedes’ Principle

Determine the buoyant force

of an object
Bernoulli’s Equation

Solve problems with

Bernoulli’s equation
Heat Transfer
Quantity of Heat

Explain the difference between
the terms of heat
energy and internal
energy

Identify the units of heat energy

Calorimetry
Solve calorimetry problems
Thermal Expansion

Solve problems on thermal
expansion with the
expansion coefficients

Heat Transfer

Explain the three basic avenues

of heat transfer
Thermodynamics
State Variables

Explain the concept of a state

variable
First Law of Thermodynamics

Solve problems using the first

law of thermodynamics
Typical Processes in Gases

Explain the four basic
thermodynamic processes
and the concept of a cyclic
thermodynamic process

Demonstrate the use of P-V
diagrams

Heat Engines
Define the thermal efficiency
Determine the efficiency of a
heat engine
Second Law of Thermodynamics

frast
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Explain the second law of
thermodynamics
Harmonic Motion :
Stress
Define stress and identify its
units
Calculate stress
Strain
Define strain and identify its
units
Moduli of Elasticity
Calculate the moduli of
elasticity
Simple Harmonic Motion
Solve problems involving
simple harmonic
motion
Wave Motion
Mechanical Waves
Define the terms used to
describe the properties
of waves
Reflection of Waves
Explain wave reflection and the
principle of superposition
Explain standing waves
Compute wavelength, frequency,
and speed of various
types of waves
Explain the difference between
transverse and longitudinal
waves
Sound
Sound Waves
Explain the nature of sound as a
compressional wave
Intensity
Explain the concepts of intensity
and intensity level
Beats
Explain the phenomenon of beats
Resonance
Compute the resonant frequency
of a system given
appropriate data
Doppler Effect
Explain the Doppler effect and
compute frequency shift
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given appropriate data
Properties of Light
Speed of Light
Determine the speed of light
in various media
Wave-Particle Duality
Demonstrate knowledge of dual
nature of light
Reflection
Explain reflection and image
formation by plane and
spherical mirrors
Refraction
Explain refraction and image
formation by lenses
Solve problems using Snell’s law
Interface and Diffraction
Explain double slit interference
patterns
Explain the behavior of
diffraction gratings

LAB OUTLINE:

Total Lecture Hours

10

Lab Topics

Contact Hrs.

Liquids

Temperature and Heat
Thermodynamics I
Momentum

One Dimensional Waves
Sound

Reflection, Refraction and Polarization of Light

Total Lab Hours

COURSE OBJECTIVES: TECHNICAL COMPETENCIES

S|
QI D b bWOAW

After the successful completion of this course the student will be able to:

A‘

PRACTICE SAFETY
1. Follow Safety Manuals and All Safety Regulations/Requirements
a. Assume responsibility for the personal safety of oneself and others
b. Develop a personal attitude towards safety
c. Interpret safety manual directives
d. Comply with established company safety practices
2. Use Protective Equipment
a. Wear protective safety clothing as required
b. Locate and properly use protective equipment
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C. Use lifting aids when necessary

Follow Safe Operating Procedures for Hand and Power Tools

a. Identify and understand safe machine operating procedures
b. Demonstrate safe machine operation

Maintain a Clean and Safe Work Environment

a. Keep work areas clean

b. Clean machine/hand tools when work is completed

c. Put tools away when work is finished

d. Keep aisles clear of equipment and materials

MAINTAIN CONTROL SYSTEMS

1. Proper Storage of Circuit Boards
2. Collect and Record Data According to Company Requirements
3. Test and Calibrate Transducers According to Specs
4, Perform Preventive Maintenance Procedures for Control Devices
5. Test and/or Replace Printed Circuit Boards
6. Function Check Individual Elements Within Loop
7. Troubleshoot Different Types of System Modules
8. Test Different Types of System Modules
9. Configure Software
10.  Repair Different Types of System Modules
11.  Install Control System Hardware
12.  Simulate Control System Check
13.  Loop-Check Control System
14.  Perform On-Line Testing
15. Troubleshoot and Maintain PLCs and Motor Control Systems
MAINTAIN FIELD INSTRUMENTATION DEVICES
1. Test and Calibrate Pressure, Level, Flow, Temperature Switches
2. Troubleshoot and Repair Pressure, Level, Flow, Temperature Switches
3. Test and Calibrate Indicators and Gauges
4, Troubleshoot and Repair Indicators
5. Test and Calibrate Transmitters
6. Test Different Field Sensing Elements
a. flow
b. temperature
c. pressure
d. level
7. Check and Test Vibration Sensing Elements
8. Specify and Configure Smart Field Devnces i.e., Transmitters and Valves
ORGANIZE WORK ROUTINES
1. Organize Documents and Drawings Required on the Job
2. Determine Proper Tools/Equipment/Materials to Perform the Job
3. Verify Equipment Isolation Prior to Performance of Work for Safety Reasons
COLLECT AND FILE DATA
1. Record Test/Calibration Data
2. Evaluate Collected Data
PARTICIPATE IN CONTINUING EDUCATION ACTIVITIES
1. Read/Interpret Diagrams and Drawings
2. Sketch Diagrams

)
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Learn to Write Technical Reports

Utilize Technical Manuals

Understand Personal Computers

Attend On-Going Safety Training Courses

COURSE OBJECTIVES: SCANS COMPETENCIES

The Secretary’s Commission on Achieving Necessary Skills (SCANS), U.S. Department of Labor,
has identified in its “AMERICA 2000 REPORT" that all students should develop a new set of
competencies and foundation skills if they are to enjoy a productive, full and satisfying life.
These are in addition to the Technical Workplace Competencies required by industry. SCANS is
made up of five competencies and a three-part foundation of skills and personal qualities that
are needed for solid job performance.

The following activities will be performed by each student for successful completion of this

course:

L COMPETENCIES

A.

Resources: Identifies, organizes, plans, and allocates resources

1. follows a schedule to complete assigned tasks on time
2 determine the initial cost of materials and "value added" as result of work
3. complete a stock request form for required material
4 provide a self-evaluation of performance based on the time and quality of
work
Interpersonal: Works with others
1. complete assigned responsibilities within the shop ﬂoor serving as a
member of the team
2. provide individual assistance/direction to peers as requested
3. perform work to acceptable levels of quality as required
4. works well with all members of the class
Information: Acquires and uses information
1. read and interpret blueprints
2. organize and apply theories of machine tool operation
3. perform basic semi-precision and precision layout as necessary
Systems: Understands complex inter-relationships
1. demonstrate knowledge of the following systems:
a. laboratory organization structure: physical and social
b organization of personnel and facilities on the shop floor
c. systematic approach to the mechanical process
d. dimensioning and measurement systems
e. systematic organization of training materials
2. monitors and corrects performance dunng
a. the practical process
b. adjustments of individual laboratory work schedule
C. constantly evaluating the quality of work to achieve acceptable
standards
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E.

d. maintains record of evaluations and sets individual goals

Technology: Works with a variety of technologies

1.
2.

chooses procedure, tools and equipment required to perform the task
applies appropriate procedures and uses appropriate tools and equipment
to perform the mechanical task to acceptable standards

maintains and troubleshoots equipment

a. applies appropriate preventative maintenance

b when operating machines

c. reports all malfunctions of equipment to supervisor/instructor

d perform clean-up assignments of equipment and shop floor at the

end of the laboratory

IL. FOUNDATION SKILLS

Basic Skills: Reads, writes, performs arithmetic and mathematical operations,
listens and speaks.

A

1

Reading: Locates, understands, and interprets written information in
prose and in documents such as manuals, graphs, and schedules

studies student laboratory manual

interprets blueprints and technical drawings

read/studies textbook

follow a daily laboratory schedule to maintain appropriate time-line
and task completion

Writing: Communicates thoughts, ideas, information, and messages in
writing; and creates documents such as letters, directions, manuals,
reports, graphs, and flow charts

o op

a. outline the steps necessary to perform a mechanical task
b. maintain a lecture notebook

c. submit written responses to chapter question assignments
d. complete all written assignments

Arithmetic/Mathematics: Perform basic computations and approaches
practical problems by choosing appropriately from a variety of
mathematical techniques

a. keeps a running computation of individual grade
b. performs mathematical computations necessary to understand
course

Listening: Receives, attends to, interprets, and responds to verbal
messages and other cues

a. assimilate classroom instruction

b. interpret and assimilate video instruction

c. observe laboratory demonstrations

d. seek and receive individualized instruction in the laboratory

Speaking: Organizes ideas and communicates orally

a. participates in classroom discussions

b. organize ideas and communicate specific questions to the instructor

c. verbally affirms understanding of a concept, procedure, or required
skill

d. communicates with peers to ensure the smooth and safe operation
of the laboratory
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B. Thinking Skills: Thinks creatively, makes decisions, solves problems, visualizes,
knows how to learn and reasons.

L

Decision Making: Specifies goals and constraints, generates alternatives,
considers risks, and evaluates and chooses best alternative

a. identifies personal goals

b. identifies actions required to accomplish personal goals

Problem Solving: Recognizes problems and devises and implements plan
of action

a. makes daily accommodations to stay on schedule

b. seeks additional instruction/clarification for assignment completion
c. balances social and academlc life/responsibilities

d. accepts responsibility

Seeing Things In the Mind's Eye: Organizes, and processes symbols,
pictures, graphs, objects, and other information

a. interprets technical drawings

b. interprets technical illustrations and symbols

c. understands both written and verbal instructions

d. assimilates process during instructor demonstrations

Knowing How to Learn: Use efficient learning techniques to acquire and
apply new knowledge and skills

a. demonstrate mastery of the basic skills and techniques
b. use these sequential skills to support mastery of new skills
c. understand the sequential nature of acquired skills and the

subsequent knowledge application of new skills and techniques

Reasoning: Discovers a rule or principle underlying the relationship

between two or more objects and applies it when solving a problem

a. understands that practice may not make it perfect but it certainly
will improve the skill of the operator

b. understands that the quality of the product is a function of the time
of the operation and the attitude and skill of the machinist

c. understands the relationship between different metals and the tool
applied to the metal surface and adjusts machining parameters
accordingly.

C Personal Qualities: Displays responsibility, self-esteem, sociability, self-
management, and integrity and honesty.

1

Responsibility: Exerts a high level of effort and perseveres towards goal
attainment

a. develops an understanding that in order to be successful you must
be a "good" student

b. develops an understanding that a "good" student is the one who is
prompt to every class and has prepared for the day's work

c. develops an understanding good students know what they are going
to do in class and does not waste time

d. develops a fine work-ethic

Self-Esteem: Believes in own self-worth and maintains a positive view of

self

a. learns to take pride in his or her work through posiﬁve
reinforcement
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b. sees himself or herself as an asset to the class through continued
contributions to the group and a shared common goal
c. understands that an individual with a positive attitude and the belief

in their own abilities will systematically seek solutions and be a
valuable employee

3. Sociability: Demonstrates understanding, friendliness, adaptability,
empathy, and politeness in group settings '
a. assist classmates in improving technical skills
b. assist students with special needs as a peer mentor
C. share laboratory resources (machines, tools and instructor's !
individual attention)
4. Self-Managenient: Assesses self accurately, sets personal goals,
monitors progress, and exhibits self-control I
a. - maintain a record of academic achievement (individual grade book)
b. make accommodations to laboratory schedules due to broken
equipment/tools .
c. accept the responsibility for self-management :
5. Integrity/Honesty: Chooses ethical courses of action
a. accept the responsibility for own actions '
b. exhibit personal honesty at all times
c. accept the challenge of doing your own work in the laboratory,
during examination, and on outside assignments ﬂ
d. understand the consequences of unethical behaviors
Additional Resources: l
1. Physics of Everyday Phenomena, by W. Thomas Griffith. '
2. University Physics Solutions Manual
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MAST PROGRAM

COURSE SYLLABUS
AC CIRCUIT ANALYSIS II

“

Lecture hours/week: 4 Lab hours/week: 3 Credit hours: 5

COURSE DESCRIPTION:

Continues study of AC circuit analysis which emphasizes transient analysis and network theorems.
Topics include: analysis of complex networks, resonance, transformers, multiple sources, three-
phase systems, an introduction to filters and bode plots, nonsinusoidal waveforms, and P-Spice.

PREREQUISITE: AC Circuit Analysis I and Differential Calculus

REQUIRED COURSE MATERIALS:

Textbook: Introductory Circuit Analysis, Boylstad, 7th Edition

Supplemental Text: Principles of Electric Circuits, T.L. Floyd
Fundamentals of Electric Circuits, David Bell
Introduction to Electric Circuits, Jackson, HW.

METHOD OF INSTRUCTION:

Lecture: Didactic presentations will include lecture and demonstrations.
Laboratory: Léboraiory will be a "hands-on" process.

Method of Evaluation: A student's grade will be based on multiple measures of performance.
The assessment will measure development of independent critical thinking skills and will include
evaluation of the student’s ability to:

1. perform the manipulative skills of the craft as required to satisfactorily complete
laboratory assignments '

2. apply theory to laboratory assignments
3. satisfactorily perform on written, oral, and practical examinations
4, satisfactorily perform on outside assignments including writing assignments
S. contribute to class discussions
6. maintain attendance per current policy
7. follow all shop rules and safety regulations as stated in the laboratory manual
LECTURE OUTLINE:
Lecture Topics Text Reference Page Contact Hrs.
Series-Parallel AC Networks Chapter 16

Sections 2, 4, 5,7, 9, 11, 13
Methods of Analysis and Selected  Chapter 17
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Topics (Mesh and Nodal)
Network Theorem Norton,
Thevenin, and Superposition

EXAM 1
Power (AC) Resistive and Apparent
Inductive and Reactive

Series-Parallel Resonance Quality
Factor Curve

Selectivity Series-Parallel

EXAM 2

Attenuation and Bode Plots Low
Pass, High Pass, Band Pass
and Band-Stop

Polyphase System Y-Delta
Generators

Non-Sinusoidal Circuits

Transformers

FINAL EXAM

LAB OUTLINE:

Sections 3, S, 7, 8, 11, 17, 22, 27, 28

Chapter 18

Sections 3, 5, 7, 10, 11, 13, 27, 37, 38,
44, 46

Chapter 19

Chapter 19, Sections 1, 3, 4, 6, 8, 12, 15,
18, 20

Chapter 20

Sections 1, 3, 7, 13, 16, 18, 21, 23, 26

Chapter 21

Sections 6, 13, 18, 22, 26, 30, 33, 35, 39
42, 47, 49

Chapter 23

Sections 4, 7,9, 13, 17

Chapter 24, Sections 1, 2, 5, 7, 10, 14, 17

Chapter 25, Sections 1, 6, 8, 12, 17, 22, 23,
25,27

2

Total Lecture Hours 40

Lab Topics

Contact Hrs.

Construct AC Ladder Series - Parallel Circuit 3
Construct AC Mesh and Nodal Circuit 3

Construct Norton Network Theorem
Construct Thevenin Theorem

Measure Apparent, Resistant and Reacting Power

Build Resonance Circuits; Measure Quality Factor

Build Filters - Low Pass, High Pass, Band Pass, and Band Shop
Wire Delta 1 Y-Generators, Measure Voltages

Computer Addition of Non-Sinesoidal Waveforms

Wire Transformers, Measure Voltage and Impedance

3

gl
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Total Lab Hours

COURSE OBJECTIVES: TECHNICAL COMPETENCIES

After the successful completion of this course the student will be able to:

A. PRACTICE SAFETY

1. F ollow Safety Manuals and All Safety Regulations/Requirements

a0 o

Assume responsibility for the personal safety of oneself and others
‘Develop a personal attitude towards safety

Interpret safety manual directives

Comply with established company safety practices
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2. Use Protective Equipment
a. Wear protective safety clothing as required
b. Locate and properly use protective equipment
c. Use lifting aids when necessary
3. Follow Safe Operating Procedures for Hand and Power Tools
a. Identify and understand safe machine operating procedures
b. Demonstrate safe machine operation
4, Maintain a Clean and Safe Work Environment
a. Keep work areas clean
b. Clean machine/hand tools when work is completed
c. Put tools away when work is finished
d. Keep aisles clear. of equipment and materials

B. MAINTAIN CONTROL SYSTEMS

Collect and Record Data according to company requirements
Perform Preventive Maintenance Procedures for Control Devices
Function Check Individual Elements Within Loop

Troubleshoot Different Types of System Modules

Test Different Types of System Modules

Configure Software

Simulate Control System Check

Perform On-Line Testing

NN RN~

COURSE OBJECTIVES: SCANS COMPETENCIES

The Secretary’s Commission on Achieving Necessary Skills (SCANS), U.S. Department of Labor,
has identified in its “AMERICA 2000 REPORT" that all students should develop a new set of
competencies and foundation skills if they are to enjoy a productive, full and satisfying life.
These are in addition to.the Technical Workplace Competencies required by industry. SCANS is
made up of five competencies and a three-part foundation of skills and personal qualities that
are needed for solid job performance.

The following activities will be performed by each student for successful completion of this
course:

I COMPETENCIES

A Resources: Identifies, organizes, plans, and allocates resources
1. follows a schedule to complete assigned tasks on time
2 determine the initial cost of materials and "value added" as result of work
3. complete a stock request form for required material
4 provide a self-evaluation of performance based on the time and quality of
work
B. Interpersonal: Works with others
1. complete assigned responsibilities within the shop floor serving as a
member of the team
2. provide individual assistance/direction to peers as requested
3. perform work to acceptable levels of quality as required
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4. works well with all members of the class
C Information: Acquires and uses information

1. read and interpret blueprints

2. organize and apply theories of machine tool operation

3. perform basic semi-precision and precision layout as necessary
D. Systems: Understands complex inter-relationships

1. demonstrate knowledge of the following systems:

a laboratory organization structure: physical and social

b organization of personnel and facilities on the shop floor
C. systematic approach to the mechanical process

d dimensioning and measurement systems

e. systematic organization of training materials

2. monitors and corrects performance during
a. the practical process
b. adjustments of individual laboratory work schedule
c. constantly evaluating the quality of work to achieve acceptable

standards
d. maintains record of evaluations and sets individual goals
E. Technology: Works with a variety of technologies

1. chooses procedure, tools and equipment required to perform the task

2. applies appropriate procedures and uses appropriate tools and equipment
to perform the mechanical task to acceptable standards

3. maintains and troubleshoots equipment
a. applies appropriate preventative maintenance
b when operating machines
C. reports all malfunctions of equipment to supervisor/instructor
d perform clean-up assignments of equipment and shop floor at the

end of the laboratory

IL FOUNDATION SKILLS
A Basic Skills: Reads, writes, performs arithmetic and mathematical operations,
listens and speaks.
1 Reading: Locates, understands, and interprets written information in
prose and in documents such as manuals, graphs, and schedules
a. studies student laboratory manual
b. interprets blueprints and technical drawings
c.  read/studies textbook
d follow a daily laboratory schedule to maintain appropriate time-line
and task completion
2. Writing: Communicates thoughts, ideas, information, and messages in
writing; and creates documents such as letters, directions, manuals,
reports, graphs, and flow charts

a. outline the steps necessary to perform a mechanical task
b maintain a lecture notebook

c. submit written responses to chapter question assignments
d complete all written assignments
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3. Arithmetic/Mathematics: Perform basic computations and approaches
practical problems by choosing appropriately from a variety of
mathematical techniques

a. keeps a running computation of individual grade
b. performs mathematical computations necessary to understand
course
4. Listening: Receives, attends to, interprets, and responds to verbal
messages and other cues
a. assimilate classroom instruction
b. interpret and assimilate video instruction
c. observe laboratory demonstrations
d. seek and receive individualized instruction in the laboratory
5. Speaking: Organizes ideas and communicates orally
a. participates in classroom discussions
b. organize ideas and communicate specific questions to the instructor
c. verbally affirms understanding of a concept, procedure, or required
skill
d. communicates with peers to ensure the smooth and safe operation
of the laboratory

Thinking Skills: Thinks creatively, makes decisions, solves problems, visualizes,
knows how to learn and reasons.

L Decision Making: Specifies goals and constraints, generates alternatives,
considers risks, and evaluates and chooses best alternative
a. identifies personal goals
b. identifies actions required to accomplish personal goals

2 Problem Solving: Recognizes problems and devises and implements plan
of action
a. makes daily accommodations to stay on schedule
b. seeks additional instruction/clarification for assignment completion
c. balances social and academic life/responsibilities
d. accepts responsibility

3. Seeing Things In the Mind's Eye: Organizes, and processes symbols,
pictures, graphs, objects, and other information

a. interprets technical drawings
b. interprets technical illustrations and symbols
c. understands both written and verbal instructions
d. assimilates process during instructor demonstrations
4. Knowing How to Learn: Use efficient learning techniques to acquire and
apply new knowledge and skills _
a. demonstrate mastery of the basic skills and techniques
b. use these sequential skills to support mastery of new skills
c. understand the sequential nature of acquired skills and the
subsequent knowledge application of new skills and techniques
5. Reasoning: Discovers a rule or principle underlying the relationship
between two or more objects and applies it when solving a problem
a. understands that practice may not make it perfect but it certainly

will improve the skill of the operator
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b. understands that the quality of the product is a function of the time
of the operation and the attitude and skill of the machinist

c. understands the relationship between different metals and the tool
applied to the metal surface and adjusts machining parameters
accordingly

C Personal Qualities: Displays responsibility, self-esteem, sociability, self-
management, and integrity and honesty.

L

Responsibility: Exerts a high level of effort and perseveres towards goal
attainment :

a. develops an understanding that in order to be successful you must
be a "good" student

b. develops an understanding that a "good" student is the one who is
prompt to every class and has prepared for the day's work

c. develops an understanding good students know what they are going
to do in class and does not waste time

d. develops a fine work-ethic

Self-Esteem: Believes in own self-worth and maintains a positive view of

self

a. learns to take pride in his or her work through positive
reinforcement

b. sees himself or herself as an asset to the class through continued
contributions to the group and a shared common goal

c. understands that an individual with a positive attitude and the belief

in their own abilities will systematically seek solutions and be a
valuable employee
Sociability: Demonstrates understanding, friendliness, adaptability,
empathy, and politeness in group settings

a. assist classmates in improving technical skills
b. assist students with special needs as a peer mentor
c. share laboratory resources (machines, tools and instructor's

individual attention)
Self-Management: Assesses self accurately, sets personal goals,
monitors progress, and exhibits self-control

a. maintain a record of academic achievement (individual grade book)

b. make accommodations to laboratory schedules due to broken
equipment/tools

C. accept the responsibility for self-management

Integrity/Honesty: Chooses ethical courses of action

a. accept the responsibility for own actions

b. exhibit personal honesty at all times

c. accept the challenge of doing your own work in the laboratory,
during examination, and on outside assignments

d. understand the consequences of unethical behaviors

;"-Al
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MAST PROGRAM
COURSE SYLLABUS
DIGITAL FUNDAMENTALS

—

Lecture hours/week: 4 Lab hours/week: 3 Credit hours: 5
COURSE DESCRIPTION:

Introduces digital electronics. Topics include: fundamental of digital techniques, integrated logic
circuits involving number systems, logic symbols and gates. Boolean algebra, and optimization
techniques, flip-flops and registers, combinational and sequential logic circuits, and memory
circuits. Laboratory work parallels class work.

PREREQUISITE: AC Circuit Analysis I

REQUIRED COURSE MATERIALS:

Textbook: Digital System Principles & Applications, Ronald J. Tocci, 6th edition,
Prentice Hall (Englewood Cliffs, New Jersey)

METHOD OF INSTRUCTION:

Lecture: Didactic presentations will include lecture, video and demonstrations.

Laboratory: Laboratory will be a "hands-on" process.

'Method of Evaluation: A student's grade will be based on multiple measures of performance.
The assessment will measure development of independent critical thinking skills and will include
evaluation of the student’s ability to:

1. perform the manipulative skills of the craft as required to satisfactorily complete
laboratory assignments

2. apply theory to laboratory assignments
3. satisfactorily perform on written, oral, and practical examinations
4. satisfactorily perform on outside assignments including writing assignments
5. contribute to class discussions
6. maintain attendance per current policy
7. follow all shop rules and safety regulations as stated in the laboratory manual
LECTURE OUTLINE: .
Lecture Topics Text Reference Page Contact Hrs.
Numbering System Chapter 1, Sections 2, 3, 6

Parallel and Serial Transmission
Numbering System Conversion Chapter 2, Sections 1 (b, c), 2 (), 10,
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BCD Code 11(e), 22(b), 25 (i, I, p, q), 28, 33, 34
Parity Method for Error Detection '
Boolean Constants and Variables Chapter 3, Sections 1, 4, 9, 10, 12, 18,

Truth Tables 26, 34, 37, 44, 46, 48
EXAM 1
Combination Logic Circuits Chapter 4, Sections 1 (¢, ), 5, 7, 10, 15,
Sum-Of Product 18, 21, 25, 26, 30, 32, 35, 39, 41, 46, 47
Product-Of-Sum
Karnaugh Map
EX-OR and Not Exclusive OR Gate
Flip-Flops and Related Topics Chapter 5, Sections 1, 3, 5, 7, 10, 13, 16,
Clocked S-C, J-K, D Flip Flop 20, 22, 24,32, 37, 40, 42, 48, 52, 53
Asynchronous Inputs ' '
EXAM 2 :
Add, Subtract, Divide, and Multiply Chapter 6, Sections 1 (b, ¢), 2 (c, e, d),
in Numbering System 3(d), 6(b), 9(f h), 11 (b, d), 14 (b), 17, -
BCD Addition ‘ 20, 24, 30, 33, 36
I's and 2's Complement System
Async. And Sync. Counters Chapter 7, Sections 1, 6, 7, 10, 13, 14, 18,
Up and Down Counters 22, 26, 32, 36, 39, 41, 45, 49, 54
Decoding a Counter
Registers and Memory
FINAL —
Total Lecture Hours 40
LAB OUTLINE:
Lab Topics Contact Hrs.

Numbering System

Parallel and Serial Transmission
Numbering System Conversion

BCD Code

Parity Method for Error Detection
Boolean Constants and Variables

Truth Tables
Combination Logic Circuits

Sum-Of Product

Product-Of-Sum

Karnaugh Map

EX-OR and Not Exclusive OR Gate
Flip-Flops and Related Topics

Clocked S-C, J-K, D Flip Flop

Asynchronous Inputs
Add, Subtract, Divide, and Multiply in Numbering Systems

BCD Addition

1's and 2's Complement System
Async. And Sync. Counters

Up and Down Counters



Decoding a Counter
Registers and Memory

Total Lab Hours 30

COURSE OBJECTIVES: TECHNICAL COMPETENCIES

After the successful completion of this course the student will be able to:
A. PRACTICE SAFETY
1. Follow Safety Manuals and All Safety Regulations/Requirements

a. Assume responsibility for the personal safety of oneself and others
b. Develop a personal attitude towards safety
C. Interpret safety manual directives
d. Comply with established company safety practlces
2. Use Protective Equipment
a. Wear protective safety clothing as required
b. Locate and properly use protective equipment
c. Use lifting aids when necessary
3. Follow Safe Operating Procedures for Hand and Power Tools
a. Identify and understand safe machine operating procedures
b. Demonstrate safe machine operation
4. Maintain a Clean and Safe Work Environment
a. Keep work areas clean
b. Clean machine/hand tools when work is completed
c. Put tools away when work is finished
d. Keep aisles clear of equipment and materials

B. MAINTAIN CONTROL SYSTEMS
Proper Storage of Circuit Boards
Collect and Record Data According to Company Requirements
Test and Calibrate Transducers According to Specs
Perform Preventive Maintenance Procedures for Control Devices
Test and/or Replace Printed Circuit Boards
Function Check Individual Elements Within Loop
Troubleshoot Different Types of System Modules
Test Different Types of System Modules
Configure Software

10.  Repair Different Types of System Modules

11.  Install Control System Hardware

12. Simulate Control System Check

13, Loop-Check Control System

14.  Perform On-Line Testing

15. Troubleshoot and Maintain PLCs and Motor Control Systems
C. MAINTAIN FIELD INSTRUMENTATION DEVICES

1. Troubleshoot and Repair Electronic Computing Relays

2. Test and Clean Video Display Unit

3. Check and Adjust Video Display Unit

WX WD~
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COURSE OBJECTIVES: SCANS COMPETENCIES

The Secretary’s Commission on Achieving Necessary Skills (SCANS), U.S. Department of Labor,
has identified in its “AMERICA 2000 REPORT” that all students should develop a new set of
competencies and foundation skills if they are to enjoy a productive, full and satisfying life.
These are in addition to the Technical Workplace Competencies required by industry. SCANS is
made up of five competencies and a three-part foundation of skills and personal qualities that
are needed for solid job performance.

The following activities will be performed by each student for successful completion of this
course:

L COMPETENCIES

A Resources: Identifies, organizes, plans, and allocates resources
1. follows a schedule to complete assigned tasks on time
2 determine the initial cost of materials and "value added" as result of work
3. complete a stock request form for required material
4 provide a self-evaluation of performance based on the time and quality of
work
B. Interpersonal: Works with others
1. complete assigned responsibilities within the shop floor serving as a
member of the team
2. provide individual assistance/direction to peers as requested
3. perform work to acceptable levels of quality as required
4, works well with all members of the class
C Information: Acquires and uses information
1. read and interpret blueprints
2. organize and apply theories of machine tool operation
3. perform basic semi-precision and precision layout as necessary
D. Systems: Understands complex inter-relationships
1. demonstrate knowledge of the following systems:
a. laboratory organization structure: physical and social
b organization of personnel and facilities on the shop floor
c systematic approach to the mechanical process
d. dimensioning and measurement systems
e systematic organization of training materials
2. monitors and corrects performance during
a. the practical process
b. adjustments of individual laboratory work schedule
C. constantly evaluating the quality of work to achieve acceptable
standards
d. maintains record of evaluations and sets individual goals
E. Technology: Works with a variety of technologies
1. chooses procedure, tools and equipment required to perform the task
2. applies appropriate procedures and uses appropriate tools and equipment
to perform the mechanical task to acceptable standards
3. maintains and troubleshoots equipment
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applies appropriate preventative maintenance

when operating machines

reports all malfunctions of equipment to supervisor/instructor
perform clean-up assignments of equipment and shop floor at the
end of the laboratory

a0 ow

I FOUNDATION SKILLS

Basic Skills: Reads, writes, performs arithmetic and mathematical operations,
listens and speatks.

A

L

Reading: Locates, understands, and interprets written information in
prose and in documents such as manuals, graphs, and schedules

a. studies student laboratory manual

b. interprets blueprints and technical drawings

c. read/studies textbook

d follow a daily laboratory schedule to maintain appropriate time-line

and task completion
Writing: Communicates thoughts, ideas, information, and messages in
writing; and creates documents such as letters, directions, manuals,
reports, graphs, and flow charts

a. outline the steps necessary to perform a mechanical task
b. maintain a lecture notebook

C. submit written responses to chapter question assignments
d. complete all written assignments

Arithmetic/Mathematics: Perform basic computations and approaches
practical problems by choosing appropriately from a variety of
mathematical techniques

a. keeps a running computation of individual grade
b. performs mathematical computations necessary to understand
course

Listening: Receives, attends to, interprets, and responds to verbal
messages and other cues

a. assimilate classroom instruction

b. interpret and assimilate video instruction

c. observe laboratory demonstrations

d. seek and receive individualized instruction in the laboratory

Speaking: Organizes ideas and communicates orally

a. participates in classroom discussions

b. organize ideas and communicate specific questions to the instructor

c. verbally affirms understanding of a concept, procedure, or required
skill ‘

d. communicates with peers to ensure the smooth and safe operation
of the laboratory

Thinking Skills: Thinks creatively, makes decisions, solves problems, visualizes,
knows how to learn and reasons.

L

Decision Making: Specifies goals and constraints, generates alternatives,
considers risks, and evaluates and chooses best alternative

a. identifies personal goals

b. identifies actions required to accomplish personal goals
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2. Problem Solving: Recognizes problems and devises and implements plan
of action
a. makes daily accommodations to stay on schedule
b. seeks additional instruction/clarification for assignment completion
C. balances social and academic life/responsibilities
d. accepts responsibility

3. Seeing Things In the Mind's Eye: Organizes, and processes symbols,
pictures, graphs, objects, and other information

a. interprets technical drawings
b. interprets technical illustrations and symbols
c. understands both written and verbal instructions
d. assimilates process during instructor demonstrations
4. Knowing How to Learn: Use efficient learning techniques to acquire and
apply new knowledge and skills
a. demonstrate mastery of the basic skills and techniques
b. use these sequential skills to support mastery of new skills
c. understand the sequential nature of acquired skills and the
subsequent knowledge application of new skills and techniques
5. Reasoning: Discovers a rule or principle underlying the relationship
between two or more objects and applies it when solving a problem
a. understands that practice may not make it perfect but it certainly
will improve the skill of the operator
b. understands that the quality of the product is a function of the time
of the operation and the attitude and skill of the machinist
C. understands the relationship between different metals and the tool
applied to the metal surface and adjusts machining parameters
accordingly.

C Personal Qualities: Displays responsibility, self-esteem, sociability, self-
management, and integrity and honesty.
1 Responsibility: Exerts a high level of effort and perseveres towards goal

attainment

a. develops an understanding that in order to be successful you must
be a "good" student

b. develops an understanding that a "good" student is the one who is
prompt to every class and has prepared for the day's work

C. develops an understanding good students know what they are going
to do in class and does not waste time

d. develops a fine work-ethic

2. Self-Esteem: Believes in own self-worth and maintains a positive view of

self

a. learns to take pride in his or her work through positive
reinforcement

b. sees himself or herself as an asset to the class through continued
contributions to the group and a shared common goal

c. understands that an individual with a positive attitude and the belief

in their own abilities will systematically seek solutions and be a
valuable employee
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3. Sociability: Demonstrates understanding, friendliness, adaptability,
empathy, and politeness in group settings

a. assist classmates in improving technical skills
b. assist students with special needs as a peer mentor
c. share laboratory resources (machines, tools and instructor's
individual attention)
4. Self-Management: Assesses self accurately, sets personal goals,
monitors progress, and exhibits self-control
a. maintain a record of academic achievement (individual grade book)
b. make accommodations to laboratory schedules due to broken
equipment/tools
C. accept the responsibility for self-management
5. Integrity/Honesty: Chooses ethical courses of action
a. accept the responsibility for own actions
b. exhibit personal honesty at all times
c. accept the challenge of doing your own work in the laboratory,
during examination, and on outside assignments
d. understand the consequences of unethical behaviors
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MAST PROGRAM
COURSE SYLLABUS
ELECTROMECHANICAL DEVICES

§

Lecture hours/week: 4 Lab hours/week: 3 Credit hours: §

COURSE DESCRIPTION:

Introduces eletromechanical devices which are essential control elements in electrical systems.
Topics include: fundamentals of electromechanical devices, control elements in electrical circuits,
typical devices such as generators and alternators, DC and AC motors and controls, transformers
and synchromechanisms. Quantitative analysis of power losses, power factors and efficiencies in
DC, single-phase and three phase dynamos are stressed. Laboratory work parallels class work.

PREREQUISITE: AC Circuit Analysis I

REQUIRED COURSE MATERIALS:

Textbook: Electric Circuits and DC Machines, by E.C. Lister
Hand Tools/Quantity Required:
Calculator

Screwdrivers (flathead and phillips head)
Diagonal pliers

METHOD OF INSTRUCTION:

Lecture: Didactic presentations will include lecture, video and demonstrations.
Laboratory: Laboratory will be a "hands-on" process.

Method of Evaluation: A student's grade will be based on multiple measures of performance.
The assessment will measure development of independent critical thinking skills and will include
evaluation of the student’s ability to:

1. perform the manipulative skills of the craft as required to satisfactorily complete
laboratory assignments

apply theory to laboratory assignments

satisfactorily perform on written, oral, and practical examinations

satisfactorily perform on outside assignments including writing assignments

contribute to class discussions

maintain attendance per current policy

follow all shop rules and safety regulations as stated in the laboratory manual

Nowvnbkwn
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LECTURE OUTLINE:

Lecture Topics Text Reference Page

Contact Hrs.

Switches, Fuses, Relays and Circuit
Breakers

Test on Switches, Fuses, Relays and
Circuit Breakers

Magnetism and Electromagnetism

Test on Magnetism and
Electromagnetism

Transformers - Principle of Operation,
Voltage Ration, Turns Ration,
Current Ration, Losses,
Efficiency

Solve Problems From Handout

Test on transformers

DC Generators - Principles of Operation,
Different Types, Characteristics

Solve Problems

Field Trip (near end of quarter)

Alternators - Principle of Operation,
Characteristics, Operating in
Parallel (Synchronizing)

Solve Problems From Handout

Test on Generators and Alternators

Review of Weeks 1-5

Midterm

DC Motors - Principle of Operation,
Types, Characteristics, Basic
Motor Control Methods

Solve Problems

AC Motors (3-Phase) - Principle of
Operation, Types, Power Factor,
Slip

NEMA Classification and Class of
Insulation

Test on DC Motors and 3-Phase AC
Motors

Single-Phase AC Motors - Principle of
Operation, Types, Characteristics

Synchromechanism Systems -
Synchrotransmitter, Synchro
Receiver

Simplified Circuits on Synchro Systems

Test on Single Phase AC Motors and
Synchro Systems

Review

Final Exam

Pages 72-90

Pages 210-237

Pages 91-113
Pages 114-116

Pages 242-257

Pages 117-144
Pages 146-147

Total Lecture Hours

161



LAB OUTLINE:

Lab Topics Contact Hrs.
Switches Used in Common Control Circuits
Transformers
Single Phase AC Motors
3-Phase Motors
3-Phase Motors

Total Lab Hours 30

COURSE OBJECTIVES: TECHNICAL COMPETENCIES

After the successful completion of this course fhe student will be able to:
A. PRACTICE SAFETY

1. Follow Safety Manuals and All Safety Regulations/Requirements
a. Assume responsibility for the personal safety of oneself and others
b. Develop a personal attitude towards safety
C. Interpret safety manual directives
d. Comply with established company safety practices
2. Use Protective Equipment
a. Wear protective safety clothing as required
b. Locate and properly use protective equipment
c. Use lifting aids when necessary
3. Follow Safe Operating Procedures for Hand and Power Tools
a. Identify and understand safe machine operating procedures
b. Demonstrate safe machine operation
4, Maintain a Clean and Safe Work Environment
a. Keep work areas clean
b. Clean machine/hand tools when work is completed
c. Put tools away when work is finished
d. Keep aisles clear of equipment and materials

B. MAINTAIN CONTROL SYSTEMS

Proper Storage of Circuit Boards

Collect and Record Data According to Company Requirements
Test and Calibrate Transducers According to Specs

Perform Preventive Maintenance Procedures for Control Devices
Test and/or Replace Printed Circuit Boards

Function Check Individual Elements Within Loop
Troubleshoot Different Types of System Modules

Test Different Types of System Modules

Configure Software

Repair Different Types of System Modules

Install Control System Hardware

Simulate Control System Check

Loop-Check Control System

Perform On-Line Testing
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15.

Troubleshoot and Maintain PLCs and Motor Control Systems

MAINTAIN FIELD INSTRUMENTATION DEVICES

WX bW~
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13.
14.
1S.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31
32.
33.
34.
35.

36.

Test and Calibrate Pressure, Level, Flow, Temperature Switches
Troubleshoot and Repair Pressure, Level, Flow, Temperature Switches
Adjust Dampers and Positioners

Troubleshoot and Adjust Control Drive (Damper)

Test and Calibrate Indicators and Gauges

Troubleshoot and Repair Indicators

Test and Calibrate Transmitters

Test and Calibrate Recorders

Troubleshoot and Repair Recorders

Troubleshoot Linear Variable Differential Transformers
Troubleshoot, Repair, and Calibrate Transmitters

Test Different Field Sensing Elements

a. flow

b. temperature
c. pressure

d. level

Install/Replace Field Sensing Elements

Troubleshoot and Repair Transmitters

Tune Controllers: Pneumatic and Electronic

Troubleshoot and Repair Plant Computing Systems Relating to Process Controls
Troubleshoot and Repair Solenoid Valves

Perform Preventive Maintenance Procedures for Field Devices

Test and Repair Thermocouples

Check and Test Vibration Sensing Elements

Inspect and Troubleshoot Power Supplies and Converters

Test and Calibrate Control Valve Actuators

Troubleshoot and Repair Control Valves/Positioners

Test and Calibrate Controllers

Troubleshoot and Repair Local Controllers

Troubleshoot and Repair Electronic Computing Relays

Troubleshoot and Repair Analyzers

Test and Calibrate Air Analyzers

Test and Calibrate Water Analyzers

Troubleshoot Servo Valves

Calibrate Servo Valves

Test and Clean Video Display Unit

Check and Adjust Video Display Unit

Specify and Configure Smart Field Devices, i.e., Transmitters and Valves
Operate Control Systems Including Single Element, Cascade, Ratio, and
Feedforward

Test and Calibrate Gas Analyzers

PARTICIPATE IN CONTINUING EDUCATION ACTIVITIES

L.

2.
3.
4

Read/Interpret Diagrams and Drawings
Sketch Diagrams

Study Technical Equipment Information
Application of ISA/JIC Standards
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5. Understand Proper Use of Test Equipment and Tools
6. Learn to Write Technical Reports
7 Acquire Safe Practices for Handling Hydraulic and Special Tools
8. Utilize Technical Manuals
9. Understand Personal Computers
10.  Attend On-Going Safety Training Courses
11.  Participate in Plant Related Training
12.  Attend PLC Training
13. Attend DCS Training
E. MAINTAIN AND CONTROL INVENTORY ACCORDING TO COMPANY

POLICIES AND PROCEDURES
1. Learn to Review and Forecast Spare Parts Inventory
2. Prepare Parts Request
3. Verify Parts Received
4. Research/Verify Substitute Specifications
F. TROUBLESHOOT, INSTALL, MAINTAIN AND OPERATE MOTOR
CONTROL SYSTEMS
1. Troubleshoot, Install, Maintain, and Operate Motor Starters
2. Troubleshoot, Install, Maintain, and Operate Relays
3. Troubleshoot, Install, Maintain, and Operate Pushbuttons
4. Troubleshoot, Install, Maintain, and Operate Switches
5. Troubleshoot, Install, Maintain, and Operate PLC Systems, i.e., PLC and DCS

Networks

COURSE OBJECTIVES: SCANS COMPETENCIES

The Secretary’s Commission on Achieving Necessary Skills (SCANS), U.S. Department of
Labor, has identified in its “AMERICA 2000 REPORT” that all students should develop a
new set of competencies and foundation skills if they are to enjoy a productive, Sull and
satisfying life. These are in addition to the Technical Workplace Competencies required by
industry. SCANS is made up of five competencies and a three-part foundation of skills and
personal qualities that are needed for solid job performance.

The following activities will be performed by each student for successful completion of this
course:

L COMPETENCIES

A Resources: Identifies, organizes, plans, and allocates resources
1. follows a schedule to complete assigned tasks on time
2 determine the initial cost of materials and "value added" as result of work
3. complete a stock request form for required material
4 provide a self-evaluation of performance based on the time and quality of
work
B. Interpersonal: Works with others
1. complete assigned responsibilities within the shop floor serving as a

member of the team
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2. provide individual assistance/direction to peers as requested

3. perform work to acceptable levels of quality as required

4. works well with all members of the class
C Information: Acquires and uses information

1. read and interpret blueprints

2. organize and apply theories of machine tool operation

3. perform basic semi-precision and precision layout as necessary
D. Systems: Understands complex inter-relationships

1. demonstrate knowledge of the following systems:

a laboratory organization structure: physical and social

b organization of personnel and facilities on the shop floor
c. systematic approach to the mechanical process

d dimensioning and measurement systems

e systematic organization of training materials

2. monitors and corrects performance during
a. - the practical process
b. adjustments of individual laboratory work schedule
C. constantly evaluating the quality of work to achieve acceptable

standards
d. maintains record of evaluations and sets individual goals
E. Technology: Works with a variety of technologies

1. chooses procedure, tools and equipment required to perform the task

2. applies appropriate procedures and uses appropriate tools and equipment
to perform the mechanical task to acceptable standards

3. maintains and troubleshoots equipment
a. applies appropriate preventative maintenance
b when operating machines
c. reports all malfunctions of equipment to supervisor/instructor
d perform clean-up assignments of equipment and shop floor at the

end of the laboratory

II. FOUNDATION SKILLS
A Basic Skills: Reads, writes, performs arithmetic and mathematical operations,
listens and speaks.
1 Reading: Locates, understands, and interprets written information in
prose and in documents such as manuals, graphs, and schedules
a. studies student laboratory manual
b interprets blueprints and technical drawings
c. read/studies textbook
d follow a daily laboratory schedule to maintain appropriate time-line
and task completion :
2. Writing: Communicates thoughts, ideas, information, and messages in
writing; and creates documents such as letters, directions, manuals,
reports, graphs, and flow charts

a. outline the steps necessary to perform a mechanical task
b maintain a lecture notebook

c. submit written responses to chapter question assignments
d complete all written assignments
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Arithmetic/Mathematics: Perform basic computations and approaches
practical problems by choosing appropriately from a variety of
mathematical techniques

a. keeps a running computation of individual grade
b. performs mathematical computations necessary to understand
course

Listening: Receives, attends to, interprets, and responds to verbal

. messages and other cues

a. assimilate classroom instruction

b. interpret and assimilate video instruction

C. observe laboratory demonstrations :

d. seek and receive individualized instruction in the laboratory

Speaking: Organizes ideas and communicates orally

a. participates in classroom discussions

b. organize ideas and communicate specific questions to the instructor

c. verbally affirms understanding of a concept, procedure, or required
skill

d. communicates with peers to ensure the smooth and safe operation
of the laboratory

Thinking Skills: Thinks creatively, makes decisions, solves problems, visualizes,
knows how to learn and reasons.

1

Decision Making: Specifies goals and constraints, generates alternatives,
considers risks, and evaluates and chooses best alternative

a. identifies personal goals

b. identifies actions required to accomplish personal goals

Problem Solving: Recognizes problems and devises and implements plan
of action

a. makes daily accommodations to stay on schedule

b. seeks additional instruction/clarification for assignment completion
c. balances social and academic life/responsibilities

d. accepts responsibility

Seeing Things In the Mind's Eye: Organizes, and processes symbols,
pictures, graphs, objects, and other information

a. interprets technical drawings

b. interprets technical illustrations and symbols

C. understands both written and verbal instructions

d. assimilates process during instructor demonstrations

Knowing How to Learn: Use efficient learning techniques to acquire and
apply new knowledge and skills

a. demonstrate mastery of the basic skills and techniques
b. use these sequential skills to support mastery of new skills
C. understand the sequential nature of acquired skills and the

subsequent knowledge application of new skills and techniques
Reasoning: Discovers a rule or principle underlying the relationship
between two or more objects and applies it when solving a problem
a. understands that practice may not make it perfect but it certainly
will improve the skill of the operator
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b. understands that the quality of the product is a function of the time
of the operation and the attitude and skill of the machinist

c. understands the relationship between different metals and the tool
applied to the metal surface and adjusts machining parameters
accordingly

C Personal Qualities: Displays responsibility, self-esteem, sociability, self-
management, and integrity and honesty.
L Responsibility: Exerts a high level of effort and perseveres towards goal

attainment

a. develops an understanding that in order to be successful you must
be a "good" student

b. develops an understanding that a "good" student is the one who is
prompt to every class and has prepared for the day's work

C. develops an understanding good students know what they are going
to do in class and does not waste time

d. develops a fine work-ethic

2. Self-Esteem: Belleves in own self-worth and maintains a positive view of

self

a. learns to take pride in his or her work through positive
reinforcement

b. sees himself or herself as an asset to the class through continued
contributions to the group and a shared common goal

c. understands that an individual with a positive attitude and the belief

in their own abilities will systematically seek solutions and be a
valuable employee
3. Sociability: Demonstrates understanding, friendliness, adaptability,
empathy, and politeness in group settings

a. assist classmates in improving technical skills
b. assist students with special needs as a peer mentor
c. share laboratory resources (machines, tools and instructor's
individual attention)
4. Self-Management: Assesses self accurately, sets personal goals,
monitors progress, and exhibits self-control
a. maintain a record of academic achievement (individual grade book)
b. make accommodations to laboratory schedules due to broken
equipment/tools
c. accept the responsibility for self-management
5. Integrity/Honesty: Chooses ethical courses of action
a. accept the responsibility for own actions
b. exhibit personal honesty at all times
C. accept the challenge of doing your own work in the laboratory,
during examination, and on outside assignments
d. nderstand the consequences of unethical behaviors
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MAST PROGRAM

COURSE SYLLABUS
CONTROL SYSTEMS

“

Lecture hours/week: 4 Lab hours/week: 3 Credit hours: §

COURSE DESCRIPTION:

Introduces control system components and theory as they relate to controlling industrial
processes. Mechanical, fluidics, temperature, and miscellaneous sensors are studied with
emphasis on measuring techniques. Topics include: signal conditioning, and control hardware

and actuators. Laboratory work parallel class work.

PREREQUISITE: Digital Fundamentals

REQUIRED COURSE MATERIALS:

Textbook: Instrumentation, Kirk & Rimboi, American Technical Publishers
Automated Process Control Systems, Hunter, Ronald P.

Lab Manual: Technical Publishing Corporation Books, 111, 112, 113, 221*, 222*,
. 223*, 230 (*strongly recommended)

Hand Tools/Quantity Required:
Plastic Tool Box

Screwdriver
Pliers
Wrench
COURSE OBJECTIVE:
Upon successful completion of this course, the student will:
1. Describe the advantages and disadvantages of open and closed loop theory in conjunction
with level, pressure, flow, temperature and density
2. Describe the features of negative and positive feedback
3. Describe various transducers, i.e., mechanical, electrical
4 Describe various actuators control hardware, i.e., mechanical, electrical
METHOD OF INSTRUCTION:
Lecture: Didactic presentations will include lecture, video and demonstrations.

Laboratory: Laboratory will be a "hands-on" process.
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Method of Evaluation: A student's grade will be based on multiple measures of performance.

The assessment will measure development of independent critical thinking skills and will include

evaluation of the student’s ability to: :

1. perform the manipulative skills of the craft as required to satisfactorily complete
laboratory assignments

2. apply theory to laboratory assignments
3. satisfactorily perform on written, oral, and practical examinations
4, satisfactorily perform on outside assignments including writing assignments
5. contribute to class discussions
6. maintain attendance per current policy
7. follow all shop rules and safety regulations as stated in the laboratory manual
LECTURE OUTLINE:
Lecture Topics Text Reference Page Contact Hrs.
Introduction to Process Control and Chapters 1 and 4, Appendix A
Level ISA Symbols 4
Flow Chapter 5 4
Measurement and Temperature Chapter 2 4
Measurements Pressure Chapter 3 4
Analysis Chapter 13 4
Analysis Control Chapter 8 4
Analysis Control, continued 4
Control Chapter 14 4
(On - Off) - Proportional - + Reset
+ Derivative, Chapter 14 continued 4
Review and Final Exam _ 4
Total Lecture Hours 40
- LAB OUTLINE:

Lab Topics Contact Hrs.

Draw a level control loop

Draw a flow control loop

Draw a temperature control loop
Draw a pressure control loop
Draw a density control loop
Draw a multi-loop control

wl»-
Qi W W W WW

Total Lab Hours

COURSE OBJECTIVES: TECHNICAL COMPETENCIES

After the successful completion of this course the student will be able to:
A. PRACTICE SAFETY
1. Follow Safety Manuals and All Safety Regulations/Requirements
a. Assume responsibility for the personal safety of oneself and others
b. Develop a personal attitude towards safety
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C. Interpret safety manual directives

d. Comply with established company safety practices
Use Protective Equipment

a. Wear protective safety clothing as required

b. Locate and properly use protective equipment

c. Use lifting aids when necessary

Follow Safe Operating Procedures for Hand and Power Tools
a. Identify and understand safe machine operating procedures
b. Demonstrate safe machine operation

Maintain a Clean and Safe Work Environment

a. Keep work areas clean

b. Clean machine/hand tools when work is completed

c. Put tools away when work is finished

d. Keep aisles clear of equipment and materials

MAINTAIN CONTROL SYSTEMS

VRN AW~

10.
11.
12.
13.
14.

15.

Proper Storage of Circuit Boards

Collect and Record Data According to Company Requirements
Test and Calibrate Transducers According to Specs

Perform Preventive Maintenance Procedures for Control Devices
Test and/or Replace Printed Circuit Boards

Function Check Individual Elements Within Loop
Troubleshoot Different Types of System Modules

Test Different Types of System Modules

Configure Software

Repair Different Types of System Modules

Install Control System Hardware

Simulate Control System Check

Loop-Check Control System

Perform On-Line Testing

Troubleshoot and Maintain PLCs and Motor Control Systems

MAINTAIN FIELD INSTRUMENTATION DEVICES

WO DB W~

13.

Test and Calibrate Pressure, Level, Flow, Temperature Switches

Troubleshoot and Repair Pressure, Level, Flow, Temperature Switches

Adjust Dampers and Positioners

Troubleshoot and Adjust Control Drive (Damper)

Test and Calibrate Indicators and Gauges
Troubleshoot and Repair Indicators

Test and Calibrate Transmitters

Test and Calibrate Recorders

Troubleshoot and Repair Recorders

Troubleshoot Linear Variable Differential Transformers
Troubleshoot, Repair, and Calibrate Transmitters

Test Different Field Sensing Elements

a. flow

b. temperature
c. pressure

d. level

Install/Replace Field Sensing Elements
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14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.

36.

Troubleshoot and Repair Transmitters

Tune Controllers: Pneumatic and Electronic

Troubleshoot and Repair Plant Computing Systems Relating to Process Controls
Troubleshoot and Repair Solenoid Valves

Perform Preventive Maintenance Procedures for Field Devices

Test and Repair Thermocouples

Check and Test Vibration Sensing Elements

Inspect and Troubleshoot Power Supplies and Converters

Test and Calibrate Control Valve Actuators

Troubleshoot and Repair Control Valves/Positioners

Test and Calibrate Controllers

Troubleshoot and Repair Local Controllers

Troubleshoot and Repair Electronic Computing Relays

Troubleshoot and Repair Analyzers

Test and Calibrate Air Analyzers

Test and Calibrate Water Analyzers

Troubleshoot Servo Valves

Calibrate Servo Valves

Test and Clean Video Display Unit

Check and Adjust Video Display Unit

Specify and Configure Smart Field Devices, i.e., Transmitters and Valves
Operate Control Systems Including Single Element, Cascade, Ratio, and
Feedforward

Test and Calibrate Gas Analyzers

ORGANIZE WORK ROUTINES
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Organize Documents and Drawings Required on the Job

Determine Proper Tools/Equipment/Materials to Perform the Job

Coordinate Work Activities with Other Crafts/Units

Coordinate Preventive Maintenance Schedule with Planning Group

Verify Equipment Isolation Prior to Performance of Work for Safety Reasons
Report Abnormal Equipment Problems to Supervisor

Write New Calibration Procedures if Needed

Follow Specifications

ARTICIPATE IN CONTINUING EDUCATION ACTIVITIES

Read/Interpret Diagrams and Drawings

Sketch Diagrams

Study Technical Equipment Information

Application of ISA/JIC Standards

Understand Proper Use of Test Equipment and Tools
Learn to Write Technical Reports

Acquire Safe Practices for Handling Hydraulic and Special Tools
Utilize Technical Manuals

Understand Personal Computers

Attend on-going Safety Training Courses

Participate in Plant Related Training

Attend PLC Training

Attend DCS Training
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F. MAINTAIN AND CONTROL INVENTORY ACCORDING TO COMPANY
POLICIES AND PROCEDURES
1. Learn to Review and Forecast Spare Parts Inventory
2. Prepare Parts Request
3. Verify Parts Received

4, Research/Verify Substitute Specifications
G. TROUBLESHOOT, INSTALL, MAINTAIN AND OPERATE MOTOR
CONTROL SYSTEMS
1. Troubleshoot, Install, Maintain, and Operate Motor Starters
2. Troubleshoot, Install, Maintain, and Operate Relays
3. Troubleshoot, Install, Maintain, and Operate Pushbuttons
4. Troubleshoot, Install, Maintain, and Operate Switches
5. Troubleshoot, Install, Maintain, and Operate PLC Systems, i.e., PLC and DCS

Networks

COURSE OBJECTIVES: SCANS COMPETENCIES

The Secretary's Commission on Achieving Necessary Skills (SCANS), U.S. Department of Labor,
has identified in its “AMERICA 2000 REPORT” that all students should develop a new set of
competencies and foundation skills if they are to enjoy a productive, full and satisfying life.
These are in addition to the Technical Workplace Competencies required by industry. SCANS is

made up of five competencies and a three-part foundation of skills and personal qualities that
are needed for solid job performance.

The following activities will be performed by each student for successful completion of this
course:

L COMPETENCIES

A. Resources: Identifies, organizes, plans, and allocates resources
1. follows a schedule to complete assigned tasks on time
2 determine the initial cost of materials and "value added" as result of work
3. complete a stock request form for required material
4 provide a self-evaluation of performance based on the time and quality of
work :
B. Interpersonal: Works with others
1. complete assigned responsibilities within the shop floor serving as a
member of the team
2. provide individual assistance/direction to peers as requested
3. perform work to acceptable levels of quality as required
4, works well with all members of the class
C Information: Acquires and uses information
1. read and interpret blueprints
2. organize and apply theories of machine tool operation
3. perform basic semi-precision and precision layout as necessary
D. Systems: Understands complex inter-relationships
1. demonstrate knowledge of the following systems:
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laboratory organization structure: physical and social

a.
b. organization of personnel and facilities on the shop floor
c. systematic approach to the mechanical process
d. dimensioning and measurement systems
€. systematic organization of training materials

2. monitors and corrects performance during
a. the practical process
b. adjustments of individual laboratory work schedule
C. constantly evaluating the quality of work to achieve acceptable

standards
d. maintains record of evaluations and sets individual goals
E. Technology: Works with a variety of technologies
1. chooses procedure, tools and equipment required to perform the task
2. applies appropriate procedures and uses appropriate tools and equipment

to perform the mechanical task to acceptable standards
maintains and troubleshoots equipment

a. applies appropriate preventative maintenance

b when operating machines

C. reports all malfunctions of equipment to supervisor/instructor

d perform clean-up assignments of equipment and shop floor at the

end of the laboratory

IL FOUNDATION SKILLS
A Basic Skills: Reads, writes, performs arithmetic and mathematical operations,
listens and speaks.
L Reading: Locates, understands, and interprets written information in
prose and in documents such as manuals, graphs, and schedules
a. studies student laboratory manual
b. interprets blueprints and technical drawings
c. read/studies textbook
d follow a daily laboratory schedule to maintain appropriate time-line
and task completion
2. Writing: Communicates thoughts, ideas, information, and messages in
writing; and creates documents such as letters, directions, manuals,
reports, graphs, and flow charts

W

a. outline the steps necessary to perform a mechanical task
b. maintain a lecture notebook
c. submit written responses to chapter question assignments
d. complete all written assignments
3. Arithmetic/Mathematics: Perform basic computations and approaches

practical problems by choosing appropriately from a variety of
mathematical techniques

~

a. keeps a running computation of individual grade
b. performs mathematical computations necessary to understand
course
4. Listening: Receives, attends to, interprets, and responds to verbal
messages and other cues
a. assimilate classroom instruction
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b. interpret and assimilate video instruction
c. observe laboratory demonstrations
d. seek and receive individualized instruction in the laboratory
5. Speaking: Organizes ideas and communicates orally
a. participates in classroom discussions
b. organize ideas and communicate specific questions to the instructor
C. verbally affirms understanding of a concept, procedure, or required
skill
d. communicates with peers to ensure the smooth and safe operation
of the laboratory
B. Thinking Skills: Thinks creatively, makes decisions, solves problems, visualizes,
knows how to learn and reasons.
1 Decision Making: Specifies goals and constraints, generates alternatives,
considers risks, and evaluates and chooses best alternative
a. identifies personal goals
b. identifies actions required to accomplish personal goals
2. Problem Solving: Recognizes problems and devises and implements plan
of action
a. makes daily accommodations to stay on schedule
b. seeks additional instruction/clarification for assignment completion
C. balances social and academic life/responsibilities
d. accepts responsibility
3. Seeing Things In the Mind's Eye: Organizes, and processes symbols,
pictures, graphs, objects, and other information
a. interprets technical drawings
b. interprets technical illustrations and symbols
C. understands both written and verbal instructions
d. assimilates process during instructor demonstrations
4. Knowing How to Learn: Use efficient learning techniques to acquire and
apply new knowledge and skills
a. demonstrate mastery of the basic skills and techniques
b. use these sequential skills to support mastery of new skills
c. understand the sequential nature of acquired skills and the
subsequent knowledge application of new skills and techniques
5. Reasoning: Discovers a rule or principle underlying the relationship

between two or more objects and applies it when solving a problem

a. understands that practice may not make it perfect but it certainly
will improve the skill of the operator

b. understands that the quality of the product is a function of the time
of the operation and the attitude and skill of the machinist

c. understands the relationship between different metals and the tool
applied to the metal surface and adjusts machining parameters
accordingly. :

C Personal Qualities: Displays responsibility, self-esteem, sociability, self-
managenient, and integrity and honesty.

1

Responsibility: Exerts a high level of effort and perseveres towards goal
attainment
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a. develops an understanding that in order to be successful you must
be a "good" student

b. develops an understanding that a "good" student is the one who is
prompt to every class and has prepared for the day's work

C. develops an understanding good students know what they are going
to do in class and does not waste time

d. develops a fine work-ethic

Self-Esteem: Believes in own self-worth and maintains a positive view of
self

a. learns to take pride in his or her work through positive
reinforcement

b. sees himself or herself as an asset to the class through continued
contributions to the group and a shared common goal

C. understands that an individual with a positive attitudé and the belief

in their own abilities will systematically seek solutions and be a
valuable employee
Sociability: Demonstrates understandmg, Jriendliness, adaptability,
empathy, and politeness in group settings

a. . assist classmates in improving technical skills
b. assist students with special needs as a peer mentor
c. share laboratory resources (machines, tools and instructor's

individual attention)
Self-Management: Assesses self accurately, sets personal goals,
monitors progress, and exhibits self-control

a. maintain a record of academic achievement (individual grade book)

b. make accommodations to laboratory schedules due to broken
equipment/tools

C. accept the responsibility for self-management

Integrity/Honesty: Chooses ethical courses of action

a. accept the responsibility for own actions

b. exhibit personal honesty at all times :

C. accept the challenge of doing your own work in the laboratory,
during examination, and on outside assignments

d. understand the consequences of unethical behaviors
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MAST PROGRAM

COURSE SYLLABUS .
MICROCOMPUTER FUNDAMENTALS

Lecture hours/week: 4 Lab hours/week: 3 Credit hours: 5

COURSE DESCRIPTION:

Continues the study of digital electronics. Topics include: computer arithmetic, analog to digital
and digital to analog conversion, microcomputer architecture and machine level and assembly
level language programming. Laboratory work parallels class work.

PREREQUISITE: Electronic Devices and Digital Fundamentals

REQUIRED COURSE MATERIALS:

Textbook: The 6800 Microprocessor
METHOD OF INSTRUCTION:
Lecture: Didactic presentations will include lecture and demonstrations.

Laboratory: Laboratory will be a "hands-on" process.

Method of Evaluation: A student's grade will be based on multiple measures of performance.
The assessment will measure development of independent critical thinking skills and will include
evaluation of the student’s ability to:

1. perform the manipulative skills of the craft as required to satisfactorily complete
laboratory assignments

apply theory to laboratory assignments

satisfactorily perform on written, oral, and practical examinations

satisfactorily perform on outside assignments including writing assignments

contribute to class discussions

maintain attendance per current policy

follow all shop rules and safety regulations as stated in the laboratory manual

Nownhkwd

LECTURE OUTLINE:

Lecture Topics Text Reference Page Contact Hrs.
Arithmetic and Logic 8
Adder Circuits

Explain the operation of full
and half adder circuits
Encoder/Decoder Circuits
Explain the operation of

- ; S
e N N O W Ny TR

— }-



S Ty TS e T =»

.

encoder/decoder circuitry
Conversions
Digital to Analog
Construct digital/analog
convertors using
operational-amplifier
summing circuits
Analyze the operation of current
DACs
Determine the resolution and
accuracy of a DAC
Analog to Digital
Construct an A/D converter using
comparators, D/A
convertors, binary
counters, and logic gates
Analyze the operation of a
successive approximation
ADC
Microcomputer Architecture
Tri-State Bus
Explain how data is transferred
between registers connected
by a tri-state bus
System Layout
Draw a block diagram showing the
relationship between system
components linked by address, data
and control busses
Machine Level Language Programming
Machine Code
Analyze instruction words, data and
address words
Explain how control words activate
memory and other registers
Analyze the operation of program
counters, stack registers,
instruction registers, and
memory address registers
Analyze read and write operations
Assembly Level Language Programming
Assembly Language Codes
Identify assembly language operation
codes
Write assembly language programs to
store and retrieve data
Total Lecture Hours
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LAB OUTLINE:
Lab Topics Contact Hrs.

Arithmetic and Logic 6
Adder Circuits
Encoder/Decoder Circuits
Conversions 6
Digital to Analog
Analog to Digital
Microcomputer Architecture 6
Tri-State Bus
System Layout
Machine Level Language Programming 6
Machine Code
Assembly Level Language Programming 6
Assembly Language Codes
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Total Lab Hours 30

COURSE OBJECTIVES: TECHNICAL COMPETENCIES

After the successful completion of this course the student will be able to:
A. PRACTICE SAFETY
1. Follow Safety Manuals and All Safety Regulations/Requirements

a. Assume responsibility for the personal safety of oneself and others
b. Develop a personal attitude towards safety
C. Interpret safety manual directives
d. Comply with established company safety practices

2. Use Protective Equipment .
a. Wear protective safety clothing as required l
b. Locate and properly use protective equipment
c. Use lifting aids when necessary

3. Follow Safe Operating Procedures for Hand and Power Tools l
a. Identify and understand safe machine operating procedures -
b. Demonstrate safe machine operation

4, Maintain a Clean and Safe Work Environment
a. Keep work areas clean
b. Clean machine/hand tools when work is completed
C. Put tools away when work is finished
d. Keep aisles clear of equipment and materials

B. MAINTAIN CONTROL SYSTEMS
L. Configure Software _
2. Troubleshoot and Maintain PLCs and Motor Control Systems
C. COLLECT AND FILE DATA
L. Program PLCs
D. PARTICIPATE IN CONTINUING EDUCATION ACTIVITIES
1. Understand Personal Computers
2. Attend PLC Training
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E. TROUBLESHOOT, INSTALL, MAINTAIN AND OPERATE MOTOR

CONTROL SYSTEMS
1. Troubleshoot, Install, Maintain, and Operate PLC Systems, i.e., PLC and DCS
Networks

COURSE OBJECTIVES: SCANS COMPETENCIES

The Secretary’s Commission on Achieving Necessary Skills (SCANS), U.S. Department of Labor,
has identified in its “AMERICA 2000 REPORT” that all students should develop a new set of
competencies and foundation skills if they are to enjoy a productive, full and satisfying life.
These are in addition to the Technical Workplace Competencies required by industry. SCANS is
made up of five competencies and a three-part foundation of skills and personal qualities that
are needed for solid job performance.

The following activities will be performed by each student for successful completion of this
course:

L COMPETENCIES

A Resources: Identifies, organizes, plans, and allocates resources
1. follows a schedule to complete assigned tasks on time
2. determine the initial cost of materials and "value added" as result of work
3. complete a stock request form for required material
4. provide a self-evaluation of performance based on the time and quality of
_ work
B. Interpersonal: Works with others
1. complete assigned responsibilities within the shop floor serving as a
member of the team :
2. provide individual assistance/direction to peers as requested
3. perform work to acceptable levels of quality as required
4. works well with all members of the class
C Information: Acquires and uses information
1. read and interpret blueprints
2. organize and apply theories of machine tool operation
3. perform basic semi-precision and precision layout as necessary
D. Systems: Understands complex inter-relationships
1. demonstrate knowledge of the following systems:
a. laboratory organization structure: physical and social
b organization of personnel and facilities on the shop floor
c. systematic approach to the mechanical process
d. dimensioning and measurement systems
e systematic organization of training materials
2. monitors and corrects performance during
a. the practical process
b. adjustments of individual laboratory work schedule
C. constantly evaluating the quality of work to achieve acceptable
standards
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E.

d. maintains record of evaluations and sets individual goals

Technology: Works with a variety of technologies

1.
2.

chooses procedure, tools and equipment required to perform the task
applies appropriate procedures and uses appropriate tools and equipment
to perform the mechanical task to acceptable standards

maintains and troubleshoots equipment

a. applies appropriate preventative maintenance

b when operating machines

c. reports all malfunctions of equipment to supervisor/instructor

d perform clean-up assignments of equipment and shop floor at the

end of the laboratory

IL FOUNDATION SKILLS

Basic Skills: Reads, writes, performs arithmetic and mathematical operations,
listens and speatks. :

A

1

Reading: Locates, understands, and interprets written information in
prose and in documents such as manuals, graphs, and schedules

a. studies student laboratory manual

b. interprets blueprints and technical drawings

C. read/studies textbook

d follow a daily laboratory schedule to maintain appropriate time-line

and task completion
Writing: Communicates thoughts, ideas, information, and messages in
writing; and creates documents such as letters, directions, manuals,
reports, graphs, and flow charts

a. outline the steps necessary to perform a mechanical task

b. maintain a lecture notebook

c. submit written responses to chapter question assignments
. d. complete all written assignments

Arithmetic/Mathematics: Perform basic computations and approaches
practical problems by choosing appropriately from a variety of
mathematical techniques

a. keeps a running computation of individual grade
b. performs mathematical computations necessary to understand
course

Listening: Receives, attends to, interprets, and responds to verbal
messages and other cues

a. assimilate classroom instruction

b. interpret and assimilate video instruction

c. observe laboratory demonstrations

d. seek and receive individualized instruction in the laboratory

Speaking: Organizes ideas and communicates orally

a. participates in classroom discussions

b. organize ideas and communicate specific questions to the instructor

C. verbally affirms understanding of a concept, procedure, or required
skill

d. communicates with peers to ensure the smooth and safe operation

of the laboratory
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B. Thinking Skills: Thinks creatively, makes decisions, solves problems, visualizes,
knows how to learn and reasons.

L

Decision Making: Specifies goals and constraints, generates alternatives,
considers risks, and evaluates and chooses best alternative

a. identifies personal goals

b. identifies actions required to accomplish personal goals

Problem Solving: Recognizes problems and devises and implements plan
of action

a. makes daily accommodations to stay on schedule

b. seeks additional instruction/clarification for assignment completion
c. balances social and academic life/responsibilities

d. accepts responsibility

Seeing Things In the Mind's Eye: Organizes, and processes symbols,
pictures, graphs, objects, and other information

a. interprets technical drawings

b. interprets technical illustrations and symbols

c. understands both written and verbal instructions

d. assimilates process during instructor demonstrations

Knowing How to Learn: Use efficient learning techniques to acquire and
apply new knowledge and skills

a. demonstrate mastery of the basic skills and techniques
b. use these sequential skills to support mastery of new skills
c. understand the sequential nature of acquired skills and the

subsequent knowledge application of new skills and techniques

Reasoning: Discovers a rule or principle underlying the relationship

between two or more objects and applies it when solving a problem

a. understands that practice may not make it perfect but it certainly
will improve the skill of the operator

b. understands that the quality of the product is a function of the time -
of the operation and the attitude and skill of the machinist

c. understands the relationship between different metals and the tool
applied to the metal surface and adjusts machining parameters
accordingly

C Personal Qualities: Displays responsibility, self-esteem, sociability, self-
management, and integrity and honesty.

L

Responsibility: Exerts a high level of effort and perseveres towards goal
attainment

a. develops an understanding that in order to be successful you must
be a "good" student

b. develops an understanding that a "good" student is the one who is
prompt to every class and has prepared for the day's work

C. develops an understanding good students know what they are going
to do in class and does not waste time

d. develops a fine work-ethic

Self-Esteem: Believes in own self-worth and maintains a positive view of

self

a. learns to take pride in his or her work through positive
reinforcement
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b. sees himself or herself as an asset to the class through continued
contributions to the group and a shared common goal
c. understands that an individual with a positive attitude and the belief

in their own abilities will systematlcally seek solutions and be a
valuable employee
Sociability: Demonstrates understanding, friendliness, adaptability,
empathy, and politeness in group settings

a. assist classmates in improving technical skills
b. assist students with special needs as a peer mentor
c. share laboratory resources (machines, tools and instructor's

individual attention)

Self-Management: Assesses self accurately, sets personal goals,
monitors progress, and exhibits self-control

a. maintain a record of academic achievement (individual grade book)

b. make accommodations to laboratory schedules due to broken
equipment/tools

c. accept the responsibility for self-management

Integrity/Honesty: Chooses ethical courses of actzon

a. accept the responsibility for own actions

b. exhibit personal honesty at all times

c. accept the challenge of doing your own work in the laboratory,
during examination, and on outside assignments

d. understand the consequences of unethical behaviors
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MAST PROGRAM
COURSE SYLLABUS |
PROGRAMMABLE CONTROLLERS

“

Lecture hours/week: 3 Lab hours/week: 3 Credit hours: 4

COURSE DESCRIPTION:

Empbhasizes an in-depth study of the programmable controller with programming applications
involving controlling industrial processes. Topics include: supplies, ladder diagrams, relay logic
timers, and counters; Networking is introduced and communications protocol is investigates.
Lab work parallels class work.

PREREQUISITE: Digital Fundamentals
COREQUISITE: Electromechanical Devices

REQUIRED COURSE MATERIALS:

Textbook: Technician’s Guide to Programmable Logic Controllers, by Cox
METHOD OF INSTRUCTION:
Lecture: Didactic presentations will include lecture and demonstrations.

Laboratory: Laboratory will be a "hands-on" process.

Method of Evaluation: A student's grade will be based on multiple measures of performance.
The assessment will measure development of independent critical thinking skills and will include
evaluation of the student’s ability to:

1. perform the manipulative skills of the craft as required to satisfactorily complete
laboratory assignments

apply theory to laboratory assignments

satisfactorily perform on written, oral, and practical examinations

satisfactorily perform on outside assignments including writing assignments

contribute to class discussions

maintain attendance per current policy

follow all shop rules and safety regulations as stated in the laboratory manual
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LECTURE OUTLINE:

Lecture Topics Text Reference Page Contact Hrs.
Introduction and Hardware Chapters 1 and 2
Basic Concepts Chapters 3 and 4

Test 1
Program Panels and Relay
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Equivalents Chapters 5 and 6
Test 2
Timers, Counters, and Data

Manipulation Chapters 8,9, 10, 11, 12, 13 and 14
Test 3
User Program and Editing

Functions
Test 4
Coding and Documentation of

Program
Review Program

Total Lecture Hours 30

LAB OUTLINE:

Lab Topics Contact Hrs.

Identify and List Functions of the Various Sections of a Programmable
Controller System, Chapters 1 and 2
Locate and Identify the Functions of the Various Diagnostic Indicators,
Chapters 3 and 4 to page 49
Assign an Address to Designated Terminals, Chapters 5, 7, 8 and 9
Identify the Address of Words in Memory, Chapters 10, 11, 12, 13, 14
Enter Various Rungs Using PC Equipment
Identify the Various Types of Instructions Using PC Equipment
Troubleshoot the PC System, MSQD and AB 5/10 —
Total Lab Hours 30

COURSE OBJECTIVES: TECHNICAL COMPETENCIES
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After the successful completion of this course the student will be able to:

PRACTICE SAFETY
1. Follow Safety Manuals and All Safety Regulations/Requirements
a. Assume responsibility for the personal safety of oneself and others
b. Develop a personal attitude towards safety
C. Interpret safety manual directives
d. Comply with established company safety practices
2. Use Protective Equipment
a. Wear protective safety clothing as required
b. Locate and properly use protective equipment
C. Use lifting aids when necessary
3. Follow Safe Operating Procedures for Hand and Power Tools
a. Identify and understand safe machine operating procedures
b. Demonstrate safe machine operation
4, Maintain a Clean and Safe Work Environment
a. Keep work areas clean
b. Clean machine/hand tools when work is completed
c. Put tools away when work is finished
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d. Keep aisles clear of equipment and materials

B. MAINTAIN CONTROL SYSTEMS
Proper Storage of Circuit Boards
Collect and Record Data According to Company Requirements
Test and Calibrate Transducers According to Specs
Perform Preventive Maintenance Procedures for Control Devices
Test and/or Replace Printed Circuit Boards
Function Check Individual Elements Within Loop
Troubleshoot Different Types of System Modules
Test Different Types of System Modules
Configure Software

10.  Repair Different Types of System Modules

11.  Install Control System Hardware

12. Simulate Control System Check

13.  Loop-Check Control System

14.  Perform On-Line Testing

15.  Troubleshoot and Maintain PLCs and Motor Control Systems
C. MAINTAIN FIELD INSTRUMENTATION DEVICES
Test and Calibrate Pressure, Level, Flow, Temperature Switches
Troubleshoot and Repair Pressure, Level, Flow, Temperature Switches
Adjust Dampers and Positioners
Troubleshoot and Adjust Control Drive (Damper)
Test and Calibrate Indicators and Gauges -
Troubleshoot and Repair Indicators
Test and Calibrate Transmitters
Test and Calibrate Recorders
Troubleshoot and Repair Recorders
10.  Troubleshoot Linear Variable Differential Transformers
11. Troubleshoot, Repair, and Calibrate Transmitters
12.  Test Different Field Sensing Elements

WX Nh WD =

WX bW =

a. flow

b. temperature
c. pressure

d. level

13.  Install/Replace Field Sensing Elements

14.  Troubleshoot and Repair Transmitters

15.  Tune Controllers: Pneumatic and Electronic

16.  Troubleshoot and Repair Plant Computing Systems Relating to Process Controls
17.  Troubleshoot and Repair Solenoid Valves

18.  Perform Preventive Maintenance Procedures for Field Devices
19.  Test and Repair Thermocouples

20.  Check and Test Vibration Sensing Elements

21.  Inspect and Troubleshoot Power Supplies and Converters

22.  Test and Calibrate Control Valve Actuators

23.  Troubleshoot and Repair Control Valves/Positioners

24.  Test and Calibrate Controllers

25.  Troubleshoot and Repair Local Controllers

26.  Troubleshoot and Repair Electronic Computing Relays
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27.  Troubleshoot and Repair Analyzers
28.  Test and Calibrate Air Analyzers
29.  Test and Calibrate Water Analyzers
30.  Troubleshoot Servo Valves
31.  Calibrate Servo Valves
32.  Test and Clean Video Display Unit
33.  Check and Adjust Video Display Unit
34.  Specify and Configure Smart Field Devices, i.e., Transmitters and Valves
35.  Operate Control Systems Including Single Element Cascade, Ratio, and
Feedforward
36.  Test and Calibrate Gas Analyzers
D. PARTICIPATE IN CONTINUING EDUCATION ACTIVITIES
Read/Interpret Diagrams and Drawings
Sketch Diagrams _
Study Technical Equipment Information
Application of ISA/JIC Standards
Understand Proper Use of Test Equipment and Tools
Learn to Write Technical Reports
Acquire Safe Practices for Handling Hydraulic and Special Tools
Utilize Technical Manuals
Understand Personal Computers
10.  Attend on-going Safety Training Courses
11.  Participate in Plant Related Training
12.  Attend PLC Training
13.  Attend DCS Training
E. © MAINTAIN AND CONTROL INVENTORY ACCORDING TO COMPANY
: POLICIES AND PROCEDURES
1. Learn to Review and Forecast Spare Parts Inventory
2 Prepare Parts Request
3. Verify Parts Received
4 Research/Verify Substitute Specifications
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COURSE OBJECTIVES: SCANS COMPETENCIES

The Secretary’s Commission on Achieving Necessary Skills (SCANS), U.S. Department of Labor,
has identified in its “AMERICA 2000 REPORT” that all students should develop a new set of
competencies and foundation skills if they are 'to enjoy a productive, full and satisfying life.
These are in addition to the Technical Workplace Competencies required by industry. SCANS is
made up of five competencies and a three-part foundation of skills and personal qualities that
are needed for solid job performance.

The following activities will be performed by each student for successful completion of this
course:

I COMPETENCIES
A. Resources: Identifies, organizes, plans, and allocates resources
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1. follows a schedule to complete assigned tasks on time
2. determine the initial cost of materials and "value added" as result of work
3. complete a stock request form for required material
4, provide a self-evaluation of performance based on the time and quality of
work
B. Interpersonal: Works with others
1. complete assigned responsibilities within the shop floor serving as a
member of the team
2. provide individual assistance/direction to peers as requested
3. perform work to acceptable levels of quality as required
4, works well with all members of the class
C Information: Acquires and uses information
1. read and interpret blueprints
2. organize and apply theories of machine tool operation
3. perform basic semi-precision and precision layout as necessary
D. Systems: Understands complex inter-relationships
1. demonstrate knowledge of the following systems:
a. laboratory organization structure: physical and social
b. organization of personnel and facilities on the shop floor
c. systematic approach to the mechanical process
d. dimensioning and measurement systems
e. systematic organization of training materials
2. monitors and corrects performance during
a. the practical process
b. adjustments of individual laboratory work schedule
C. constantly evaluating the quality of work to achieve acceptable
standards
d. maintains record of evaluations and sets individual goals
E. Technology: Works with a variety of technologies
1. chooses procedure, tools and equipment required to perform the task
2. applies appropriate procedures and uses appropriate tools and equipment
to perform the mechanical task to acceptable standards
3. maintains and troubleshoots equipment
a. applies appropriate preventative maintenance
b when operating machines
c. reports all malfunctions of equipment to supervisor/instructor
d perform clean-up assignments of equipment and shop floor at the

end of the laboratory

IL FOUNDATION SKILLS
A Basic Skills: Reads, writes, per;forms arithmetic and mathematical operations,

listens and speaks.

1 Reading: Locates, understands, and interprets written information in
prose and in documents such as manuals, graphs, and schedules
a. studies student laboratory manual
b. interprets blueprints and technical drawings
c. read/studies textbook
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d. follow a daily laboratory schedule to maintain appropriate time-line
and task completion

Writing: Communicates thoughts, ideas, information, and messages in

writing, and creates documents such as letters, directions, manuals,

reports, graphs, and flow charts

a. outline the steps necessary to perform a mechanical task
b. maintain a lecture notebook

c. submit written responses to chapter question assignments
d. complete all written assignments

Arithmetic/Mathematics: Perform basic computations and approaches
practical problems by choosing appropriately from a variety of
mathematical techniques

a. keeps a running computation of individual grade
b. performs mathematical computations necessary to understand
course

Listening: Receives, attends to, interprets, and responds to verbal
messages and other cues

a. assimilate classroom instruction

b. interpret and assimilate video instruction

c. observe laboratory demonstrations

d. seek and receive individualized instruction in the laboratory

Speaking: Organizes ideas and communicates orally

a. participates in classroom discussions

b. organize ideas and communicate specific questions to the instructor

c. verbally affirms understanding of a concept, procedure, or required
skill

d. communicates with peers to ensure the smooth and safe operation
of the laboratory

Thinking Skills: Thinks creatively, makes decisions, solves problems, visualizes,
knows how to learn and reasons.

1

Decision Making: Specifies goals and constraints, generates alternatives,
considers risks, and evaluates and chooses best alternative

a. identifies personal goals

b. identifies actions required to accomplish personal goals

Problem Solving: Recognizes problems and devises and implements plan
of action

a. makes daily accommodations to stay on schedule

b. seeks additional instruction/clarification for assignment completion
c. balances social and academic life/responsibilities

d. accepts responsibility

Seeing Things In the Mind's Eye: Organizes, and processes symbols,
pictures, graphs, objects, and other information

a. interprets technical drawings

b. interprets technical illustrations and symbols

c. understands both written and verbal instructions

d. assimilates process during instructor demonstrations

Knowing How to Learn: Use efficient learning techniques to acquire and
apply new knowledge and skills
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5.

demonstrate mastery of the basic skills and techniques

use these sequential skills to support mastery of new skills

c. understand the sequential nature of acquired skills and the
subsequent knowledge application of new skills and techniques

Reasoning: Discovers a rule or principle underlying the relationship

between two or more objects and applies it when solving a problem

a. understands that practice may not make it perfect but it certainly
will improve the skill of the operator

b. understands that the quality of the product is a function of the time
of the operation and the attitude and skill of the machinist

c. understands the relationship between different metals and the tool

applied to the metal surface and adjusts machining parameters

accordingly.

o e

C Personal Qualities: Displays responsibility, self-esteem, sociability, self-
management, and integrity and honesty.

1.

Responsibility: Exerts a high level of effort and perseveres towards goal
attainment

a. develops an understanding that in order to be successful you must
be a "good" student

b. develops an understanding that a "good" student is the one who is
prompt to every class and has prepared for the day's work

c. develops an understanding good students know what they are going
to do in class and does not waste time

d. develops a fine work-ethic

Self-Esteem: Believes in own self-worth and maintains a positive view of
self

a. learns to take pride in his or her work through positive
reinforcement

b. sees himself or herself as an asset to the class through continued
contributions to the group and a shared common goal

c. understands that an individual with a positive attitude and the belief

in their own abilities will systematically seek solutions and be a
valuable employee
Sociability: Demonstrates understanding, friendliness, adaptability,
empathy, and politeness in group settings

a. assist classmates in improving technical skills
b. assist students with special needs as a peer mentor
c. share laboratory resources (machines, tools and instructor's

individual attention)
Self-Management: Assesses self accurately, sets personal goals,
monitors progress, and exhibits self-control

a. maintain a record of academic achievement (individual grade book)

b. make accommodations to laboratory schedules due to broken
equipment/tools

c. accept the responsibility for self-management

Integrity/Honesty: Chooses ethical courses of action

a. accept the responsibility for own actions

b. exhibit personal honesty at all times
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C. accept the challenge of doing your own work in the laboratory,
during examination, and on outside assignments
d. understand the consequences of unethical behaviors
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MAST PROGRAM

COURSE SYLLABUS
MOTOR CONTROLS

Lecture hours/week: 4 Lab hours/week: 3 Credit hours: §

COURSE DESCRIPTION:

Emphasizes the principles of motor controls from fractional horse-power to large magnetic starters,
including starting polyphase induction, synchronous, wound rotor and direct current motors. Topics
includes: Control pilot devices, control circuits and AC reduced voltage starters, three-phase
induction, wound rotor and synchronous motor controls, DC motors and solid state motor controls.

PREREQUISITE: Electromechanical Devices

REQUIRED COURSE MATERIALS:

Textbook: Industrial Motor Controls, W. Alerich
ETM
Lab Manual: li e DC Motor Control Laboratory Manual
Hand Tools/Quantity Required:
VOM 1
Hand Tools varies
METHOD OF INSTRUCTION:
Lecture: Didactic presentations will include lecture, video and demonstrations.

Laboratory: Laboratory will be a "hands-on" process.

Method of Evaluation: A student's grade will be based on multiple measures of performance.
The assessment will measure development of independent critical thinking skills and will include
evaluation of the student’s ability to:

1. perform the manipulative skills of the craft as required to satisfactorily complete
laboratory assignments

apply theory to laboratory assignments

satisfactorily perform on written, oral, and practical examinations

satisfactorily perform on outside assignments including writing assignments

contribute to class discussions

maintain attendance per current policy

follow all shop rules and safety regulations as stated in the laboratory manual

NowvaAawbd
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LECTURE OUTLINE:

Lecture Topics Text Reference Page

Contact Hrs.

Three-Phase Circuits Review

General Principles of Motor Control
Fractional Horse-Power
Starters

Magnetic Line Voltage Starters,
Control Stations Relays and
Contactors

Test #1

Timing Devices, Pilot Devices
Control Circuits and Symbols,
Schematic and Wiring Diagrams,
Conversion From Wiring to
Schematic

Test #2

Diagrams and Basic Control Circuits,
Three-Phase Induction Motor

Midterm

Single-Phase Induction Motor,
Interlocking Methods, Various
Reduced Voltage Starting
Multi Speed Induction Motors
and Their Controls

Wound Rotor Motor Theory and
Operation

Manual and Automatic Acceleration
of Wound Rotor Motor

Test #3

Synchronous Motor Theory and
Operations

Synchronous Motor Controls

DC Motor Theory and Operations

DC Motor Controls

Test #4

Introduction to Solid State Motor
Control, Variable Speed DC
Drives

Test #5

Variable Frequency Speed Control,
Static Logic Control

Review for Final Exam

Total Lecture Hours

LAB OUTLINE:

40

Lab Topics

Contact Hrs.

Connect a Push-Button Station to Operate a Relay and a Motor
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(Three-wire Control)
(Two Wire Control)

Connect a Selector Switch (Hands-on Automatic) and Pressure Switch
(Substitute Toggle Switch to Operate a Relay and Load)

Connect a Motor Starter with a Start-Stop and a Jog Control Circuit
Using a Control Relay

Connect Two Forward and Two Reverse Control Stations with
Push-button and Auxiliary Contact Interlock

Dismantle a Three Phase Line Starter, Identifying All Parts and
State the Purpose of Each and Reassemble

Speed Control of a DC Motor and Study of its Characteristics

Connect a Diac-SCR Variable Speed DC Drive and Study its
Characteristics

Connect a Diac-Triac Variable Speed DC Drive and Study its
Characteristics

Study the Characteristics of Various Static Logic Control Elements
and Connect Different Control Schemes Using These Schemes

Open Laboratory

Total Lab Hours 30

COURSE OBJECTIVES: TECHNICAL COMPETENCIES

After the successful completion of this course the student will be able to:
A. PRACTICE SAFETY

1. Follow Safety Manuals and All Safety Regulations/Requirements

a. Assume responsibility for the personal safety of oneself and others
b. Develop a personal attitude towards safety
c. Interpret safety manual directives
d. Comply with established company safety practices
2. Use Protective Equipment
a. Wear protective safety clothing as required
b. Locate and properly use protective equipment
c. Use lifting aids when necessary
3. Follow Safe Operating Procedures for Hand and Power Tools
a. Identify and understand safe machine operating procedures
b. Demonstrate safe machine operation
4. Maintain a Clean and Safe Work Environment
a. Keep work areas clean
b. Clean machine/hand tools when work is completed
c. Put tools away when work is finished
d. Keep aisles clear of equipment and materials

B. MAINTAIN CONTROL SYSTEMS

Proper Storage of Circuit Boards

Collect and Record Data According to Company Requirements
Test and Calibrate Transducers According to Specs

Perform Preventive Maintenance Procedures for Control Devices
Test and/or Replace Printed Circuit Boards

nNh W -
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15.

Function Check Individual Elements Within Loop
Troubleshoot Different Types of System Modules

Test Different Types of System Modules

Configure Software

Repair Different Types of System Modules

Install Control System Hardware

Simulate Control System Check

Loop-Check Control System

Perform On-Line Testing

Troubleshoot and Maintain PLCs and Motor Control Systems

MAINTAIN FIELD INSTRUMENTATION DEVICES
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13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.

Test and Calibrate Pressure, Level, Flow, Temperature Switches
Troubleshoot and Repair Pressure, Level, Flow, Temperature Switches
Adjust Dampers and Positioners

Troubleshoot and Adjust Control Drive (Damper)

Test and Calibrate Indicators and Gauges

Troubleshoot and Repair Indicators

Test and Calibrate Transmitters

Test and Calibrate Recorders

Troubleshoot and Repair Recorders

Troubleshoot Linear Variable Differential Transformers
Troubleshoot, Repair, and Calibrate Transmitters

Test Different Field Sensing Elements

a. flow

b. temperature
C. pressure

d. level

Install/Replace Field Sensing Elements
Troubleshoot and Repair Transmitters
Tune Controllers: Pneumatic and Electronic

Troubleshoot and Repair Plant Computing Systems Relating to Process Controls

Troubleshoot and Repair Solenoid Valves

Perform Preventive Maintenance Procedures for Field Devices
Test and Repair Thermocouples

Check and Test Vibration Sensing Elements

Inspect and Troubleshoot Power Supplies and Converters
Test and Calibrate Control Valve Actuators
Troubleshoot and Repair Control Valves/Positioners

Test and Calibrate Controllers

Troubleshoot and Repair Local Controllers

Troubleshoot and Repair Electronic Computing Relays
Troubleshoot and Repair Analyzers

Test and Calibrate Air Analyzers

Test and Calibrate Water Analyzers

Troubleshoot Servo Valves

Calibrate Servo Valves

Test and Clean Video Display Unit

Check and Adjust Video Display Unit



34. Specify and Configure Smart Field Devices, i.e., Transmitters and Valves
35. Operate Control Systems Including Single Element, Cascade, Ratio, and
Feedforward
36.  Test and Calibrate Gas Analyzers
D. PARTICIPATE IN CONTINUING EDUCATION ACTIVITIES
‘ Read/Interpret Diagrams and Drawings
Sketch Diagrams
Study Technical Equipment Information
Application of ISA/JIC Standards
Understand Proper Use of Test Equipment and Tools
Learn to Write Technical Reports
Acquire Safe Practices for Handling Hydraulic and Special Tools
Utilize Technical Manuals
. Understand Personal Computers
10.  Attend On-Going Safety Training Courses
11.  Participate in Plant Related Training
12.  Attend PLC Training
13.  Attend DCS Training
E. MAINTAIN AND CONTROL INVENTORY ACCORDING TO COMPANY
POLICIES AND PROCEDURES
1. Learn to Review and Forecast Spare Parts Inventory
2, Prepare Parts Request
3. Verify Parts Received
4, Research/Verify Substitute Specifications

V0NN A WN

COURSE OBJECTIVES: SCANS COMPETENCIES

The Secretary’s Commission on Achieving Necessary Skills (SCANS), U.S. Department of Labor,
has identified in its “AMERICA 2000 REPORT” that all students should develop a new set of
competencies and foundation skills if they are to enjoy a productive, full and satisfying life.
These are in addition to the Technical Workplace Competencies required by industry. SCANS is
made up of five competencies and a three-part foundation of skills and personal qualities that
are needed for solid job performance.

The following acti\-/ities will be performed by each student for successful completion of this
course:

L COMPETENCIES

A Resources: Identifies, organizes, plans, and allocates resources
1. follows a schedule to complete assigned tasks on time
2. determine the initial cost of materials and "value added" as result of work
3. complete a stock request form for required material
4 provide a self-evaluation of performance based on the time and quality of
work
B. Interpersonal: Works with others
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1. complete assigned responsibilities within the shop floor serving as a
member of the team

2. provide individual assistance/direction to peers as requested

3. perform work to acceptable levels of quality as required

4. works well with all members of the class
C Information: Acquires and uses information

1. read and interpret blueprints

2. organize and apply theories of machine tool operation

3. perform basic semi-precision and precision layout as necessary
D. Systems: Understands complex inter-relationships

1. demonstrate knowledge of the following systems:

a laboratory organization structure: physical and social

b organization of personnel and facilities on the shop floor
c. systematic approach to the mechanical process

d dimensioning and measurement systems

e. systematic organization of training materials

2. monitors and corrects performance during
a. the practical process
b. adjustments of individual laboratory work schedule
c. constantly evaluating the quality of work to achieve acceptable

standards
d. maintains record of evaluations and sets individual goals
E. Technology: Works with a variety of technologies

1. chooses procedure, tools and equipment required to perform the task

2. applies appropriate procedures and uses appropriate tools and equipment
to perform the mechanical task to acceptable standards

3. maintains and troubleshoots equipment
a. applies appropriate preventative maintenance
b. when operating machines
c. reports all malfunctions of equipment to supervisor/instructor
d perform clean-up assignments of equipment and shop floor at the

end of the laboratory

IL FOUNDATION SKILLS
A Basic Skills: Reads, writes, performs arithmetic and mathematical operations,

listens and speaks.

1 Reading: Locates, understands, and interprets written information in
prose and in documents such as manuals, graphs, and schedules
a. studies student laboratory manual
b interprets blueprints and technical drawings
C. read/studies textbook
d follow a daily laboratory schedule to maintain appropriate time-line

and task completion

2. Writing: Communicates thoughts, ideas, information, and messages in
writing; and creates documents such as letters, directions, manuals,
reports, graphs, and flow charts
a. outline the steps necessary to perform a mechanical task
b. maintain a lecture notebook

’
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c. submit written responses to chapter question assignments

d. complete all written assignments

Arithmetic/Mathematics: Perform basic computations and approaches
practical problems by choosing appropriately from a variety of
mathematical techniques

a. keeps a running computation of individual grade
b. performs mathematical computations necessary to understand
course

Listening: Receives, attends to, interprets, and responds to verbal
messages and other cues

a. assimilate classroom instruction

b. interpret and assimilate video instruction

c. observe laboratory demonstrations

d. seek and receive individualized instruction in the laboratory

Speaking: Organizes ideas and communicates orally

a. participates in classroom discussions

b. organize ideas and communicate specific questions to the instructor

c. verbally affirms understanding of a concept, procedure, or required
skill

d. communicates with peers to ensure the smooth and safe operation

of the laboratory

Thinking Skills: Thinks creatively, makes decisions, solves problems, visualizes,
knows how to learn and reasons.

1

Decision Making: Specifies goals and constraints, generates alternatives,
considers risks, and evaluates and chooses best alternative

a. identifies personal goals

b. identifies actions required to accomplish personal goals

Problem Solving: Recognizes problems and devises and implements plan
of action

a. makes daily accommodations to stay on schedule

b. seeks additional instruction/clarification for assignment completion
c. balances social and academic life/responsibilities

d. accepts responsibility

Seeing Things In the Mind's Eye: Organizes, and processes symbols,
pictures, graphs, objects, and other information

a. interprets technical drawings

b. interprets technical illustrations and symbols

c. understands both written and verbal instructions

d. assimilates process during instructor demonstrations

Knowing How to Learn: Use efficient learning techniques to acquire and
apply new knowledge and skills

a. demonstrate mastery of the basic skills and techniques
b. use these sequential skills to support mastery of new skills
c. understand the sequential nature of acquired skills and the

subsequent knowledge application of new skills and techniques
Reasoning: Discovers a rule or principle underlying the relationship
between two or more objects and applies it when solving a problem
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a. understands that practice may not make it perfect but it certainly
will improve the skill of the operator
b. understands that the quality of the product is a function of the time
of the operation and the attitude and skill of the machinist
C. understands the relationship between different metals and the tool
applied to the metal surface and adjusts machining parameters
accordingly
C Personal Qualities: Displays responsibility, self-esteem, sociability, self-
management, and integrity and honesty.
1 Responsibility: Exerts a high level of effort and perseveres towards goal

attainment

a. develops an understanding that in order to be successful you must
be a "good" student

b. develops an understanding that a "good" student is the one who is
prompt to every class and has prepared for the day's work

c. develops an understanding good students know what they are going
to do in class and does not waste time

d. develops a fine work-ethic

2. Self-Esteem: Believes in own self-worth and maintains a positive view of

self

a. learns to take pride in his or her work through positive
reinforcement

b. sees himself or herself as an asset to the class through continued
contributions to the group and a shared common goal

c. understands that an individual with a positive attitude and the belief

in their own abilities will systematically seek solutions and be a
valuable employee

3. Sociability: Demonstrates understanding, friendliness, adaptability,
empathy, and politeness in group settings
a. assist classmates in improving technical skills
b. assist students with special needs as a peer mentor
c. share laboratory resources (machines, tools and instructor's
individual attention)
4. Self-Management: Assesses self accurately, sets personal goals,
monitors progress, and exhibits self-control
a. maintain a record of academic achievement (individual grade book)
b. make accommodations to laboratory schedules due to broken
equipment/tools
c. accept the responsibility for self-management
5. Integrity/Honesty: Chooses ethical courses of action
a. accept the responsibility for own actions
b. exhibit personal honesty at all times
C. accept the challenge of doing your own work in the laboratory,
during examination, and on outside assignments
d. understand the consequences of unethical behaviors
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MAST PROGRAM

COURSE SYLLABUS
INTRODUCTION TO PROCESS CONTROL

“
Lecture hours/week: 2 Lab hours/week: 6 Credit hours: 4

COURSE DESCRIPTION:

Emphasizes the knowledge and skills required to draw and interpret standard ISA drawings. Topics
include: instrumentation symbols, loop identification, open-loop control, closed-loop control, single-
loop control and multi-loop control.

PREREQUISITE: Engineering Graphics I

COREQUISITE: Fluids, Heat, Sound and Light

REQUIRED COURSE MATERIALS:

Textbook: Instrumentation, by Kirk and Rimboi
Lab Manual: Instrumentation, by Kirk and Rimboi
Hand Tools/Quantity Required:

Hand Tools

Safety Glasses

Test Equipment

Calibration Equipment

METHOD OF INSTRUCTION:

Lecture: Didactic presentations will include lecture and demonstrations.
Laboratory: Laboratory will be a "hands-on" process.

Method of Evaluation: A student's grade will be based on multiple measures of performance.
The assessment will measure development of independent critical thinking skills and will include
evaluation of the student’s ability to:

1. perform the manipulative skills of the craft as required to satisfactorily complete
laboratory assignments

apply theory to laboratory assignments

satisfactorily perform on written, oral, and practical examinations

satisfactorily perform on outside assignments including writing assignments

contribute to class discussions

maintain attendance per current policy

follow all shop rules and safety regulations as stated in the laboratory manual

204

NoOUnhRWUDN



LECTURE OUTLINE:

Lecture Topics Text Reference Page Contact Hrs.
Instrumentation Symbols 2
Loop Identification 2
Test #1 _

Open Loop 2

Test #2

Closed Loop 2

Single Loop ' 2

Test #3

Multiloop 10
Total Lecture Hours 20

LAB OUTLINE:

' » Lab Topics Contact Hrs.
Draw a Level Control Loop 6
Draw a Flow Control Loop 6
Draw a Temperature Control Loop 6
Draw a Pressure Control Loop 6
Draw a Density Control Loop 6
Draw a Multi-Loop Control 30

Total Lab Hours 60

COURSE OBJECTIVES: TECHNICAL COMPETENCIES

- After the successful completion of this course the student will be able to:
A. PRACTICE SAFETY

1. Follow Safety Manuals and All Safety Regulations/Requirements
a. Assume responsibility for the personal safety of oneself and others
b. Develop a personal attitude towards safety
C. Interpret safety manual directives
d. Comply with established company safety practices
2. Use Protective Equipment
a. Wear protective safety clothing as required
b. Locate and properly use protective equipment
C. Use lifting aids when necessary
3. Follow Safe Operating Procedures for Hand and Power Tools
a. Identify and understand safe machine operating procedures
b. Demonstrate safe machine operation
4. Maintain a Clean and Safe Work Environment
a. Keep work areas clean
b. Clean machine/hand tools when work is completed
c. Put tools away when work is finished
d. Keep aisles clear of equipment and materials
B. MAINTAIN CONTROL SYSTEMS
1. Proper Storage of Circuit Boards
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10.
11
12.
13.
14.

15.

Collect and Record Data According to Company Requirements
Test and Calibrate Transducers According to Specs

Perform Preventive Maintenance Procedures for Control Devices
Test and/or Replace Printed Circuit Boards

Function Check Individual Elements Within Loop
Troubleshoot Different Types of System Modules

Test Different Types of System Modules

Configure Software

Repair Different Types of System Modules

Install Control System Hardware

Simulate Control System Check

Loop-Check Control System

Perform On-Line Testing

Troubleshoot and Maintain PLCs and Motor Control Systems

MAINTAIN FIELD INSTRUMENTATION DEVICES

WO N R WM~

P kb
D= o

13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.

Test and Calibrate Pressure, Level, Flow, Temperature Switches
Troubleshoot and Repair Pressure, Level, Flow, Temperature Switches
Adjust Dampers and Positioners

Troubleshoot and Adjust Control Drive (Damper)

Test and Calibrate Indicators and Gauges

Troubleshoot and Repair Indicators

Test and Calibrate Transmitters

Test and Calibrate Recorders -

Troubleshoot and Repair Recorders

Troubleshoot Linear Variable Differential Transformers
Troubleshoot, Repair, and Calibrate Transmitters

Test Different Field Sensing Elements

a. flow

b. temperature
c. pressure

d. level

Install/Replace Field Sensing Elements
Troubleshoot and Repair Transmitters
Tune Controllers: Pneumatic and Electronic

Troubleshoot and Repair Plant Computing Systems Relating to Process Controls

Troubleshoot and Repair Solenoid Valves

Perform Preventive Maintenance Procedures for Field Devices
Test and Repair Thermocouples

Check and Test Vibration Sensing Elements

Inspect and Troubleshoot Power Supplies and Converters
Test and Calibrate Control Valve Actuators
Troubleshoot and Repair Control Valves/Positioners

Test and Calibrate Controllers

Troubleshoot and Repair Local Controllers

Troubleshoot and Repair Electronic Computing Relays
Troubleshoot and Repair Analyzers

Test and Calibrate Air Analyzers

Test and Calibrate Water Analyzers
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30.
31
32.
33.
34.
35.
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10.
11.
12.

Troubleshoot Servo Valves

Calibrate Servo Valves

Test and Clean Video Display Unit

Check and Adjust Video Display Unit

Specify and Configure Smart Field Devices, i.e., Transmitters and Valves
Operate Control Systems Including Single Element, Cascade, Ratio, and
Feedfoward

Test and Calibrate Gas Analyzers

D. ORGANIZE WORK ROUTINES

Organize Documents and Drawings Required on the Job

Determine Proper Tools/Equipment/Materials to Perform the Job

Coordinate Work Activities with Other Crafts/Units

Coordinate Preventive Maintenance Schedule with Planning Group

Verify Equipment Isolation Prior to Performance of Work for Safety Reasons
Report Abnormal Equipment Problems to Supervisor

Write New Calibration Procedures if Needed

Follow Specifications

OLLECT AND FILE DATA

Record Test/Calibration Data

Record Preventive Maintenance Data
Record Equipment Disconnect Data
Evaluate Collected Data

Review & Revise Procedures if Needed
Write Reports Required by Company
Specify Equipment for Control Systems
Prepare and Update Specification Forms
Write Work Orders

Prepare and Update Ladder And/Or Logic Diagrams
Program PLCs

F. PARTICIPATE IN CONTINUING EDUCATION ACTIVITIES

Read/Interpret Diagrams and Drawings

Sketch Diagrams

Study Technical Equipment Information

Application of ISA/JIC Standards

Understand Proper Use of Test Equipment and Tools
Learn to Write Technical Reports

Acquire Safe Practices for Handling Hydraulic and Special Tools
Utilize Technical Manuals

Understand Personal Computers

Attend On-Going Safety Training Courses
Participate in Plant Related Training

Attend PLC Training

Attend DCS Training

G. MAINTAIN AND CONTROL INVENTORY ACCORDING TO COMPANY
POLICIES AND PROCEDURES

Learn to Review and Forecast Spare Parts Inventory
Prepare Parts Request
Verify Parts Received
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4. Research/Verify Substitute Specifications
H. TROUBLESHOOT, INSTALL, MAINTAIN AND OPERATE MOTOR
CONTROL SYSTEMS
1. Troubleshoot, Install, Maintain, and Operate Motor Starters
2. Troubleshoot, Install, Maintain, and Operate Relays
3. Troubleshoot, Install, Maintain, and Operate Pushbuttons
4 Troubleshoot, Install, Maintain, and Operate Switches
S. Troubleshoot, Install, Maintain, and Operate PLC Systems, i.e., PLC and DCS

Networks

COURSE OBJECTIVES: SCANS COMPETENCIES

The Secretary’s Commission on Achieving Necessary Skills (SCANS), U.S. Department of Labor,
has identified in its “"AMERICA 2000 REPORT” that all students should develop a new set of
competencies and foundation skills if they are to enjoy a productive, full and satisfying life.
These are in addition to the Technical Workplace Competencies required by industry. SCANS is
made up of five competencies and a three-part foundation of skills and personal qualities that
are needed for solid job performance.

The following activities will be performed by each student for successful completion of this
course:

L COMPETENCIES

A Resources: Identifies, organizes, plans, and allocates resources
1. follows a schedule to complete assigned tasks on time
2. determine the initial cost of materials and "value added" as result of work
3. complete a stock request form for required material
4. provide a self-evaluation of performance based on the time and quality of
work
B. Interpersonal: Works with others
1. complete assigned responsibilities within the shop floor serving as a
member of the team
2. provide individual assistance/direction to peers as requested
3. perform work to acceptable levels of quality as required
4. works well with all members of the class
C Information: Acquires and uses information
1. read and interpret blueprints
2, organize and apply theories of machine tool operation
3. perform basic semi-precision and precision layout as necessary
D. Systems: Understands complex inter-relationships
1. demonstrate knowledge of the following systems:
a. laboratory organization structure: physical and social
b. organization of personnel and facilities on the shop floor
C. systematic approach to the mechanical process
d. dimensioning and measurement systems
e systematic organization of training materials
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2.

monitors and corrects performance during

a. the practical process

b. adjustments of individual laboratory work schedule

C. constantly evaluating the quality of work to achieve acceptable
standards

d. maintains record of evaluations and sets individual goals

Technology: Works with a variety of technologies

1.
2.

chooses procedure, tools and equipment required to perform the task
applies appropriate procedures and uses appropriate tools and equipment
to perform the mechanical task to acceptable standards

maintains and troubleshoots equipment

a. applies appropriate preventative maintenance

b when operating machines

C. reports all malfunctions of equipment to supervisor/instructor

d perform clean-up assignments of equipment and shop floor at the

end of the laboratory

IL FOUNDATION SKILLS
Basic Skills: Reads, writes, performs arithmetic and mathematical operations,
listens and speaks.

A.

L

Reading: Locates, understands, and interprets written information in
prose and in documents such as manuals, graphs, and schedules

a. studies student laboratory manual

b. interprets blueprints and technical drawings

c. read/studies textbook ,

d follow a daily laboratory schedule to maintain appropriate time-line

and task completion
Writing: Communicates thoughts, ideas, information, and messages in
writing; and creates documents such as letters, directions, manuals,
reports, graphs, and flow charts

a. outline the steps necessary to perform a mechanical task
b. maintain a lecture notebook

C. submit written responses to chapter question assignments
d. complete all written assignments

Arithmetic/Mathematics: Perform basic computations and approaches
practical problems by choosing appropriately from a variety of
mathematical techniques

a. keeps a running computation of individual grade
b. performs mathematical computations necessary to understand
course

Listening: Receives, attends to, interprets, and responds to verbal
messages and other cues

a. assimilate classroom instruction

b. interpret and assimilate video instruction

c. observe laboratory demonstrations

d. seek and receive individualized instruction in the laboratory
Speaking: Organizes ideas and communicates orally

a. participates in classroom discussions
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b. organize ideas and communicate specific questions to the instructor
C. verbally affirms understanding of a concept, procedure, or required
skill
d. communicates with peers to ensure the smooth and safe operation
of the laboratory
B. Thinking Skills: Thinks creatively, makes decisions, solves problems, visualizes,
knows how to learn and reasons.
L Decision Making: Specifies goals and constraints, generates alternatives,
considers risks, and evaluates and chooses best alternative
a. identifies personal goals
b. identifies actions required to accomplish personal goals
2. Problem Solving: Recognizes problems and devises and implements plan
of action
a. makes daily accommodations to stay on schedule
b. seeks additional instruction/clarification for assignment completion
C. balances social and academic life/responsibilities
d. accepts responsibility
3. Seeing Things In the Mind's Eye: Organizes, and processes symbols,
pictures, graphs, objects, and other information
a. interprets technical drawings
b. interprets technical illustrations and symbols
C. understands both written and verbal instructions
d. assimilates process during instructor demonstrations
4. Knowing How to Learn: Use efficient learning techniques to acquire and
apply new knowledge and skills
a. demonstrate mastery of the basic skills and techniques
b. use these sequential skills to support mastery of new skills
c. understand the sequential nature of acquired skills and the
subsequent knowledge application of new skills and techniques
5. Reasoning:  Discovers a rule or principle underlying the relationship

between two or more objects and applies it when solving a problem

a. understands that practice may not make it perfect but it certainly
will improve the skill of the operator

b. understands that the quality of the product is a function of the time
of the operation and the attitude and skill of the machinist

c. understands the relationship between different metals and the tool

applied to the metal surface and adjusts machining parameters
accordingly

(04 Personal Qualities: Displays responsibility, self-esteem, sociability, self-
management, and integrity and honesty.

1

Responsibility: Exerts a high level of effort and perseveres towards goal
attainment

a. develops an understanding that in order to be successful you must
be a "good" student

b. develops an understanding that a "good" student is the one who is
prompt to every class and has prepared for the day's work

C. develops an understanding good students know what they are going

to do in class and does not waste time

R10



d. develops a fine work-ethic
2 Self-Esteem: Believes in own self-worth and maintains a positive view of

self

a. learns to take pride in his or her work through positive
reinforcement

b. sees himself or herself as an asset to the class through continued
contributions to the group and a shared common goal

C. understands that an individual with a positive attitude and the belief

in their own abilities will systematically seek solutions and be a
valuable employee

3. Sociability:  Demonstrates understanding, friendliness, adaptability,
empathy, and politeness in group settings
a. assist classmates in improving technical skills
b. assist students with special needs as a peer mentor
c. share laboratory resources (machines, tools and instructor's
individual attention)
4. Self-Management: Assesses self accurately, sets personal goals,
monitors progress, and exhibits self-control
a. maintain a record of academic achievement (individual grade book)
b. make accommodations to laboratory schedules due to broken
equipment/tools
C. accept the responsibility for self-management
5. Integrity/Honesty: Chooses ethical courses of action
a. accept the responsibility for own actions
b. exhibit personal honesty at all times
C. accept the challenge of doing your own work in the laboratory,
during examination, and on outside assignments
d. understand the consequences of unethical behaviors

EMT254
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MAST PROGRAM

COURSE SYLLABUS
CONTROL SYSTEMS 11

Lecture hours/week: 4 Lab hours/week: 3 Credit hours: §
COURSE DESCRIPTION:

This course is designed to develop the skill of the student in the area of Electronic
Instrumentation. The course stresses the use of electronic techniques to control industrial
processes. The student will develop the skills required to maintain electronic transmitters,
recorders, and controllers.

PREREQUISITE: Control Systems

REQUIRED COURSE MATERIALS:

Textbook: Automated Process Contro! Electronic, by Harrington, John
METHOD OF INSTRUCTION:
Lecture: Didactic presentations will include lecture and demonstrations.

Laboratory: Laboratory will be a "hands-on" process.

Method of Evaluation: A student's grade will be based on multiple measures of performance.

The assessment will measure development of independent critical thinking skills and will include

evaluation of the student’s ability to:

1. perform the manipulative skills of the craft as required to satisfactorily complete
laboratory assignments

2. apply theory to laboratory assignments

3. satisfactorily perform on written, oral, and practical examinations

4, satisfactorily perform on outside assignments including writing assignments
5. contribute to class discussions

6. maintain attendance per current policy

7. follow all shop rules and safety regulations as stated in the laboratory manual
LECTURE OUTLINE:

Lecture Topics Text Reference Page Contact Hrs.

Safety
Industrial Electronics
Auxiliary Electrical Devices and
Miscellaneous Sensors -
Time Measurement Chapters 2, 3, 8,9
Temperature Control - Bridge
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Networks Chapters 2, 11
Review and Midterm
Pressure Flow Chapters S, 7
Level Chapter 6
Analytical Instruments and
Controllers Section 5
Radiation and Transmission Chapters 10, 17
Review and Final Exam —_
Total Lecture Hours 40

—

LAB OUTLINE:

Lab Topics Contact Hrs.

Personal Protective Equipment
Review Solid State Power Supplies
Position Sensors - Strain Gauge
RTD

Bridge

Pressure Sensor

Float Switch

Digital Controller

Analog Controller

PID Controller

w
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Total Lab Hours

COURSE OBJECTIVES: TECHNICAL COMPETENCIES

After the successful completion of this course the student will be able to:
A. PRACTICE SAFETY '

1. Follow Safety Manuals and All Safety Regulations/Requirements
a. Assume responsibility for the personal safety of oneself and others
b. Develop a personal attitude towards safety
c. Interpret safety manual directives -
d Comply with established company safety practices

2. Use Protective Equipment
a. Wear protective safety clothing as required
b. Locate and properly use protective equipment
c. Use lifting aids when necessary

3. Follow Safe Operating Procedures for Hand and Power Tools
a. Identify and understand safe machine operating procedures
b. Demonstrate safe machine operation

4, Maintain a Clean and Safe Work Environment
a. Keep work areas clean
b. Clean machine/hand tools when work is completed
c. Put tools away when work is finished

‘ III' d. Keep aisles clear of equipment and materials
B. MAINTAIN CONTROL SYSTEMS
1. Proper Storage of Circuit Boards
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Collect and Record Data According to Company Requirements
Test and Calibrate Transducers According to Specs

Perform Preventive Maintenance Procedures for Control Devices
Test and/or Replace Printed Circuit Boards

Function Check Individual Elements Within Loop
Troubleshoot Different Types of System Modules

Test Different Types of System Modules

Configure Software

Repair Different Types of System Modules

Install Control System Hardware

Simulate Control System Check

Loop-Check Control System

Perform On-Line Testing

Troubleshoot and Maintain PLCs and Motor Control Systems

MAINTAIN FIELD INSTRUMENTATION DEVICES
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13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

Test and Calibrate Pressure, Level, Flow, Temperature Switches
Troubleshoot and Repair Pressure, Level, Flow, Temperature Switches
Adjust Dampers and Positioners

Troubleshoot and Adjust Control Drive (Damper)

Test and Calibrate Indicators and Gauges

Troubleshoot and Repair Indicators

Test and Calibrate Transmitters

Test and Calibrate Recorders

Troubleshoot and Repair Recorders

Troubleshoot Linear Variable Differential Transformers
Troubleshoot, Repair, and Calibrate Transmitters

Test Different Field Sensing Elements

a. flow

b. temperature
c. pressure

d. level

Install/Replace Field Sensing Elements
Troubleshoot and Repair Transmitters
Tune Controllers: Pneumatic and Electronic

Troubleshoot and Repair Plant Computing Systems Relating to Process Controls

Troubleshoot and Repair Solenoid Valves

Perform Preventive Maintenance Procedures for Field Devices
Test and Repair Thermocouples

Check and Test Vibration Sensing Elements

Inspect and Troubleshoot Power Supplies and Converters
Test and Calibrate Control Valve Actuators
Troubleshoot and Repair Control Valves/Positioners

Test and Calibrate Controllers

Troubleshoot and Repair Local Controllers

Troubleshoot and Repair Electronic Computing Relays
Troubleshoot and Repair Analyzers

Test and Calibrate Air Analyzers

Test and Calibrate Water Analyzers

Troubleshoot Servo Valves



3L
32.
33.
34.
35.

36.

Calibrate Servo Valves

Test and Clean Video Display Unit

Check and Adjust Video Display Unit

Specify and Configure Smart Field Devices, i.e., Transmitters and Valves
Operate Control Systems Including Single Element Cascade, Ratio, and
Feedforward

Test and Calibrate Gas Analyzers

ORGANIZE WORK ROUTINES

WO NBWNE,AXIINN D LODN —

10.
1L

Organize Documents and Drawings Required on the Job

Determine Proper Tools/Equipment/Materials to Perform the Job

Coordinate Work Activities with Other Crafts/Units

Coordinate Preventive Maintenance Schedule with Planning Group

Verify Equipment Isolation Prior to Performance of Work for Safety Reasons
Report Abnormal Equipment Problems to Supervisor

Write New Calibration Procedures if Needed

Follow Specifications

OLLECT AND FILE DATA

Record Test/Calibration Data

Record Preventive Maintenance Data
Record Equipment Disconnect Data
Evaluate Collected Data

Review & Revise Procedures if Needed
Write Reports Required by Company
Specify Equipment for Control Systems
Prepare and Update Specification Forms
Write Work Orders

Prepare and Update Ladder And/Or Logic Diagrams
Program PLCs

PARTICIPATE IN CONTINUING EDUCATION ACTIVITIES

PN D WN

13.

Read/Interpret Diagrams and Drawings

Sketch Diagrams

Study Technical Equipment Information

Application of ISA/JIC Standards

Understand Proper Use of Test Equipment and Tools

Learn to Write Technical Reports '
Acquire Safe Practices for Handling Hydraulic and Special Tools
Utilize Technical Manuals

Understand Personal Computers

Attend On-Going Safety Training Courses

Participate in Plant Related Training

Attend PLC Training

Attend DCS Training

MAINTAIN AND CONTROL INVENTORY ACCORDING TO COMPANY
POLICIES AND PROCEDURES

1.

2.
3.
4

Learn to Review and Forecast Spare Parts Inventory
Prepare Parts Request

Verify Parts Received

Research/Verify Substitute Specifications
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COURSE OBJECTIVES: SCANS COMPETENCIES

The Secretary's Commission on Achieving Necessary Skills (SCANS), U.S. Department of Labor,

has identified in its “AMERICA 2000 REPORT” that all students should develop a new set of
competencies and foundation skills if they are to enjoy a productive, full and satisfying life.
These are in addition to the Technical Workplace Competencies required by industry. SCANS is

made up of five competencies and a three-part foundation of skills and personal qualities that
are needed for solid job performance.

The following activities will be performed by each student for successful completion of this
course;

L COMPETENCIES

A Resources: Identifies, organizes, plans, and allocates resources
1. follows a schedule to complete assigned tasks on time
2 determine the initial cost of materials and "value added" as result of work
3. complete a stock request form for required material
4 provide a self-evaluation of performance based on the time and quality of
work
B. Interpersonal: Works with others
1. complete assigned responsibilities within the shop floor serving as a
member of the team
2. provide individual assistance/direction to peers as requested
3. perform work to acceptable levels of quality as required
4. works well with all members of the class
C Information: Acquires and uses information
1. read and interpret blueprints
2. organize and apply theories of machine tool operation
3. perform basic semi-precision and precision layout as necessary
D. Systems: Understands complex inter-relationships
1. demonstrate knowledge of the following systems:
a. laboratory organization structure: physical and social
b organization of personnel and facilities on the shop floor
c systematic approach to the mechanical process
d. dimensioning and measurement systems
e systematic organization of training materials
2. monitors and corrects performance during
a. the practical process
b. adjustments of individual laboratory work schedule
c. constantly evaluating the quality of work to achieve acceptable
standards
d. maintains record of evaluations and sets individual goals
E. Technology: Works with a variety of technologies
1. chooses procedure, tools and equipment required to perform the task
2. applies appropriate procedures and uses appropriate tools and equipment

to perform the mechanical task to acceptable standards
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3. maintains and troubleshoots equipment
a. applies appropriate preventative maintenance
b when operating machines
C. reports all malfunctions of equipment to supervisor/instructor
d perform clean-up assignments of equipment and shop floor at the

end of the laboratory

IL. FOUNDATION SKILLS
A. Basic Skills: Reads, writes, performs arithmetic and mathematical operations,
listens and speaks.
L Reading: Locates, understands, and interprets written information in
prose and in documents such as manuals, graphs, and schedules
a. studies student laboratory manual
b. interprets blueprints and technical drawings
c. read/studies textbook
d follow a daily laboratory schedule to maintain appropriate time-line
and task completion
2. Writing: Communicates thoughts, ideas, information, and messages in
writing; and creates documents such as letters, directions, manuals,
reports, graphs, and flow charts

a. outline the steps necessary to perform a mechanical task
b. maintain a lecture notebook
c. submit written responses to chapter question assignments
d. complete all written assignments
3. Arithmetic/Mathematics: Perform basic computations and approaches

practical problems by choosing appropriately from a variety of
mathematical techniques

i a. keeps a running computation of individual grade
b. performs mathematical computations necessary to understand
: course
' 4. Listening: Receives, attends to, interprets, and responds to verbal
messages and other cues
a. assimilate classroom instruction
. b. interpret and assimilate video instruction
c. observe laboratory demonstrations
) d. seek and receive individualized instruction in the laboratory
I 5 Speaking: Organizes ideas and communicates orally
a. participates in classroom discussions
. b. organize ideas and communicate specific questions to the instructor
C. verbally affirms understanding of a concept, procedure, or required
skill
' d. communicates with peers to ensure the smooth and safe operation
of the laboratory _
B. Thinking Skills: Thinks creatively, makes decisions, solves problems, visualizes,
. knows how to learn and reasons.
L Decision Making: Specifies goals and constraints, generates alternatives,
‘ considers risks, and evaluates and chooses best alternative
l a. identifies personal goals
) b. identifies actions required to accomplish personal goals
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Problem Solving: Recognizes problems and devises and implements plan
of action '

a. makes daily accommodations to stay on schedule

b. seeks additional instruction/clarification for assignment completion
C. balances social and academic life/responsibilities

d. accepts responsibility

Seeing Things In the Mind's Eye: Organizes, and processes symbols,
pictures, graphs, objects, and other information

a. interprets technical drawings

b. interprets technical illustrations and symbols

c. understands both written and verbal instructions

d. assimilates process during instructor demonstrations

Knowing How to Learn: Use efficient learning techniques to acquire and
apply new knowledge and skills

a. demonstrate mastery of the basic skills and techniques
b. use these sequential skills to support mastery of new skills
C. understand the sequential nature of acquired skills and the

subsequent knowledge application of new skills and techniques

Reasoning: Discovers a rule or principle underlying the relationship

between two or more objects and applies it when solving a problem

a. understands that practice may not make it perfect but it certainly
will improve the skill of the operator

b. understands that the quality of the product is a function of the time

‘ of the operation and the attitude and skill of the machinist

c. understands the relationship between different metals and the tool
applied to the metal surface and adjusts machining parameters
accordingly ’

C Personal Qualities: Displays responsibility, self-esteem, sociability, self-
management, and integrity and honesty.

1.

Responsibility: Exerts a high level of effort and perseveres towards goal
attainment

a. develops an understanding that in order to be successful you must
be a "good" student
b. develops an understanding that a "good" student is the one who is

prompt to every class and has prepared for the day's work

c. develops an understanding good students know what they are going

to do in class and does not waste time
d. develops a fine work-ethic

Self-Esteem: Believes in own self-worth and maintains a positive view of

self

a. learns to take pride in his or her work through positive
reinforcement

b. sees himself or herself as an asset to the class through continued
contributions to the group and a shared common goal

C. understands that an individual with a positive attitude and the belief

in their own abilities will systematically seek solutions and be a
valuable employee
Sociability:  Demonstrates understanding, friendliness, adaptability,
empathy, and politeness in group settings
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a.
b.
c.

assist classmates in improving technical skills

assist students with special needs as a peer mentor

share laboratory resources (machines, tools and instructor's
individual attention)

Self-Management: Assesses self accurately, sets personal goals,
monitors progress, and exhibits self-control

a.
b.

C.

maintain a record of academic achievement (individual grade book)
make accommodations to laboratory schedules due to broken
equipment/tools

accept the responsibility for self-management

Integrity/Honesty: Chooses ethical courses of action

a.
b.
c.

accept the responsibility for own actions

exhibit personal honesty at all times

accept the challenge of doing your own work in the laboratory,
during examination, and on outside assignments

understand the consequences of unethical behaviors
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MAST PROGRAM
COURSE SYLLABUS
DISTRIBUTED CONTROL SYSTEMS

\

Lecture hours/week: 3 Lab hours/week: 4 Credit hours: 3

COURSE DESCRIPTION:

Continues the study of the various applications of distributed control. This course in intended
primarily as a survey source of distributed control verses an in-depth study of any single
distributed control system. Topics include: historical perspective and systems, basic system wide
orientation, sub systems overview, and report generation.

PREREQUISITE: Control Systems

REQUIRED COURSE MATERIALS:

Textbook: r ntrol hnician

Hand Tools/Quantity Required:

Tools

Safety Glasses 1 pair

Classroom Supplies 1

Calculator 1

METHOD OF INSTRUCTION:

Lecture: Didactic presentations will include lecture, video and demonstrations.

Laboratory: Laboratory will be a "hands-on" process.

Method of Evaluation: A student's grade will be based on multiple measures of performance.
The assessment will measure development of independent critical thinking skills and will include
evaluation of the student’s ability to:

1. perform the manipulative skills of the craft as required to satisfactorily complete
laboratory assignments

2. apply theory to laboratory assignments

3. satisfactorily perform on written, oral, and practical examinations

4, satisfactorily perform on outside assignments including writing assignments

5. contribute to class discussions

6. maintain attendance per current policy

7.

follow all shop rules and safety regulations as stated in the laboratory manual
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' LECTURE OUTLINE:
Lecture Topics Text Reference Page Contact Hrs.
l Control Systems Feedback 1 3
Complex Variable Concepts, Diff.
Equations 17 3
l Laplace and Z Transforms 22 3
4 Signal Flow Graphics 67 3
Modeling Electrical and Mechanical
l Systems Overview 123 3
Stability of Contract Systems, Report
Generation 279 3
' Time Domain Analysis of Control
B Systems 307 3
i Root-Locus Technique-LAN 398 3
Single Loop, WAN, Distribution Control
System Handouts 3
' Multi Loop Handouts 3
Total Lecture Hours 30
. LAB OUTLINE:
- Lab Topics : Contact Hrs.
l Feedback Lab 4
Variable Concept Problem 4
Laplace Problem 4
' Signal Flow Graph Lab 4
Model Electrical System 4
Stability Problem 4
. Control System Exercise 4
LAN Lab 4
' WAN Lab 4
' Multi Loop lab _4
' Total Lab Hours 40
COURSE OBJECTIVES: TECHNICAL COMPETENCIES
' After the successful completion of this course the student will be able to:
: A, PRACTICE SAFETY
l- L. Follow Safety Manuals and All Safety Regulations/Requirements
a. Assume responsibility for the personal safety of oneself and others
o b. Develop a personal attitude towards safety
' c. Interpret safety manual directives
d. Comply with established company safety practices
' 2. Use Protective Equipment
' a. Wear protective safety clothing as required

223



3.

b. Locate and properly use protective equipment

c. Use lifting aids when necessary

Follow Safe Operating Procedures for Hand and Power Tools

a. Identify and understand safe machine operating procedures
b. Demonstrate safe machine operation

Maintain a Clean and Safe Work Environment

a. Keep work areas clean

b. Clean machine/hand tools when work is completed

c. Put tools away when work is finished

d. Keep aisles clear of equipment and materials

MAINTAIN CONTROL SYSTEMS

WX bh W=

10.
11.
12.
13.
14.

15.

Proper Storage of Circuit Boards

Collect and Record Data According to Company Requirements
Test and Calibrate Transducers According to Specs

Perform Preventive Maintenance Procedures for Control Devices
Test and/or Replace Printed Circuit Boards

Function Check Individual Elements Within Loop
Troubleshoot Different Types of System Modules

Test Different Types of System Modules

Configure Software

Repair Different Types of System Modules

Install Control System Hardware

Simulate Control System Check

Loop-Check Control System

Perform On-Line Testing

Troubleshoot and Maintain PLCs and Motor Control Systems

MAINTAIN FIELD INSTRUMENTATION DEVICES

WX h W=
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13.
14.
15.

Test and Calibrate Pressure, Level, Flow, Temperature Switches

Troubleshoot and Repair Pressure, Level, Flow, Temperature Switches

Adjust Dampers and Positioners

Troubleshoot and Adjust Control Drive (Damper)

Test and Calibrate Indicators and Gauges
Troubleshoot and Repair Indicators

Test and Calibrate Transmitters

Test and Calibrate Recorders

Troubleshoot and Repair Recorders

Troubleshoot Linear Variable Differential Transformers
Troubleshoot, Repair, and Calibrate Transmitters

Test Different Field Sensing Elements

a. flow

b. temperature
c. pressure

d. level

Install/Replace Field Sensing Elements
Troubleshoot and Repair Transmitters
Tune Controllers: Pneumatic and Electronic
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16.  Troubleshoot and Repair Plant Computing Systems Relating to Process Controls

17.  Troubleshoot and Repair Solenoid Valves

18.  Perform Preventive Maintenance Procedures for Field Devices

19.  Test and Repair Thermocouples

20.  Check and Test Vibration Sensing Elements

21.  Inspect and Troubleshoot Power Supplies and Converters

22.  Test and Calibrate Control Valve Actuators

23.  Troubleshoot and Repair Control Valves/Positioners

24.  Test and Calibrate Controllers

25.  Troubleshoot and Repair Local Controllers

26.  Troubleshoot and Repair Electronic Computing Relays

27.  Troubleshoot and Repair Analyzers

28.  Test and Calibrate Air Analyzers

29.  Test and Calibrate Water Analyzers

30.  Troubleshoot Servo Valves

31.  Calibrate Servo Valves

32.  Test and Clean Video Display Unit

33.  Check and Adjust Video Display Unit

34.  Specify and Configure Smart Field Devices, i.e., Transmitters and Valves

35. Operate Control Systems Including Single Element, Cascade, Ratio, and
Feedforward

36.  Test and Calibrate Gas Analyzers

ORGANIZE WORK ROUTINES

1. Organize Documents and Drawings Required on the Job

2. Determine Proper Tools/Equipment/Materials to Perform the Job

3. Coordinate Work Activities with Other Crafts/Units

4, Coordinate Preventive Maintenance Schedule with Planning Group

5. Verify Equipment Isolation Prior to Performance of Work for Safety Reasons

6. Report Abnormal Equipment Problems to Supervisor

7. Write New Calibration Procedures if Needed

8. Follow Specifications

COLLECT AND FILE DATA

1. Record Test/Calibration Data

2. Record Preventive Maintenance Data

3. Record Equipment Disconnect Data

4, Evaluate Collected Data

5. Review & Revise Procedures if Needed

6. Write Reports Required by Company

7. Specify Equipment for Control Systems

8. Prepare and Update Specification Forms

9. Write Work Orders

10 Prepare and Update Ladder And/Or Logic Diagrams

11 Program PLCs

PARTICIPATE IN CONTINUING EDUCATION ACTIVITIES

L. Read/Interpret Diagrams and Drawings

2. Sketch Diagrams

D
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3 Study Technical Equipment Information

4 Application of ISA/JIC Standards

5. Understand Proper Use of Test Equipment and Tools

6. Learn to Write Technical Reports

7 Acquire Safe Practices for Handling Hydraulic and Special Tools

8 Utilize Technical Manuals

9. Understand Personal Computers

10 Attend On-Going Safety Training Courses

11 Participate in Plant Related Training

12.  Attend PLC Training

13.  Attend DCS Training
G. MAINTAIN AND CONTROL INVENTORY ACCORDING TO COMPANY

POLICIES AND PROCEDURES

1. Learn to Review and Forecast Spare Parts Inventory

2. Prepare Parts Request

3. Verify Parts Received

4, Research/Verify Substitute Specifications
H. TROUBLESHOOT, INSTALL, MAINTAIN AND OPERATE MOTOR

CONTROL SYSTEMS
Troubleshoot, Install, Maintain, and Operate Motor Starters
Troubleshoot, Install, Maintain, and Operate Relays
Troubleshoot, Install, Maintain, and Operate Pushbuttons
Troubleshoot, Install, Maintain, and Operate Switches

Troubleshoot, Install, Maintain, and Operate PLC Systems, i.e., PLC and DCS
Networks

Nnh Wb

COURSE OBJECTIVES: SCANS COMPETENCIES

The Secretary’s Commission on Achieving Necessary Skills (SCANS), U.S. Department of Labor,
has identified in its “AMERICA 2000 REPORT” that all students should develop a new set of
competencies and foundation skills if they are to enjoy a productive, full and satisfying life.
These are in addition to the Technical Workplace Competencies required by industry. SCANS is

made up of five competencies and a three-part foundation of skills and personal qualities that
are needed for solid job performance.

The following activities will be performed by each student for successful completion of this
course:

L COMPETENCIES

A Resources: Identifies, organizes, plans, and allocates resources
1. follows a schedule to complete assigned tasks on time
2. determine the initial cost of materials and "value added" as result of work
3. complete a stock request form for required material
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4. provide a self-evaluation of performance based on the time and quality of
work

Interpersonal: Works with others

1. complete assigned responsibilities within the shop floor serving as a
member of the team

2. provide individual assistance/direction to peers as requested

3. perform work to acceptable levels of quality as required

4. works well with all members of the class

Information: Acquires and uses information

1. read and interpret blueprints

2. organize and apply theories of machine tool operation

3. perform basic semi-precision and precision layout as necessary

Systems: Understands complex inter-relationships

1. demonstrate knowledge of the following systems:

a laboratory organization structure: physical and social

b organization of personnel and facilities on the shop floor
c. systematic approach to the mechanical process

d dimensioning and measurement systems

e systematic organization of training materials

2. monitors and corrects performance during
a. the practical process
b. adjustments of individual laboratory work schedule
'c.  constantly evaluating the quality of work to achieve acceptable
' standards
d. maintains record of evaluations and sets individual goals
Technology: Works with a variety of technologies
1. chooses procedure, tools and equipment required to perform the task
2. applies appropriate procedures and uses appropriate tools and equipment
to perform the mechanical task to acceptable standards
3. maintains and troubleshoots equipment
a. applies appropriate preventative maintenance
b when operating machines
c. reports all malfunctions of equipment to supervisor/instructor
d perform clean-up assignments of equipment and shop floor at the
end of the laboratory
FOUNDATION SKILLS

Basic Skills: Reads, writes, performs arithmetic and mathematical operations,

listens and speaks.

1 Reading: Locates, understands, and interprets written information in
prose and in documents such as manuals, graphs, and schedules

studies student laboratory manual

interprets blueprints and technical drawings

read/studies textbook

follow a daily laboratory schedule to maintain appropriate time-line

and task completion

a0 ow
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Writing: Communicates thoughts, ideas, information, and messages in
writing; and creates documents such as letters, directions, manuals,
reports, graphs, and flow charts

a. outline the steps necessary to perform a mechanical task
b. maintain a lecture notebook

C. submit written responses to chapter question assignments
d. complete all written assignments :

Arithmetic/Mathematics: Perform basic computations and approaches

practical problems by choosing appropriately from a variety of
mathematical techniques

a. keeps a running computation of individual grade
b. performs mathematical computations necessary to understand
course

Listening: Receives, attends to, interprets, and responds to verbal
messages and other cues :

a. assimilate classroom instruction

b. interpret and assimilate video instruction

c. observe laboratory demonstrations

d. seek and receive individualized instruction in the laboratory

Speaking: Organizes ideas and communicates orally

a. participates in classroom discussions

b. organize ideas and communicate specific questions to the instructor

c. verbally affirms understanding of a concept, procedure, or required
skill

d communicates with peers to ensure the smooth and safe operation
of the laboratory

Thinking Skills: Thinks creatively, makes decisions, solves problems, visualizes,
knows how to learn and reasons.

L

Decision Making: Specifies goals and constraints, Zenerates alternatives,
considers risks, and evaluates and chooses best alternative

a. identifies personal goals

b. identifies actions required to accomplish personal goals

Problem Solving: Recognizes problems and devises and implements plan
of action :

a. makes daily accommodations to stay on schedule

b. seeks additional instruction/clarification for assignment completion
C. balances social and academic life/responsibilities

d. accepts responsibility

Seeing Things In the Mind's Eye: Organizes, and processes symbols,
pictures, graphs, objects, and other information

a. interprets technical drawings

b. interprets technical illustrations and symbols

C. understands both written and verbal instructions

d assimilates process during instructor demonstrations

Knowing How to Learn: Use efficient learning technigues to acquire and
apply new knowledge and skills




5.

a. demonstrate mastery of the basic skills and techniques
b. use these sequential skills to support mastery of new skills
C. understand the sequential nature of acquired skills and the

subsequent knowledge application of new skills and techniques

Reasoning: Discovers a rule or principle underlying the relationship

between two or more objects and applies it when solving a problem

a. understands that practice may not make it perfect but it certainly
will improve the skill of the operator

b. understands that the quality of the product is a function of the time
of the operation and the attitude and skill of the machinist

c. understands the relationship between different metals and the tool
applied to the metal surface and adjusts machining parameters
accordingly

Personal Qualities: Displays responszbzhty self-esteem, sociability, self-
management, and integrity and honesty.

1

Responsibility: Exerts a high level of effort and perseveres towards goal
attainment

a. develops an understanding that in order to be successful you must
be a "good" student

b. develops an understanding that a "good" student is the one who is
prompt to every class and has prepared for the day's work

c. develops an understanding good students know what they are going
to do in class and does not waste time

d. develops a fine work-ethic

Self-Esteem: Believes in own self-worth and maintains a posmve view of

self

learns to take pride in his or her work through positive

reinforcement

b. sees himself or herself as an asset to the class through continued
contributions to the group and a shared common goal

C. understands that an individual with a positive attitude and the belief

in their own abilities will systematically seek solutions and be a
valuable employee
Sociability: Demonstrates understanding, friendliness, adaptability,
empathy, and politeness in group settings

a. assist classmates in improving technical skills
b. assist students with special needs as a peer mentor
C. share laboratory resources (machines, tools and instructor's

individual attention)
Self-Management: Assesses self accurately, sets personal goals,
monitors progress, and exhibits self-control

a. maintain a record of academic achievement (individual grade book)

b. make accommodations to laboratory schedules due to broken
equipment/tools

C. accept the responsibility for self-management

Integrity/Honesty: Chooses ethical courses of action
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accept the responsibility for own actions

exhibit personal honesty at all times

accept the challenge of doing your own work in the laboratory,
during examination, and on outside assignments

understand the consequences of unethical behaviors
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MAST PROGRAM
COURSE SYLLABUS
INTRODUCTORY PSYCHOLOGY

“

Lecture hours/week: 5 Lab hours/week: 0 Credit hours: 5§

COURSE DESCRIPTION:
Empbhasizes the basics of psychology. Topics include: science of psychology; social |

environments; life stages; physiology and behavior; personality; emotions and motives; conflicts,
stress, and anxiety; abnormal behavior; and perception, learning, and intelligence.

PREREQUISITE: NONE
REQUIRED COURSE MATERIALS:

Textbook: Exploring Psychology
METHOD OF INSTRUCTION:

Lecture: Didactic presentations will include lecture and demonstrations.

Method of Evaluation: A student's grade will be based on multiple measures of performance.
The assessment will measure development of independent critical thinking skills and will include
evaluation of the student’s ability to:

1. satisfactorily perform on written, oral, and practical examinations

2 satisfactorily perform on outside assignments including writing assignments
3. contribute to class discussions

4 maintain attendance per current policy

LECTURE OUTLINE:

Lecture Topics Text Reference Page Contact Hrs.
Science of Psychology 10
Definitions

Define psychology
History and Methods

Identify the founders of the

major schools of
psychology
Careers in Psychology -

Describe methods used in

psychological
research

Identify career options in




-. ‘\- _ _ _ —
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psychology
Social Environments
Definitions
Define social psychology and
attitude
Attitudes
Differentiate between types of
conformity to social
norms
Attribution Theory
Relate attitudes, reputations,
and stereotypes to
personal perceptions
Identify career options in
psychology
Attraction
Describe factors that link
attraction and
liking
Conformity, Compliance, Obedience,
Altruism, and Individualism
Describe how the attribution
theory explains behavior
and some of its errors
Communications
Identify the four main factors
in the communication
process
Group Processes
Differentiate between verbal and
nonverbal communication
Provide examples of the use of
effective and ineffective
communications
Practice active listening and non-
judgmental paraphrasing
of statements
Define personal space and tell
how it affects behavior
List factors in group effectiveness
List stages of group performance
Life Stages
Physical Development
‘Identify stages of growth and
development throughout life
span
Moral Development
Identify theories of moral

233
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development
Cognitive Development
Identify theories of cognitive
development
Physiology and Behavior 10
Nervous and Endocrine Systems
Define roles of the nervous
and endocrine
systems of behavior
Altered States of Consciousness
Identify altered states of

{

consciousness (
Personality 10 '
Definitions ' |
Define personality
Theories

Match major theorists with
their schools of
psychology

Careers in Psychology

Describe methods used in
psychological
research

Identify career options in
psychology

Total Lecture Hours 50

COURSE OBJECTIVES: SCANS COMPETENCIES

The Secretary’s Commission on Achieving Necessary Skills (SCANS), U.S. Department of Labor,
has identified in its “AMERICA 2000 REPORT"” that all students should develop a new set of
competencies and foundation skills if they are to enjoy a productive, full and satisfying life.
These are in addition to the Technical Workplace Competencies required by industry. SCANS is

made up of five competencies and a three-part foundation of skills and personal qualities that
are needed for solid job performance.

The following activities will be performed by each student for successful completion of this
course:

L COMPETENCIES

A Resources: Identifies, organizes, plans, and allocates resources
1. follows a schedule to complete assigned tasks on time
2. determine the initial cost of materials and "value added" as result of work
3. complete a stock request form for required material
4, provide a self-evaluation of performance based on the time and quality of
work

ERIC <34




‘ B. . Interpersonal: Works with others
' 1. complete assigned responsibilities within the shop floor serving as a
member of the team :
' 2. provide individual assistance/direction to peers as requested
N 3. perform work to acceptable levels of quality as required
4. works well with all members of the class
. C Information: Acquires and uses information
1. read and interpret blueprints
2. organize and apply theories of machine tool operation
‘ 3. perform basic semi-precision and precision layout as necessary
D. Systems: Understands complex inter-relationships
1. demonstrate knowledge of the following systems:
"4 laboratory organization structure: physical and social

a

b organization of personnel and facilities on the shop floor
c. systematic approach to the mechanical process

d dimensioning and measurement systems

e systematic organization of training materials

, 2. monitors and corrects performance during
l a. the practical process
’ b. adjustments of individual laboratory work schedule
: c. constantly evaluating the quality of work to achieve acceptable
l standards
d. maintains record of evaluations and sets individual goals
., E. Technology: Works with a variety of technologies
1. chooses procedure, tools and equipment required to perform the task
2. applies appropriate procedures and uses appropriate tools and equipment
I to perform the mechanical task to acceptable standards
3. maintains and troubleshoots equipment
a applies appropriate preventative maintenance
.\ b when operating machines
' c. reports all malfunctions of equipment to supervisor/instructor
d perform clean-up assignments of equipment and shop floor at the

end of the laboratory

I FOUNDATION SKILLS '
A. Basic Skills: Reads, writes, performs arithmetic and mathematical operations,
listens and speaks.
1 Reading: Locates, understands, and interprets written information in
prose and in documents such as manuals, graphs, and schedules
a. studies student laboratory manual
b interprets blueprints and technical drawings
C. read/studies textbook
d follow a daily laboratory schedule to maintain appropriate time-line
and task completion
Writing: Communicates thoughts, ideas, information, and messages in
writing; and creates documents such as letters, directions, manuals,
reports, graphs, and flow charts
a. outline the steps necessary to perform a mechanical task

N
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b. maintain a lecture notebook ,
c. submit written responses to chapter question assignments
d. complete all written assignments

Arithmetic/Mathematics: Perform basic computations and approaches
practical problems by choosing appropriately from a variety of
mathematical techniques

a. keeps a running computation of individual grade
b. performs mathematical computations necessary to understand
course

Listening: Receives, attends to, interprets, and responds to verbal
messages and other cues

a. assimilate classroom instruction

b. interpret and assimilate video instruction

c. observe laboratory demonstrations

d. seek and receive individualized instruction in the laboratory

Speaking: Organizes ideas and communicates orally

a. participates in classroom discussions

b. organize ideas and communicate specific questions to the instructor

C. verbally affirms understanding of a concept, procedure, or required
skill

d. communicates with peers to ensure the smooth and safe operation

of the laboratory

Thinking Skills: Thinks creatively, makes decisions, solves problems, visualizes,
knows how to learn and reasons.

L

Decision Making: Specifies goals and constraints, generates alternatives,
considers risks, and evaluates and chooses best alternative

a. identifies personal goals

b. identifies actions required to accomplish personal goals

Problem Solving: Recognizes problems and devises and implements plan
of action

a. makes daily accommodations to stay on schedule

b. seeks additional instruction/clarification for assignment completion
c. balances social and academic life/responsibilities

d. accepts responsibility

Seeing Things In the Mind's Eye: Organizes, and processes symbols,
pictures, graphs, objects, and other information

a. interprets technical drawings

b. interprets technical illustrations and symbols

c. understands both written and verbal instructions

d. assimilates process during instructor demonstrations

Knowing How to Learn: Use efficient learning techniques to acquire and
apply new knowledge and skills

a. demonstrate mastery of the basic skills and techniques
b. use these sequential skills to support mastery of new skills
c. understand the sequential nature of acquired skills and the

subsequent knowledge application of new skills and techniques
Reasoning: Discovers a rule or principle underlying the relationship
between two or more objects and applies it when solving a problem

AR TS,
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a. understands that practice may not make it perfect but it certainly
will improve the skill of the operator

b. understands that the quality of the product is a function of the time
of the operation and the attitude and skill of the machinist

c. understands the relationship between different metals and the tool

applied to the metal surface and adjusts machining parameters
accordingly

C Personal Qualities: Displays responsibility, self-esteem, sociability, self-
management, and integrity and honesty.

1

Responsibility: Exerts a high level of effort and perseveres towards goal
attainment

a. develops an understanding that in order to be successful you must
be a "good" student

b. develops an understanding that a "good" student is the one who is
prompt to every class and has prepared for the day's work

C. develops an understanding good students know what they are going
to do in class and does not waste time

d. develops a fine work-ethic

Self-Esteem: Believes in own self-worth and maintains a positive view of
self

a. learns to take pride in his or her work through positive
reinforcement

b. sees himself or herself as an asset to the class through continued
contributions to the group and a shared common goal

C. understands that an individual with a positive attitude and the belief

in their own abilities will systematically seek solutions and be a
valuable employee
Sociability: Demonstrates understanding, friendliness, adaptability,
empathy, and politeness in group settings

a. assist classmates in improving technical skills
b. assist students with special needs as a peer mentor
c. share laboratory resources (machines, tools and instructor's

individual attention)
Self-Management: Assesses self accurately, sets personal goals,
monitors progress, and exhibits self-control

a. maintain a record of academic achievement (individual grade book)

b. make accommodations to laboratory schedules due to broken
equipment/tools

c. accept the responsibility for self-management

Integrity/Honesty: Chooses ethical courses of action

a. accept the responsibility for own actions

b. exhibit personal honesty at all times

c. accept the challenge of doing your own work in the laboratory,
during examination, and on outside assignments

d. understand the consequences of unethical behaviors
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APPENDIX A - INDUSTRY COMPETENCY PROFILES

The following pages contain the individual Competency Profiles for each of the companies
surveyed by the MAST development center for the occupational specialty area of . These
Competency Profiles/skill standards were used to develop the curriculum for the pilot program.

The participation of the companies as partners in the MAST effort is greatly appreciated. Each
company has approved the use of its logo in MAST materials. None of the participating
companies shall be held responsible or liable for any of the findings of the project.

BEST COPY AVAILABLE

238



18V TIVAY AJ0J 1S39

03

wvOI 1V

3a[j0D) [EonP3
> w_mmw sexa], 1

)‘
(8000pL661°A)
sadupIeg BILIOSUO))
pue
weadorg A3ojouyda],
SIINS PAAuBApy J00], dulipejy
L'S'V'IN
Ag paaedaag

JUSWINIISUT/URIILIIII
HTIHOUd ADNALAJINOD

{onuo) FuuNI poURAPY

snoqoy

yuawdinbg 159, paoureapy

sjonuo) ando Jeqi g

suoneoijddy 1ndwo) peoureapy
SNHADNOD ANV SANTUL ANLNY

$9AL(] OAIDG
saAaU Oa
saaUg OV
ypwdinbg 159 Sunkeyay pus BuuRPp 9aN9I01d
mafyoimg
waunai] Sunooysajqnol] [oRuoy) 1010
U [O[UOY) 1010
€95 159 JounojsuBl]
£19ULIO)SURL]
ssuBIL
£13]]onuo)) 51807 101RIUINAICION
SI0JRISUDE) PUB SIOIELUN[Y
SIOIOJ OAIG
1010 O
UOIN OV
.:oEa:_vm Bunjing ohb)
dinbg uongoo] snop
spreoqjouBg _8585
£39puag ¥NpUOD SN NRIPAH pue [enuE)y
(919 ‘WIS IO ‘s10158IUOY)
‘sioun] ‘eAR[oy [0QUOD) 5991A9(] [EIMUBLION-0NI(]
SaYANMG [BILN9[]
wawdinbg Bunyiy [eownos(g
sjoof Bunyeiq oveg
sandwo)
121u3Q uonnqusl(g 1amod
ssojeisuap) [eudiy
sadooso s
sa1ddng 19mod
(uo durepd) uaepy duy
s12jwoYoRy
SIPW-UHO-IOA
sjoo] Buumsespy
wswdmbg Sutpeany], Anpuo)
SMES PUB §[[LI(] 2022
(01 ‘SIAUPMILS
‘s19dding onm ‘wialid uewouny) sjoo] suBIONOI|Y

INIWJINOA ANV STTO0L

$o1pg [euokind
suone[>y 0N
Aipromistuy
[euolssajold
Anpqy eotsdyq
sjqusuodsoy

UONEBANIO]

snonuaiosuo)) K19jeg

SEIUBIN

Kwauoy

Amnqepusdaq

Anferoung

s|[p{S [euosiadisy]

onng yiom Buong
SAANLILLV ANV SLIVIL

.

6E¢

0dBM

a8ay0D) [eopay,
mumam mWXm.H.

o
et
),.Ip
3

UE1n29]g
YALSOd Wi
WRpuuLIAdng 901A19G aoUEUNUIEN P BuuseuwrBug [enue)
‘Ad ‘ANRAIA "1 TIVHON
SIALLVINASTIdTY VOO'TV

DOSIMSARDIG OIS
SNOWALL AYVI H50¥

JOTEEPI00)) 39S
NOl11dd mU<..3<3
<§<w >¢¢m._.
Q0108 MMSSY
@I04S104d NOf Hd

wdmOOz HODNH ¥a

SAALLVINISTI T WVHD0Ud LSV
OOVAM IDATT0D TVOINHOIL ALVLS SVXAL

qof o jo Opag Ut 1osu0))-Ailfend) sonoeid
sInUIPY surmssy Aifend) Aueduio) jo a8pajmoury
saninqisuodsay whojdg efojdug jo aBpajmouy
sonunpoddp [euonednosg jo sBpojmoiny
spri, oy Jo sZenfue] feoruyso) o Wt o]
urea] B Jo Wed 58 Spom 01 ANpqy

s13U3sE ] Jo 9Bpo[moury diseg

fuesLqnYsping 4 Auring jo s8papmorny

suononNsUY [BqIIAMIRUM pusyaidulod 0 Aipqy
sprundy peorueyaoly

samp3201g/s3101[od Auedwiog jo s8psjmotry

s|Dis [euonezEdiQ

av8|dpom oy W Kageg sonselg

suongn8ay Lojeg jo 28pojmouy

sinys Bunup/Anpesy

S[[DS [eonEwaEN

$20U3(] vonsadsuy a5

$]OO], JUSWIMSBI] 95}

S|[B{S uoneounWWO)

ADATTMONA ANV STTINS

o)
L



 JY6VTIVAY Ad0D 1538

sIPuUnIem 1ead youms sIuLo)suen SAYONMSE Areros ‘ures wuny 1ada
| £I)AU | “EIIULEA “3Y UOS |Msuuoomp pue | pue ‘Y@ ‘s jonuod ‘sftod | mop pue [aas] | ‘vounqusnd | /154Q/LAdS $221A9p SI0EJUOS
.V dure ‘w neut B ‘woysisuen {221q YN | anm ‘LIoIstsal woed 91 sy ‘oxonu a1 /184S *91 sisum pue peojiaso sioues | aseyd sonp pue
-aimoa ooejdaa| -mseaw sovjdox | ‘saporp aoejdas | “sasry ooejdas | Bunmys sogjdas son[das aog[das | ‘sayoums aoe(d | ‘sayoume soeyd | shepas soejdaa aoejda1 | 1ojow soejdor| ofBus soeqdos
PURISIL E1-[] PURISALZI-f| PURIIL ||[ | PURIRL Ol puB s3] 6-f pusisal 8-[ PUR I3L, [-[ | -31 pue 189 9-( | -21 pue 153] ¢-[ puBIsd] p-f puesa] ¢-[ puB 1] Z-( Pue 183L {-f
s{[eopeo]
‘sofeos £19159) | s1opouniem peas
51UOR9] ugnsw | 10 S12)3UR[oA SI2)oUNue
sa1jddns Jomod siedas pue pue s183ow Bojeue pue SI9pUMIB UO Bojeus pue
I[QELIEA 381} 9] | RIQYED -] oo bl | ieudip esn g1 | durep a5 2-1) (mip espy 11
swesdeip
auny o[Buis Bun
swesfep swesBerp | -pnjown ‘suresd SONEWIYOE
offoj reyBip | orBo] Jappe| -e1p Buunm | weBerp ynono
Pedd ¢-H pedy ¢-H pedd T-H pedd I'-H
TS
-BW pe3j autu
SIALID a8mjoa jenp 2in eep eld suones
sjogquos | paads sjqeurea -pnjoul ‘sioow sweu Suten| -n8yuoo Biag
Jojow wejLnew urE e odA} swey | pouuosp pue SI0J0W 100Ys|  pue Ihm o)
pue reday -0 | pue stedayg-p|  Anusp] p-p | wewwopg-p | -oignoil Z-p| sznuBossy (-g
sojospumom | 98eo jornnbs ajod papeys una sopoedes | 1eys soyoedes aseyd nyds
1010w eep ned Ieom uon 91 ‘s1oj0Ww ‘21 ‘ojowt “9°1 ‘mIojow ‘91 ‘siojout “27 ‘sjojow ‘271 ‘sso0W
sjoQuod 199UUC2L oureu fuien|  pus ofeurepjo [ -wado sojow nonpuy nonpu1 qonpn nonpul nonp monpur | paads yoayd
soj0w wepnew| 2d) pue sureg pus 300U s10j0w 100ys| wuBs 10 010w snouonouks Jo sadKy Jo sadky 3o s2dfy Jo sadKy Jo sadfy jo sadfy| o3 rewoydEey
pueredany€l-] Anuplzi-d| -uoosiq (1-d | -oqnoit o-4 wodsy] 6-4 | pumstopun 8-4 | pumsispun (-4|p PUNS-4 | P PUN §-4 | pumsiapun p-4 | P pun -4 | P PN -4 890 -4
WIOTOM R P
somos 1omod -199uu0d punod
a 03 .I010W eyep fejd Kressasau 1eam | -woo % umys
sjoQuoo 3UU0RS sureu Buisn i ooejdas | pue oBzurep jo | ‘sauas usemiaq paads yoayd
Jojow UeNNEW adfy sury pueiu | sIojoW 100s pue saysruq | suBis 0] 1010w | -aq souagip| 03 MPWoYIE}
puenedoygg | Anuopiea| -uoonld o3| -oiqroil 6-3|  wedap p-g | 1eedsup -3 | pumsiopun -8 sosn -4
sdius sargd 19AUp ssond
@pweays | spooj puumyd nu ‘orenbs | uswauny ‘soaup | ssoumrey used
‘s Sutino ‘sayoudim An ‘soddins | 195008 ‘Youaim |jjeq pue mindar | wou ougow
sIdUress pue s1yno reuoBerp | xoy ‘und deam | onm ¢ joey ‘SIPALIPMOIE | pue Youm ym
SIUp oSN 8- | o4 (d =N 9a MmN §-d sNn g *n ¢d *¥N T-d]| emsNW [-d
eouepadun safmjon
pue s38ejoA 20U PUEB JUILIND
symond Hy ‘SUILMO plendus | sunoms Hgu ‘o0UB}SISAI
u Jojog 1omod oVermoEs | puy pure saiqe) semod sjemoes | O gEmaed
IMSEIN §-D | LIMEBIN =) | oM pedY €D | PMSIN T-D| AIWBIN 1D
$I1q®) saunjoa | sasqumu apatp
suonEnbs UOIEI2AUO0D pueseore|  pumAjdninu
oreigagfe il 1ad oengns
OIseq 9Ajog g o €9 ] dmIE) 79 PPV I-9
£301A9p
paisanbas sqof Bunsa) uoym usw
s8 Juowdmbe a%mjoa yBry|  seore o8myon 1amod o uon somposoid | -dinba Ajajes sqqissod
uonjoad Kyages 19ppe] uo sawred & | ySny woy sjooy | wmy“sjqissod | -eogrHs0 WD Kn pue xo0; paveuBisap | usym 9o pusy
W %N6V | omed 8V | tmxpom (-v]Eew day oy Wyms-y | umuEeNp-y | Bmosn gy Teom z-y | ouodaay |-y
<« syse], >

*SJUIWUOIIAUD [ELISNPUI PUE ‘[BIDIIWIWIO) ‘[RIUIPISAL
ul juawdinba 211101)23[3/[BILIIYD J00YSIGNOL) PUE ‘UlE)UIEW ‘[[E)SUl 0} S[INYS puk IZPIIMOWY SIS I NFINNWLSNINVIDIILOAT

P
- -N-,t.

AressadaN
J1 »vday
pus spieg

gowmwoy) 53|

jusmdinby
ELTSE B TN
1By

SIPSWIYSS
pus s3umuuQq
‘spopdanig

Jyseqg peay

sJ0j0]
assqg g
ajejupely

=0JOIN
aseqd 3301
ujsuE

sJ0j0ly
2d uimnujsy

s[oo] Jamog
puae pasy
yseg o)

sgoppung
18P
JjsBg wI0pag

SIS
LTI
Jjseg WO

Kajes 89T
8Ly

saynQ

S

ERIC




F18YUYAY Ad0D 1S3

e Ry

. )9 ‘5ies-go
Bum |9313ap g oxyew ¥nons oy
wnpuod w sjind ¥wnpuoo dens | -3y unpuod esn 0} s19puaq | 30j 9718 yINpuco
onm e §-d | PURBUEH p-d | sAnusp; g4 [ pumyosn z-d | stmwseg |-g
'Od B
suLree Jed)d |-5d @A Kb vodaseep | woshs ;omod | wiosuss [wrew
pou-g %) L0 PG 90 EW s-0 | wEp mdulp-0 | nouuy €0 aeRdp -0 | AwQIED 10
ureBetp
onewsyos Bun uonesyIseds [V e uoneisdo
88 wajqod | -sn wajqoxd yo weierp | suede sjaas] Annumuoo 291A9p [BUY
Amuapt o uoh [sesmeo squesod | wureBe Buum | JuarmosBeijor | oy svjeumno | o3 oamos tomod
sostasn o-N | ezd[euy ¢-N AR N 199D €N #N TN Moljod I-N
|19, 5
it
wswdmba sqeo 2jqed -o1orw jo sadfy
IoJuowW OIPIA 9]qeo [erxs Jred paysimy ando 1aqy $2OUp Y snouea ned
UEUTEN 9-A | -09 [[o1su] §- 1WsU] - lewsu] - | wewep - | -2aas9L -
Aressasou
Jtooedax suon s105U3s
PpuR s3[Npows uonsuuopn | -tpuosindino PUB 5PBIUCO 2I01BOIpI
ndinopue | 1sunos seum | pue sndun ouyy ndut 159) 0} saes )1d
ndu1 1891 6T | O1d Ped -1 | DId PR €1 | $D71d 950 z-1 |pumisiapuny -]
eu|
oY) woy 19 sdey pue sjuaLmd uon
~ULIOJSURY 109U SO0 19ULI0) fio Jouuoj pue ssBmjor | -miado ssunog
-Uod puB 09U -suen sreday «suan sfueys Iauuojsuen -SuBn dIsBq
-uoosiq -y | eoupday -y PuBIsIL £ | amsesapy z-) [pumsiopun) 1-)
¥
| SySe], —

npuo) [jesuy

e

sanbjoysag
3upooys

-3|qnoay diseq]

pusimiapun)

swayskg
uopBIjUNMWO)
Jedaynsa),

slamaojsusd],
ajeyupE

£490%0 LSV
P SNIVOOTY




9%

S661 Jaqudd(g

383[10D Aunwmmo)) epLIOl [e1ud)
Aq paaedaag

UBIIIUYIIT,
JUSUINI)SUT/UBIILIJII T

HTIH0dd ADNALAJINOD

J18YUYAVY Ad0D 1S38

IV RE> N

Louresy

[onu0) BuLly paoueApY
$an0q0Y

woawdinbyg 189} pooueapy
sjonuod Mdo Pqid

suoneatjddy 1sindwo)) paousapy

SNYIADNOD ANV SANTUL TANLNA

(9p ‘s1e11d Buming [euodiq
‘sdiug [0 1994 ‘sMER{OBH) $[00), [RISUAD
wotudinby 1891 Buifeoy pue Buuniapy oanosolg
Teodipimg
s1auTRl), Sumooysajqnos) oRuo) 101K
AU onu) I
$19[[onuo)) 91807 JOTRPUILY IO
SIOIRIBURD) PUB SIORWNY
SI010N O
IO DV
SRIBOQ[aURY [BARI]
('91° ‘tBAMG JOIOJ ‘SI01PEIUOD
‘woun ) ‘sAe|9y ${0NUOD) SIAAS(] [ETUBYON-ORPI| ]

SINMG [BOUP3T
wowdinby Buniry ooy
sjoo] Buryeq oiseg
anndwoy)
sooua( deiy anm
sndung oxpm
sunp Bunfme)
sonddng 1>mogyup dumy) szepy dury
n—uuoEO_.—uu.—.
SIOPN-UO Yo
sjoo), fuumseay
sunp fuuapjog
SMEG PUIB §[[U(] 09|
(*919 ‘sayduaIM ‘TIDALIPMIITE
‘enddins a1um ‘six[d uewaun)) s[00] suEILI|
INIWJINOT ANV STOOL

oI [BUCsId
suore[oyY Jowopn)
Aquomysnu)
Jeuoissjolg
Aupqy etsiyd
olqueuodsoy
uonNBANOW
sssuaremy A1vjeg
$52eaN

Awsuoy
Amqepuadeq
Arenoung

s][D{S Euosiadinuy
anpg yom Buong
SIANLILLV ANV SLIVYL

Gve

sosiatadng ‘qYALSWTIO NIt
sonardng ‘NNI4 1100S
Josiandng Kjes % YifeaH "LLTIOVL YNNOQ
Josiaradng $22mosay Ureum 1AVDIMS NIV
1aBeuRiy s9amosay UBumY *SNAHAALS NOY
ne|g ApogBeuely uononpoxd 'SIAOHY TTd
SuumioegjrurejN/uapIsaLg 9014 "TETHM NI
$22M0$2Y UBUMH U2plLd 1A ‘G TOENOM NVQ

SHAIOM LHIAIXT
ANV WVIL INFWIOVNVIA
"ONI “ANO ADNIDHIWA

Funp [eoLpelg “onnsg
WVHONINNNO MOR

ABojouysa) BuusourBug sotuonoe|g “oonnsu]
ANVIZAOJSIINGE 4d

s201sg Anenpuy/sonenq
XOA DN

voneanpg [aiwgIIL /g
SUIOCY HONH YA

STALLVINISTHITY WVIO0Ud
IADIATTI0D ALINNWIWOD VARIO T4 TVIINID

QOf 91} JO 9IUTULIOLI] W ssausnolosuo))-Au[end) sonseld
sanianoy yusuaoaduny Lijend) Aueduso)) Jo s3pajmoury
sonipqisuodsey 19hojdwgpeiojdurg jo o8pajmouyy
saniunyoddg [euonednaog jo s8psjmorny

ape1], 9y Jo oFenBue [eonnyo] o 1 k19400

Wes) BJo ed 58 jiom 0) gy

&19u9ise,] Jo 98pajmoiny otseg

SUORINNSU] fEqIIA/IIMUM Pusyudwio) o) AUpqY
sprundy [eonmmyy

sampadosgseatatjed Auedwoy) jo s8paymoiury

SIS [euonezniiy

sovjdpiom oy w1 Kjaeg sonseid

suonendsy A19jes Jo 98pajmoiry

Simis Bimum/Bupesy

SIS [eonEwRpEN

s331A5(] uonsedsuy o5y

$]00), JUIWBMSEI 5[}

SIS UotEoIMUILLOD

ADAITMONMN ANV STTINS




- I AN B BE B GE B Gy O BN AN B OGN B o AN BN am
T8V IVAY AJ0J 1834
||

SOB16Y ISV
X S
N smarmmosy

b

D oo
]~' Wﬂ N suogrmByuod> oV aswyd $I010 H.
wEp 10 somos 1amod oV assyd siolow | -sanp puw srzyd siojoul Dy oImuis N
foquod | ioj0u peaj-sum oyeyd sursu Bsn | -394 1amog puw o) 03 oo -2anp mppq v aseyd s *aqgo | areyd-sang pus pos iesu]
10)0U WTRUTSW a8wyoa Enp °df) sureg oou jooys | £ousrdgy3 1010 192UL003) pus pus akp oy | -3pBuis jo sadky uoquiado suweq | areyd-effuis ‘DQ
pus mday o1-f | pummispun 6-f Aruspp 8¢ -9IqnOIL Lof W o1 ia §-f uBossy yr | P pun € | P puny T-f iBosdy -
Sopm ~
Sugew sanbnnp>ay Auinsu]
sduim-2n jo asn uone] brny: brngsay PUE 00 pus )32uu0D
pus Buzs s3dosd | -nsut nygeay 153005 Buuapy uiddins snm Suduo anm
&gusp] 9 esu] -} AMRY] ¥l | PO -] | WI0d 3N T-] | smoumA I (-]
12y pu
WUy SALp s1and , agenbs
uuspjos | PPOT ‘TAPIL Q.ﬁz_..u Teuoferp A wiajoiold $j00] Jam0,
Sndwu> pury Y P ADISID s s12ddige ane | -rwr pus siadnes ool d :
10 Apuma Surl SpALp 1o | -ureal ‘usyound ‘sdrus fmew ‘aafn1 stgawe pus pusH

syseg a5

Eaojund Bin | dre anm p wAU ‘}IAUp-Maps | ejoy ‘STup uum | 1a9ys ‘asenpowy PUS Youl M
AMed 980) §-H | dod ‘swyd ypo] |Msnwasey y-H | eoyuiog ¢-H | ypwnd T-H amseay [-H

Bujpnpdug
samod puv 1amod pus sj0omasnsEI c
amond Hy | efmjoa yuarms Kyurejod sfmjoajuaims 192103313
ul 1098y Jamod | ‘souepadunt Dy Eanxspiur | g Gmuguos | *edumssas DQ Jseg w0y
W §-D | Bamses v-0 s ¢-p | fugonpuo) ¢-p | Suunsesw 1-p
#unajos wayqoad R0m Jo vare sund uo sunsd uo sud 1 neny
siskjrn nses, n $3 K0! uo pIsN F¥ KON 10038, gl
ﬂ-ﬂw&h& O3 JURAQJA #10Q v.” 5_._._“% Nm van:a E_u?av_n“u .Sn.e-._ﬂ:._uuv smod E._a.tu“ ..._kan-_uu!_-oqh NSRS soUse Bojajos maqoag
xj auwp pus | -9o7dde ponsws neandiy neandiy pus (eunsap o) swpouny | o wiswp pue | U0 uoRIERgns 195108933 L |
| ‘sydesS sy “1pewW et IPEAGNS ‘uol) | ‘VODRAGNS “Uon -0)-suolIRy [sansuiay neaydiy PUs uonmppe POE |E311139)F
paydde 0 g-4 uuojiad L-3 | -pps Aiddy 9-3 | wes ddv ¢4 umm0) p-4 Addy ¢4 Kiddy -4 Addy 1-J
oy pue sum uo pus "y .
310 e drys PO MU asadxo pus uonezTrelio Kjpamooe ayem Aressasou
-uonejas Suppos W3] o) es3u s8papaowy jo ur v P jo speod o[uow pus sprms Suopumgp furajos ugajdwios £q ymduosow sdwys oM H
pooB ojans -Suya ojans FBIT8 UT PR3] 0) }om oznredito pus asodmd Butjaay pood oanisod 2ARBAD wajqord pva onpe oM 9y 0] s2amosas -uonwjas 13ad -03 jo saj01 9y
-towag €1-a -wowa(] z1-3 | Sugmmoq 11-3 pusueld 0[-3 | P Pun 63 ofa 3 8-4 s poddng £-3 Addy 93 | panjoautog ¢-3 AuMey -3 oreys €3 wodsay -3 | pummapuny 1-3
. e
newBeusu WU IAY swasozdun funuwa pus nins
pus aapiomod | -sngsuos jdadss sagmq ;) N padoud 1suayd vopesjunwwoy Q
ALe ojBoMm pus suogsaxp | -uodsas yiom | 10j suogsp Loy “Barpeas aensoomag
-nunuod Aeqian MO[[0] pue IATE szguoud pue ~u0333 aredazd juaumoop pooB ojans 13usy 9AR>

Qoqeeg [ | ®9qeod 90 | aumwumg ¢ | o)9qeog »qd o3 og ¢-q -uvowaq -d uwog I-g

awdinba sosidyiom oy
opryg;e pus pue £j00) w Limquuodsas | ompayos yiom D
wauvonauz | enyeut efsun Arenb pue | Jo T 1y $an[EA | pue ‘uoRespap | LLe edUTP
opryme aansod oM oaguod Avedwod pooB | 93u3]adxa 0} pny PUB osn [yared usap pusiesu | eiow yBry ojans | ‘sonpa jom 3sa | ur qof ey uo puw

B9QdRY 6-D ® yoddng g-5 Vuasyd (-D | -Wuwod g 9-D eoRaRy ¢-D ® fedniq O -uounnq ¢-D | -uoyenmA z-D | Wwosdog 1-D

Fuijoo)
Aymab |10 spoipaw yiom s33303d wswaaozdun LHiend
umuEw e | w d Buungoey Aigenb sno 1m0y,
sampasoxdpuw | -un pusunuoda o v rend | s w fgend jo | -numuos jo oy aaoBIg qa
supid “spoypaus | pus weld QEnd Jo mdasuoo | esumpodus ey pus sajdiouud
YmQss3 ¢4 | o mofog y-g | wwewadwy ¢-g | prmwspun g Addy  1-g
(sassof8 Fnpuey
sau3Neq pLoe (Rajes Kiages 4oy [EumBW Mo wsudinba « .
-pea BudWIas uoneman |saakojdwa mopay $33mos Jamod prey 8-9) juaw ~prezey 13doxd oAlda01d osn 12130 pus jjas safa Kojes 12)es
pusBupuey | 1odiH fmp | Suuoyous o7 vosampso | -dmba Kayes 51001 3o ¥dd josupums | pumssonoud | 05 eprep Jo 8 wmsaz f Y
gnesad T d | wapks Appnq Kiages 15ppe1 | -02d An puw 300 pamBuap | omm oy i Kjopes pUB prB oIy | -19pim e gjRns Aages e | Koges uomad | -9pm opans
M40 71-V | eAlKQ [I-V | wondd 01V | eomoay ¢v | ‘Pmesn gv Ty (v | eomomld 9V mowy ¢y | -wouag p-v | uoddng ¢y | oeumssy gy | -uowsg v
< syse], >

"SIUIWIUOIIAUD [BLIISNPU] PUE ‘[B1IUIW0D ‘fenudpisal ul judwdinba awoaydapp
/TEQLIIIID J00YSIIQNOL) PUE ‘ulejuieul ‘[le)sul 0} S|INYS pue I3papmouy $3s)**NVIDINHOAL INTWNALSNUNVIONLLDATA




318V 1¥AY AJ0D 1534

6v2

pawiduwod

o Juaumdop suonedyIdads o008 Jo0q shuge 20w $3]quL S,
0} pasm suioy 1o yjom | 9poD VAN 2o IFIN aButed udo:dd
puayasd puayad puayaados pue dwiod pue Y pue duiod puw
puv peay 9-), pus peay ¢-1 J3d ¥-1 )9 €L U -1 3y 1-1
wusyeq
sauayeq sauaneq seuTILR Buians pus
Jo 834> samyxg JO suoRdauuod> Jo Ayt Bumreynn ‘Bump
Ereyserp uo spumosd 1oimered -130puod pood s3u3eq -uwy UM IYR
SNNUTW IALISY pus iy o sdsumpodun pus s3U2s Jo dun TEuT 0) suor
PUN LS PUnN 9-S PUn §-S Pun #-S | P ) €S PUBRRYD) TS | pummiapu) [-§
sduim-an
Jo o8 pue M
furzy 1odoid | ympuod wt gmd ympuod degs | 10) 9718 ympuos
Amuap] y-y | enmorEW £y puwBuey gy | sunmang |-y
SULIETS TB3]0 UV
Yoreas wajqosd KArmbui aseq - podar sep
ppuo) p-O | wEpoE €O | wonuug D | wepindyy 1D
Aunsy Juy
n.S.E.&h weferp
TWE ez | onewayss fuun uogeogads %Y
opus sy | waqod seso| wajqoud jo ureifier wureds wureBe sjensy fimunuod $331A3p pBOY 0}
azudosdds o} uogemaul | s ajqussod fune pyos Juamsgdegoa 10§ 1333w 2amos 13mod
oL Ld e 9-d ey -4 I »-d P €-d -unjo a1} I-4 xofiod 1-d
(suogwmnuun
Sunyy (usatasnreq
BoqLResp 1 As suus “B'2) saxasp sayeads
U1 pam 53) 9148 Iojuow -US puR $3[q80 uoOGEdIRMUNLIOD pue sauoyd surayske
ogdo-1qy 9-0 03P €O Do) $-0 €0 B 10 | s§Rdwy 10
Aressaxou slosu3s
piaowdaspue uogsuuonn SuOQIPUOY pUE KIYUSD £03821pul
sampow ndjno unoo ‘saum | indynondur euyy ndut 159} 03 mns Od
Andurpa) ¢-N | OTdP®Y N | O1dPRY N | #D1den TN |Pummspun N
"o | s | s vyl
Trwa *1312Wun ‘siopusen @ ‘wogsqpnd £)23UU0Sp pue
opR QST “apaungon ‘seporp *B'3) susoysuey ‘o w Ladd $321A9P PBOUIIAG LI03dTUOD
a1zosdosdde | *3-3) sunumnsyy 5233 A|S =3 s10)sual fonuod ‘15401045 1846 soum pue | ‘s13x831q IMORd asmyd-sanp
M50 CI'N | MpumswIN TN PUOS 1IN | wonms o1-W o 6N | smanm gNW unms (-W 103 9N | uowedsy W |1 mems - uepd W ‘omd TN | e apus 1w
(e ‘unjo
1003 oRsouiep ‘dure Yjour
uosTLIANSG (yuaxms pus 81903} B9) mojous
puBuapapur | e8mioa) Addns QA pus uo Sopeus pus
-ons os) ¢~ | 1amod o) - |waBBawasny (- dursps asny 7-7 -
sootop B
fRuIUM0p uo 20pun Sopars suresBs1p ouy
Bunne W3 Bunmuos | -apBuis Burpnyoin
PUR ‘Q'SH neuIY 1P Buie P 190[q
pumanpun ¢y | OSMONI[I p-y [PIRF €4 EARIAF T-NH
< syse], .

SUSLEUILSYR
SAALIOISL

sjuamndoq
Bupnaom

¥ Mooqpusy neq

P100g 3po)) peay

npro)
qixaLy
[gsisay

juamd)nby
3] pateg
Jossadoudoady
rodan

sanbjogaa)
3upoogs

-3qnoay Spssg

pumnssapan

$35jA0Q dj00nd23
Bujmo)jog
unujsy pas
L UL

AamssadaN J|
9381day pus nasy
pasn Ajoowmo)
Bopmo)iog 121

juamdnbz
Bupanep
19102943
J|seg asn

Bujpnpdaf
S3ujmeiq
sqdean peay

saynQ

PanUYUeY " NVIDINHDAL INTANYLSNYN VIO LD AT @




L ] saateals
MAIMOLSE

- Il B
1 3%
e -

d
weayumun | pomweowwp | moyor-gey | ¥ SEIN ——
0} o ysayTp -uays remBax waunonaus | o fnpons spnpe 193J 001 0} dn Jeopkeg >
0} uogBuULION P P PiodAoy Wl | suonisod snouea | SRy aymsajoy spunod o yy ssaunem
ssaufam Jo foysy | wom o3 e woy yom | 01 Amqe sens | o) Qmqe cens
- Kddy 9-A | ewuasag A Aodng yA | kY €A -vowaq I-A [ -vowsq |-A
A8ojouiuua
APNPA
waisks PIquasss »u_.o_n_&._o._o ABojonjmis]
1903 & 58 pajEjas | Binaq yuawdmbe o Supues HELD N
quauodwos moy | jo suogoumy oy -ppm RS A>usBromy
punuspun €N | P Pun N | vAudea 1-n
> soynq

< syse],

pInuRu0NVIDINHOAL INFNNYLSNUN VIO LOATH @




nGe

%%w_ﬁs_% *

)l.
(8000$L661°A)
saroupied BRIosuo))
pue
weagdoag £3ojouyday,
SIINYS PAJUBAPY |00, SWYIBA
L'S'VIN
Ag paaedaag

JUSWINIISUT/UBIILIPII T
ATA0Ud AONALAINOD

-t

IS . . .

jonuo) AP pIsuBAPY
$%30q0Y

wewdinbg 189] pasueapy
sjonuo) andp 1aqig
suonearjddy 1ainduon pasueapy

SNHADNOD ANV SANTIUL 2ANLNA

SIAL(] OAlIg

$2ALQ O]

$AUQ OV

wswdinbyg 1891, funkejay pus Buusspy aanssiolg

1aBoIMg

wanel] umooysojqnol] [onuoy) Jo1op

13ju37) JONUOY 1010

19 189] Jauuojsuel]

£12ULIOJ SUBJL

fnisul]

£19][0nuo) 91307 J03BISUIH/I0IOW

SI0JRISUSD) PUE RICIEWAN Y

SICIO] OAIS

010N Od

WI010N DV

wowdmbg Bunmyg oam

wsurdinby uoneso] snoprezey

Spreoqjaured [Bolnddfg

£13pudg UNpuO) SlnRIPAH pue jenuEly
(-919 ‘SI9U®IG JOIO] “KI0NBIL0Y)

‘s15un) “she[aY {ONUOY) $90UI(] [BITUBYIIN-ONDYT

SIUIUMS [BOLI T
wowdinbg SunyBry [estnosiy
sjool, Suryeu(g otseg
unduio)
121U UCNNQINSI(] Jamog
10U jeudig
sadooso[osQ
s31jddng 19m0g
(uo dure(5) W dury
KIDJ2WOYIE]
SIPN-UNYO-I[OA
sjoo] Suimseapy
woawdinby unpeonyj, impuo)
SMES PUB 5{[L(] OL9lg

(7919 ‘S19AUpMaLS
*s1adding onm ‘wayd wewau) soo], suretoLnedly
INIWJIIN0I ANV STOOL

1Y [BuosIag
suoneeYy Jewony)
Aypomystu],
[eucissajo1q

Aunqy reotsdyg
sjqisuodsay
uoneBANOW
snonustdsuo)) A1jeg
SSIUJBIN

Ksauoy
Aupqepusdsq
Anpergoung

SIS reuosiodioquy
onpg >pom Buong
SIANLILLY ANV SLIViL

£G¢

3a
° %w@wﬁ

)ll

iRy aedoadsuwnsis SND
pur ouideg upmdemuey
NOX TAVHOIN

gﬁﬁ uRsaq SWwIpLs pus
JRURHA JOJUS

LADAHOS ALYV
kg paysyuanyg

URRASIRSAMIDIS DIRS
SNOWNILL AYVIN JS0d

JOTRUD.00) 335
NOLTdd FDVTIVM
<Z>><m >meh

soyarmpao) 1ol
ADINAd 301

20105(] IMSSSY
@I04S108 NOI da
mw—mOOM . :OD: aa

SIALLVINISTHJTI WV O0Ud LSVIN

00VA 3031700 TVOINHOILL JLVLS SVXIL

qof 31} JO POUBULICHI UT SSOUSTIONNUOD-AYEN) So10R1g
san1ANdY sourmMsTY Aifend) Auedwo) jo o8pojmouy
sanipqisuodsoy 1£ojdwgeakojduy jo a8pajmoiry
senunuodd( jeuonedndQ jo 98pajmorry

spes] aip jo 98enue] jBoNNYdo] o U PRIPAUCY)
wred] @ Jo Med 52 oM 01 QY

£15u9)58,] Jo 23pa[moiry oiseg

sresuqny/spingg Bumng jo s8pagmoury

FUORONDSU] [eqIaA/UaNLM Pudyaiduio)) o) Kunqy
sprundy jeorueyp

$2IPaoo1/sa101[0g Auedwoy) o 38pajmoury

SIS [euoneznredio

soejdyiopm atp w1 Liageg eondey

suonem8ay Li9jeg jo 98pojmorny

sipys BumupBupesy

S{IiS feonBwayIBly

saamaqg uonsediuy a5

$]00] JUIUIIINSBIN 951}

SI[OfS uonedrUMuALO])

FOAIATMONI ANV STTIMS




IHE S BN R S SR AN B G BN B BN B BN BN am BB S .
3@V 1IVAV AJ0J 1534

L __________________________________________________________________ ] £61400 15VIY

0 4L
m - N ssjPunIem 1208 youms s1oun0jsUBN SYOIMS Areror weo | wuny pada anUMoZ
sw| ‘ssulres 9 040 |wvsuuoosip pus | pue “ayBi suru | onuoo‘spoo | mop puejasel| uonnqusnd | s15da/Lads $201A3p £10}5R1U00 1 338102y
dw ‘w13 | ‘uoumnan % ‘SIONIEURN | 19)B21q WNOAS | anm ‘sI0s! ‘ssoyoed: 91 "oy ‘osomu 21 /18dS "1 s1ourm pue peoj1aa0 ssoums | eseyd sanp pue pus spled —.
-sunjoa 23e1dai| -meesus 9dejdas | ‘soporp soejd ‘sasty ooe|da1 | Bunrers so8(d 1d 1das | “soyayms aoe|d | ‘soyoums ooejd | sAeaa aospdas soejdas | 100w eoejdar| apduns sovidas aomwmod L D ﬂ) ﬂ
PUBISIL €1-[| pueisdl Z1-f] PUBISIL 1l-[f | PpuBIsaLOl-( pue 53] 6-f pue 1s3] 8-f PUBISIL L-f | -01 pUR 183], 9-f | -21 pUR 1S9 §-f pue s3] p-f PUBISIL €-f PUB L T-f puesd I-f v aly
$[)90opeo} -Mu&&:.ﬂ.—
‘sa[eos 19159) | sumpauniem peas THNIN —
smond3fe uongnan | 10 s12uNjoA s1aouwe (Ll
11ddns 1amod nedas pue pue s1eddow Sojeue pue | s1zjoumre uo Bojeue pue 2jteg
PiqeueA 850 91| AwrIqyED 6] asn vl | reBipoesn g1 | durp asn z-q| jedp o 11
ﬂ_MEEwM..-“ ps@WIgIg
sul| a[Aunts aun pus s3onuqg
swardeip suresBeip | -pnjowr ‘sured SONELIYOS ‘pupdanig :
oo midip | o180 19ppe] -e1p uinm | wedderp nono yseg peay
Pedy v-H pey €-H PeRA T-H ped I-H
Sy
~Bll pEs] auTu
SIAUP a8mjoa fenp ©ep ejd suones ooy HV
sjonuoo | paads sjqeLrea -pnjout ‘siojows sureu 3isn| -nByuoo BYaQg aseyd gL
001 UTERTEW ugyuIsw adf surg | yoeuuoomp pue | wiojow jooys|  pue akm sjsEp
pue meday 9-p | pus reday 5-p | Anusp] p-p | wIuuosg-p | -dIqnoil Z-p| sTnBosay -p
io105punom|  98eo [ounnbs ajod papey uni soyoed ue)s 10uoede oreyd yyds
wojow wep eld IB9M uon “9°1 ‘ssotowt “9°7 ‘ssojow ‘o't ‘si0j0W “9°1 ‘slo0W “9°1 ‘s1oj0W 91 ‘sio0j0W 1030y r-m
Sloguod PIUUOS ourgu 8uisn| pue oBswep jo | -wsado sojow nonpuy nanpu nonpul nonpu Qonpul nonpw poads xooyd areng sj3uig
JOI10Us W adky pue oumyg pue 13U wotous ooys | suBis 105 10y0w snouonjsuls Jo sodhy Jo sadky 3o sadfy Jo sadky Jo sadfy Josadfy]|  o113pUIOYOR s
puenedoyg1-4] Auwpizi-d| -woomqti-d | -sjgqnoigor-4 wodsi 6-4 | P PUN 8-d | P PUN LA [P PUN9-4 | P PUNs-d| P PUNL-d | P PUN €-4 | pumapun 7-4 8o 1-4
YICTOur ORI P
oomos Jamod -Panioo punod
ot 0} 100w wep ajejd Kiessaoou Jeom | -woo 7 wunys @
sjoquod 193UL0031 sureu Suisn Jiooejdas | pue aBewep jo | ‘sousas usampaq paads yooyd 1010
010U UTENTEUL 2 sumyg pueysu |  siojout 100ys pue soysuq | suis 1o ao10w | -aq sousssgip| 01 390woyom oa sinuiIsy
pueiedoyg-g | Anuspre-g| -uoomg 9-g| -eiqnoir 63 wadsu] -3 su] ¢-9 | puwissspun z-3 sosn -3
sdrus [SEE] 19AUp sd
rEow dys | sjoo] feuures nu ‘oxenbs | vewaun] ‘soaup | sreumrey used $]00L Jamod d
‘wanpd Surpno ‘sayouim £n ‘1adduns | yox008 ‘Yousm |jleqpue remBar | swmu swmew pus pury
slauress pue s1nd reuoBump [ xoy unB deam | oxm ¢ fosYy v ‘SIALIPMOLNE | puB YN M Jseg ¥3()
S asn 8-d | doyasn L-g N 9-a sn % ¢-d *N +a *n g N T-G| emep 1-d|-
ssuepadun s8njoa
pue sa8mjoa UBEIEI PpUB UILIMD suopounyg
sunand HY ‘fiuaLmd pesdune | sunoms Hqu OOUBISIEAI (LRI TR U
u 10708 Jomod oV eroEs | puy pue s3jqe |tamod aemojes | g AEMjEd J)seg wmioprag
SMSBN §-0 | PMSBIW p-D | 23 PedY €-D | PMSBIW T-D| PIWRKW 1-D
s[qe S3uInjoA | s1aqumu splatp
suotgmba UOISIPAUOD pue seorR pue Ajdnnw _uo:"_-_._.u“w.uz q
oreiqade | Juswamsesw ‘wrojouniad “penqns s8g Wmaopag
OISEq 9A10S d N ¢-d | dreme) -9 PPV 1-d
$321A%p
pasanbas sqof Bunisa) uaym usw
se ywawdinbs ofejor yBry| sears 23g;yp0a 1amod go uon sampesoid [ -dmba Kiages s[qissod Lpjes [eapp93 A"
uonxod Kiages 19ppe] uo sswred 8| yBny woy sjoo3 |  wmy ‘sjqissod | ~BoyTIO YdD An pue }d0] pareuBisop | usym oog puey g
1Y 250 6-V MU 8-V | m o Loy |[prow dvy oy UM S-V | UIERIUIEN -V Bman gy TOM Z-V| osuodeoy |-y
< sysey, > saung

*SIUWUOIIAUD [ELIISNPUI PUE ‘[EIIWIWIO) ‘[BBUIPISIA
ut judwrdinba d1u04)23[3/[EILIIVYD J0OYSI|qNOI) puk ‘utgjurEw ‘|je)sui o) S|[HjS pue IFpajmouy sasn I NTINULSNINVIDINLDATA

Aruitoxt provided by Eic:

E\.



LG9

e ——

318V IVAY AdOD 1838

syown 919 ‘sjes-jo
moj 03 dn Bun | sBep o6 e Wnond 3y
unpuco pusq | ympuos u sjnd unpuoo dens | g ynpuos ssn 01 s19pusq | 10J 9218 yinpuod
SUNPEY 9~d | dmm e S-d | PURAWY t-d | sAnuap] g4 | pusyesn z-g| sunwseg -4
Od e
sure[e Jedjo |"Od ew Annbui wodozeiep | washs ;omod | siosuss [erowr
TBW-g %) (0| /PprRIS9-0 oW s-0 | BEpIndnpo | moumge-0| amedozo| maqued 10
ureBep
onewayos S uoneoiseds o> uonessdo
eaze wa[qoxd | -en wiajqoid jo weBeip [ ureds s[oac] Amunuoo 901A3p [EUY
&muspt oy uon (sesmed aqqusod | sweBe Buum | yuaimopefeiios | oy sepsunino | 0y 9omos mod
eon oS o-N | ezAuy ¢-N O N PO €N ®N TN Moljod |-N
uaxeads /sy
-1jdure ‘sauoyd
wawdmbe sqes sjqes -0 jo sadfy
JOjfuows 0IPIA OJqEd [En® ned pasimy ando 13qy $201A9p Y | snoLrea sedas
ururey 9-W | -00 [iereu] S-N el gy [Esu] ¢-W | Ul Z-]N ML "N
Kessasou
J1 ooe[dax suon slosuas
PUB s3[npows uonpuuiopn |  -1puosindino PUB §19R1U0O KI01BOIPU
wndinopue | 133umos “reum | pue sndur suny ndun 159 0y syes )1d
wdin 3831 67 | O71d Peod 1 | DM PERA €1 | $071d 9501 21 |pumsiopun 17
ouy
o) wog w13 sdey pus siueamo uon
~ULIOJSURR 199U $[109 Jouwo) [to 12uuo] pue sa8ejjoa | -ezado 12uwo)
-U0CO PUE 29U -sueq nedas |  -suen oBueyp Pulojsuen ~SUBY olseq
“uonwiq ¢} | ,oeday -y PUBISIL €3 | omeeaN Z-) |pueisiopun) [-)
< syse], >

Hnpuo) jwsuy

sanbjugaay,
Bupooys

-alqnou] djseq]

pussiapun

swayshs
nopeyjunw@mo))
Jjedaypsa)

$1d
jooqsajqnod ], T

slantojsaes],
DL DL Y

sapnQ

S6IEL0 LSV
MILOTTEIN




03¢

7 11 N

WA
4

HLALLLSNI TVOINHOUAL VLSNONV

«Hﬁhﬁx V

(8000pL661°A)
SIdupIEd BILIOSUO))
pue
weadoag £3ojouyday,

SIIPIS PIdULAPY [0O], UIPIE

L'SVIN
Lg paaedaug

NVIDINHOHUL
NOILVINHNNIYLSNI

ATIA0Yd ADNALAJINOD

F18YTIVAY AJ0J 1538

[0RU0)) §53301 [EINSNEAIG

sonoqoy

sjonuon ondo 1aqi4

fWUO) [EjUALLUONAUT

swaAg [0RUC) PINQUISIY

Buumgoginuepy pereBawy ssindwoy

.EoEn_:_vﬂ wn__.v:a: _S.S.EE vu.qu.=<
nestjddy sandwo) paoueapy

SONTIL g.—.:h ANV SNYIONOD

S19ZA[BUY 191EpM
sIapLsUeI]
199NpsuUBRI]
sagnep ureng
J9pwansedg
wawdinbg ey Lajeg
SI01BIPUIRIIPIOOPY
s19[jonuoy) a[qrunyedory
xzkjeuy yd
wswdimbg Aoges [euosiad
£1930WIMO} ] STE]N
laulicjsuRl] [ENUIIINIY J{QELIEA Teaun]
wawdinby Bunnes) uonzuswNnsU]
(prepue;s 1snede pajRIgl[eD) qe) $[00L SN2 UonBUSLMASU]
qe7] yusumnsug
yieg 93}
§joo] pueH
(mo[ WunT ‘amssaid) selnep
uszd[euy sep
wswdinbg Sunnesy feownssjg
wewdinbg Buwuei] 18I
SAUg amig plios Oq
srodweq
doomnnyy ‘doory 2[Bung ‘4] Ud
s13jjonuo)y
SI2UONISOJ/52A]BA JORUC)
1 nduoy
(fyddng 1 ‘WOA) siusunasu paeigie)
wszAjauy ny

AL 1S PIiOS OV
STOOLANV LNIWJINDI

Aquomysruy

onpg spom Buong
UORBATON JI9G
monuRtatuo) ARJeg
ojqsuodsay
Ajergoung
[EuoIssaj01q

Aupqy feotsAyg
NP [evosiad
SOUNeIN

SIPIS [euossediayy]
Kisauoy
Apqepusdag
suonejay awokny
SLIVAL ANV STANLILLY

6G¢

«.N.E_\ V

:-Eo.-. uoTELALmgag
% 0 mOn
uAn ._.

nFemy -!_E&uo UONEALNOSUY
IaVI0LV] 30!

SHALLVLNISTd I
SLONA0Ud IONVINHOLHAd ODONY

¥ 1LL (90L)
SWOXY

NOSTYYVH VHSYVIN

060114 (900
¢

SATIHd VTINVd

wiriiL (90L)
ABjoapa], EIMAPANURANF + PANRY
YAl WRId
8E1r1LL (501)
Bojoupa] 3P0 - pral uagmdsg

genis o)
JHIGNVT TINNOY

awov.:h SoC

SIALLVINISTHdTY WNVHDOUd LSVIA
ALNLLLSNI TVOINHOAL VLS19NV

s N oF 39 ud %0
sa013Q uonsadau s

SIS SunumBuipsay

ase[dyiop o Lyages vonoelg

QOf 91} JO QOUBULIONJ Ul SSAUSNOIIFUO-ANjENY) 29NIRIJ
SiMiS jeuonezuedio

sprandy feorumyooy

Bu ¥ wqadly - SIS [EONEwDERY

suong|ndoy Lajeg jo sfpajmorny

sannunyi0ddQ [euonednasg Jo s8psjmotny
ssmipqisuodsay Jakojdwg aekojdurg Jo s¥pajmoiry
SMUNIY sourmssy Aifend) Auedwio) jo spajmoury
S2ImMpaoco1g/sidtjod Auedwio) jo a3pajmoury
sampadold uonriqlje) Jo s8papmory

apa1], oy Jo oFenSue] [eonnjoa) o W 9819AUOY
§{{DIS UOTBOINUILIOD)

ures] e jo yred 58 jiom 03 Kipqy

SUORINDSU] [BQAMRRUM, pusyR3dwoD) 01 AV
TOAIATMONN ANV STTIIS DISvd




¢3¢g

31V IVAY AdOD LS38

lw‘ ® N MrOLOTOLISYIN
- SPd SHI"OXY

- 5]00) [eroads sjo0}
Sunuien pue i neIpAY pue Juswdmnbs uolEuLIoJul Bumerp
pare[al ueld [sexmoo Bumunen susndiuoo sjenuew Bunppuey 105 suodax 1591 Jo an sprepuEls wswdinbo pue sune
Sururen 5| Bunnen 5g | w aedionreg | Kiages BnoBuo | reuosiad pums feoruyos; | soonomud ojes | [eotuygosy sium | aedosd pumis | J1f/vS] jo uon feonny a9 sumBep |  -v1p 1udiopn
PunNy €1-4] pusv Zi-4 4 puany 0l1-4 ~19pYN] 6-4 imn -4 annboy (-1| o1urs] 9-4 -wpun §-4| -edddy p-g Apmig €-4 Yris -4 /pedd -4
surerfeip o18o] suuoj i Aupdwos popaou 0ep
Jo/pue 39ppey uoneoIoad As | Aqponnbox| 1 sampooold wep TP ; Bep
sOd 91epdn pue SI9PI0 oM Sﬂxm_ pue| 10§ wowdinbe suodas swal|  |Ep P90 wowdinbe aanuaaoid | uoneiqiesnsy
ueoyd [1-g| orday ol-7 fAum 6l| omdag 33| Aoeds (A WM 93| mouay 7| awmeag p-g|  pioxy ¢-H|  prowy g |  pioody I-F
For/123
Jostaadns 10) ¥5>n. jo | dnos8 Buruued aum | qof oy uuopad qol
Papu o1swajqosd | soueuuopad 01 |y apnpayas Ay R0 01 sfeuaew | 91 uo paanbal
suotiRI> suorpunf suohs J1 sampacod dinbe | soud uonejost wy s sonun | Auswdinbo sBumesp
-do sninoje) | otnawouoBny | -do seiqady| suonesgisedg uohjrIqI[BY feuuiouqs wowdinbe sanuaasid | -oe spom ajeu fioorisdord | pus sjusumoop
Uuopsd [1-Q| uMopdd 01-a| wuopsd 6-Q moljod g-q | meuaum (- woday 9-q Auap §-q | 2wwp100) v-q|  -pioo) g-q | sunusg z-g| wzedio 1-g
. pmalgipey) | soafea pue iy
pus‘on| -nwsuen *o1
81 ‘apeIsed ‘Rawl ‘soolA0p P15y un
£192A16uB | -9j9 ofum funpryo | rewss amBguos | Aeydstp oopta wun Aegdnp SIAJRA s19zA[BUB s19zffeus | sivzdpus sredos
se8 aeuqieo | - swagks jaguos pue Ajioads nipe pue ooprauea[d | saAjRA OAIS oA135 100ys | 1318Mm RQRIqI[ED I8 BIQI[ED pue J00Us
PUBIRL 9¢-0 o 50| uBeog pe-0|  Wouo €60 pue el ze-O|amaqiE) 16-D| -vlanosl 0€-D | pwR sl 62-0| pueisal szo| -signost (z-D
Sunndwoo s1ouomsod RIFUIAUCD fUIWI[D $201A9p PloY) ss3001d 0] 938]
oTuon0[e 19]jonuod [SOAJBA pue carjdd: gul 10) sampaooxd soAjeA | -o1 swaysds Bun T [ [SER: n
neda) eoo} medas wajjonuos | jonuod medar|  aaea jonuos | 1amod Jooys uoneIqLA ojdnoo i prouajos medax dwioo yueid | pus sneumsud nedas
PpuR j00Ys puE 00s eIqi[E puw 1004s sjmqIEs 9]qnoxn pue wo pue | -ouusyy medas eAnuaasid pue 100ys |nreda1 pue Jooys :S13][0QUOD pue j00ys
21qnoa] 92-O | -9Iqnoll §2-D | PUBIRL pZ-O| -9In0IL €2-D| PuB L Zz-D| wedsuy 17D APUD 02-0] PURIRL 61-D | uuopad 81-O| -elqneil ({-O| -9iqnoil 91-D sunl §1-D| -dqnoil $1-J
peaysaridumecg woulojsuen ms dusyp|  emmadus
fuWL[e -S§JUWI[O sIInnusUen [enuagp sl07801pUI so3ned (sodurep) ‘mop‘[eas)sad pue
Bin 3w qi[ed pus o|qeLrEa | s19piooas sredax K12P10233 sIanusuen nedal| pue wojeoIpu 9AUD [ORUOD s1ouonisod nedas | mogpworarssaxd
pieg eoeda1| pioy iwsnmp | “medas Yooys Teour] Yoous pus j00ys NmIqIE ArIqL{ed> PpuB J00Ys ouqies | wnfpe pue ooys |  pue uedurep puE J00Us srqi{eo
aesn €1-0 WL Z1-D | -2lqnoal 11-D | Iqnoil 01-D| -3iqnoa] 6-D| PuBIRl 8-D) puBIwL (D -9qnoil 9| puewsal 0| -viqnoiL b0 wnpy €3] -siqnosy 70| pumIseL 1D
swosks jon
~U0O JOY0W puB
$071d UeuTEWw
pue j00is | Bunssy suij-uo
-dqQnoil S1-g ] uuoped pi-g
$351A5p [ONUOD soadg suswambos
s3[poly sa[npouw saprpous doof urqim spiog |. Jojsampasoxd | o3 Burp Auredh
wayshs yoago aremprey wasds Jo washs Jo | wasks Jo s9dAy | suows(e [enpia | wnon) pajuuy T sIPonpsurly 01 Butpiosos | spreog umany
fonuoopays | waeks jonuoo | woawds onuoo | sedf ussspp oremyog | sadfy wanp | uasegip 100ys ~Iput %29Yd soe]doy J0 eAnuaaad oRIqQI[BO 2)Ep PI033I Jo oBesols
~doo] ¢1-g | swpuns zig IFwn 1i-g | zeday ot-g| emBguo) 69 W31 8-d| -°iqnoil (g | uondung 9-g| puBisdl ¢-d uuopd p-g| pue s3] ¢-g | PuBie[iodz-d ldoy 1-d
sjooy samod sjuowannbas
pUEL ] pue puey suoniemal
-1AUD JJom 9Jes | 10j sampaood wowdmba | Koges [fe pue
pue ues>e| Buneiado ajes aanatoid | sjenusw Aiojes
WeuEy  p-y moljod ¢V %N -V mojjod -y
< syse], >

SIPIARIY

gopesnpy
3unopuo)

uj nedppasg

asg
aj1d pus 30D

ssapnoy
mopmomuezag

saynQq

"suolyenjeAd dusurioprad waysAs [ejo) pus ‘Juyuny so1ja13u0d ‘Gunsa) ‘uorienieaa drmeukp apnjaur 0y sy sy L “suopesado yusid Jamod [[e12A0 0) Supejal sjusHOdWIOd [01JUOI

pue uoljejudwiniysuy |8 paagnbau se uossjmuwod pue LJ13ads ‘ajeaqies Yredas Jooysa|qnoa) o) A[qe oq A NVIDINHDAL TOULNOD ANV NOLLVLNAINNYLSNI

o)




T18VIIVAY AdOO 1838
£9¢

WrOIOTVISYN
SRASNIOMY
(l
DHOMIIN
$PA pue )y SAYNIMS suopngynd sI9yes "
"9 ‘SWasAs sriado amiado | sdejasoesado |  sojow ojesado T6AS jonuo) 10y :
2! o.nw:ohn pus LTEy pue “urein pus ‘urgjurEw |pue ‘eur -0jq aje4ad( pus
m:Sni qooys| ‘liEwwW ooys | ‘[En 00ys | ‘[Eiss qooys | ‘[reiew Jooys ujsjuisiy 'l jE)sa]
-9qnai] ¢-H| -°Iqnoil -H jqnoil ¢-H 1qQnoil 7-H 1qnoiL 1-H 2
Kioyaan syred
suoneotfioads oreds 15e3910] " oa....ua...a.”.ovﬂ-.mq MV
qneqns AJuaa | poalooes syred wonbos sred PUB MI1AIL -
RIS 1D Auap ¢€-p| ordoyg z-p| oyumsy I-p
< syseJ, : > ssung




(8000p£661°A)
SIUMIBJ BLLIOSUO))
pue
weagdoag A3ojouyda],
SIS P3dueApy [00], dunpejy
L'S'V'IN
Ag paaedaag

UBIIIUYII], [013U0))

SNAADINOD ANV SANTUL TANLNA

ININJINOT ANV STOOL

$onng [euosiag
suone[9y JPWoImy)

ada00 | 3L,
k mms.au
=
‘4llul

Buug wedadsuntiSOND
pus s2uArg Supmemusyy
NOM TAVHOIN
Sy uBsag swapis pus
supuy ORI MU
LADAHOS ALIVIN

:Ag paysjwing

TBINSTTISAMA DS XIS
SNOWINILL AYVIN 3S0d
XTRUP00) IBS
NOIT3d ADVTIVM

JOTREPIO0) (PRISTY
VINMVS AL

Jopanpioo) pafayd
ADIN3d 30f

224 UOSIEY
@IO4S104d NOf Ud
g
SAFO0N N HONH A

SIALLVINASTIdTY WVIDOUd LSV

ODVAM IDA'TT0D TVOINHOIL J1LVIS SVXAL

Qo[ 9H) JO POUBULIOLIZ( U $5oUSTOIsU0)-A{BnY) dono8ld
sonunody sourmssy Ai[end Auedwop jo s8pojmory
samipqisuodsey 19hojdwig eekojdug Jo 8pojmoury
senfunyioddg jeuonednaog jo aBpsjmoury

spruj oy Jo 98enSue] [edSNNfoa] SN U 38I2AUOD

wea) € Jo yred 58 o 0) Ay

Aquomysnuy, wsudjseyd Jo 98pojmoury diseq
Hv ue euoIsssjo1g suonanusu] feqiapuaRLA puRyeidued o) Anqy
Anqy eatskyg sprundy [eorueyoIly
s|qisuodsay sampado1g/sardtjod Auedwo)) jo a8pojmotny
uoneAnopW S|[OS [euonmznfin
nust & 1 K T
uonevjuawInIIsu] oo eyt ooy a0 i heges nonid
Awovoy SIS Smupm/Aunpesy
a_mue:&oo SIS _ﬂwﬁssﬁ
i[ergoung $RMA(J uot suj a5
ods
A TIA0dd ADNALAdINOD A fuovadien oo e 81
SAANLILLV ANV SLIVH.L IOATTMONM ANV STIINS
)
E B O N N G O U S A A BE R T E O an m s



318V TIVAY Ad0J 1834

41600 ISYN

\W« w N NS SNDO

Kioyuaau
suonesnioads sued areds
aMusqns AJuas | paaadas spred wonbas sured 1589310§ pue
/PreIsdy p-q Auap ¢4 aredayg z-4 My 1-d
{001 [eroods sjo0
Suuen $IRIN0Y (s.0d) pue o1jneIpAy pue uswdmbs uoljeuLIon sBunmerp
powejasueld Sununen sondo 1aqy and | Bujpuey 159} Jo on sprepue) dink pus sured
smod uy ed | Kioges BuioB-uo | Jo sowweq pueis | peuowiad puems {eonuyoa 30j s3onorid suodasayum | sadoxd puers| gif/vs] Jo uon [Bo1LY33) suredeip| -wmp udisn
‘onrd z1-3| puany 11-g|  -1pun o1-d ~lpun 64 7N 84| yesmowy (-H| OIlwey] 97 -1apupny §-§|  -eonddy p-3 Apmig ¢-3 Yoiis 7-4 /Py 1-4
E1ep
sampasoid BIEp 19UU0SIp dUEBUUTEW elEp
s | BEeppIIjjoo wewdinbe sanuaasxd | uonmqiesssn
/AN G- |  FENEAY p-g piody ¢-g pio>y - P1029y 1-d
Josianadns J}om jo sum | qof sy uuopad qol
o) sudjqoad | soueuuoped 0y /Fgemn a0 0} sjeusew | a1 uo pannbaz
wawdmbs |  soud uonejost M sonIAn uswdmbe Buimerp
sampasoid [eusouqe wowdinbe | -oB yom seu Slooriadoad | pus susumsop
MU NLUM 9D uoday ¢-5 Auan -0 pioo) - | sumaaqg z-0| dzwedio {-D
nﬂ L2
(unoxno pasoo) wS:&E_oo
waikks joxuod BIDWBO AL ELIS R TEY 19]{0S02
10119ua8 ‘Y reondojooys wun Aejdsip $9A1RA s1zAjuue w19zAeuB lszAeue nedss nedas [eo0] nedas
nedas pue jooys -3]qnon pue OIPIA UBI[> SIA[EA OAIDS OAI28 Jooys | 121eMm NBIQI[ED g ReIqIEd pue jooys pue J00ys pue 100Ys
-2iqnoil 9¢-q WeAD se-g | PURINL be-d | AMQIED £e-d| -3Inoll ze-d | pre L (€-d| puB il o¢-d | -olqnoiL 6z-G | -oiqnoag gz-g| -eiqnory yz-g
s1uoysod SIOUIAUOD AuIWR $01A9Pp Py
[SIA[BA it pue soydds Sun jdn 10) sampaooad SIA[BA she[a1 B 1) sIouow
(or ®) jloruos | nedas aAfeA [onuoa|  3amod yoous uoneIqiA -ouuap oy | soususpnww | prousjos sed | -indwos yued oneumsud | -jnusuen ned | (23) [eso ned
snjjonuoo |- uqies pue 100y B> -3[qnon pue wnpus | -oggnuew pue aanuaasud | -o1 pue yoous | nedas pue yooys | pue wsjjoquoo| -1 puejooys | -a1 pus100ys
dunL T4 Pusial SZ-g| -dqnoil T-d | PURIRL £Z-d| wedmy zz-g AU 126 | amouqey (7€ | uuopsg 61-g | -2qroil 81-d| -2iqnas) ¢1g ounl 9i-g| -o1qnoil Si-g | -3qnoil pi-g
SI2uLojsuURn
siuswn)e fusw J3uuojsuen [enuasagip SI0jBOIpUL (aadurep)
Snsuss -a]2 Buisuas [Enua I a]qeLmA | £19p10991 sredas SI9PIOIII sIIsUEL nedas s101R3pU PALIP |ORUOD spuonisod | soyoyums sredas saYdUMS
Pley sojdas PI3Y 1u219) | 2]qELreA Teaun Jesutf jooys Pue 10048 ouq)es 2ieiqijed PUB 004§ arIgles |asnipe puiooys | pus sisdurep PpUe 100§ RIql[es
MWL €1 | Pl T1-d| qUs) (1G] 219003 OI€| -olqno1l 6-9| PueIsaL g-g| puelsal (-d| -oqnosL 9-g| pueisa) ¢-g| -signoil p-g wnlpy g-g| -signosg z-g| peisal g
Surug pue wasds
Bunsay aunj-uo|  jonuoo yooyo
uuopd §i-y|  -dooq p1-v
$301A9p [0QU0D
sonpows npows sajrpous dooj unpm Joj sampasoid
¥ooyd uRMpIEY wasds jo orem wagefs Jo | waishs o sadk | suawssge enpia SpIEOq SpIEOq FOUBUNUTEW a[npow sproq
wosks jonuod | wasks jonuod | s9dA3 wetsprp | -yos Arpowem| sedhy wangip [ waiagp 100ys -1pwn 2oya | ymiono poyuud | ynans payuud oAnuRARId /1 draqife ©jep p10031 |  ynomd payund
arpuig g-v| @ Zi-v| sedsy [1-v]| -8yuop or-v WL 6| -o1qnoil 8-v| wonaumy (-y seday oV | dleqE) ¢y UL0M3d p-V | PUB IS €V | pUR PO T-V ued) v
< syse], >

K1ojuaaug
|oguo) pus
apsjulBy

sppdY

uopeInpy
3mnupuo)

ag nedppeg

ssq
a1 pue o)

saapnoy
oA a1jusRiQ)

sanpnQ

'suopjBn{eAd 2dueuLIopiod widysAs 1830y pus ‘Bupuny Jajjosyuod ‘Guyysa) ‘uopen|eas ymeuAp opnjouf o si siy L, ‘suopesado jugjd somod 1181240 03 Sungal s)usuoduiod [01)U0d

pue uogejudwINysu| {6 pasinbai st uolssjwmmiod pus Ajads ‘3eaqi[es Uredar Yooysajqnoa) 0y fqs aq JImce NVIDINHDOAL TOYLNOD ANV NOLLVLNAWNYLSNI

Q

Aruitoxt provided by Eic:

E



04e

LTHMASVILAN

@

HLALLLSNI TVOINHDAL VLSNONV

T ITINY

(8000¥L661°A)
s1uUpIEd B1LI0SUO))
. pue
weadosg A3oj0uyday,
SHPIS pJueApy [00] dUlPEN
L'S'V'IN
Ag paaedarg

NVIDINHDAL
NOLLVLNANNYLSNI

ATIA0Ud ADNALAJINOD

[onuos §$30014 BONSNIEIG

$anoqoy

sjonuo) dg s3q1y

SWIUOY) [BUIUMUOTAUY

swaAg jonuo) panquunq
Suumosgnuey pariBau senduioy
wawdinbg Bunjpurey jeuate papwomy
suoneotjddy sndwior) pasuespy

SANTUL TANLNS ANV SNIIONOD

1azA[RIny 1978M
SRNMUSURIE
SI3ONPSURIE
sanzp uteng
»rwonxdg
wswidinbg Sunne] Liojeg
SI0JEOIpU] RIIPIODIY
s13jjonuo)) sjqeuniresdorqg
12Ajeuy Hd
Jusuidinbg Ayoyeg [euosiag
IPWMO] ] SFE
auuiojsuRl ], [BNUIYI( 9]GELIEA Teaun]
juswidinbg Sunnes] uonesLMASY]
(prepumss 1sutede pajeiqie) QB) $JOOL 549 UohEURUMASU]
Qe usumnsy|
1eg %]
§]ooL pusH
(mo}q run] ‘amssaig) sofnep
s1azhjeuy sep
wawdmbg Buumes (eownoalg
wswdinbg Bunnes) [adiq
SAU( M. PHOS DA
siedureq

doominiy *doo] o[duig ‘471 ‘Vd
sB[januoy
SIFUOIISO4/SOA[BA JONUOD
nndwoy
(Ajddng amssoid ‘WOA) siusumnsu] pajziqi[en
szkjeuy Iy
SIAL] NEIG PlIOS OV
STOOLANV INIWJINOA

Aquomisna]

onpg yiom Buong
UONBATIOIN J{3§
MONURIOSUOY) A9J8S
a|qsuodsay
Ayengpoung
jeuclssajolq

Aupqy eoekyd
Sonpg [euotiag
SEINeIN

$)[DIS [euosiaduai
&sauoy
Anpqepusdsq
suone[Y IBWoIN)
SLIVALL NV SIANLLLLY

639

My

sofTRLoUNIisy] - £PEX] UEIL
wm._.<m .rmxw._.
QMO"— QO

nfeury Lol TERUISY
AZHON HOM

SIALLVINAS I3
LIIAMSVILON

t1LL (900
W SN0V
NOSIIYVH VHSUVI

oShS:. 900
SAITIHd VTINWVd
yiriee (900
Aoupa] [OEMPANII - 0PNINY

SCIr-1LL (900
ASojoupda] [RIRMPAUOHIINT -
ADIE VT

23 wugrdsq

soniuon
IHIEAYT JINNOY

a«oI: Goc

SIALLVINISHU 4TI WVHDO0Ud ISVIN
JLNLIISNI TVOINHOAL VISNONV

03 N oF 19 ¥ ud o5}
£3010(] uonsedsu] o5

s|PiS BunumBuipeay

ass[dpopm a1 U Ajajes sonoeig

QO 91 JO OUBULIOLIDJ L $SIUSTIONSUO)-K1 [BNY) 9ondRIg
$|[D{S [euoneznredio

aprandy [eonmsopy

Bul ® wigeB[V - sIDis [eonBuaE

suonemBay K19jeg jo 93pajmoury]

sonunyoddg reuonednaog Jo 98psjmoury
sanipqisuodsay sekojdurgseakojdug jo oBpsmotry
saniAnoy sourInssy Ajpend) Auedwo)) jo 93pajmoury
sompasard/eedtjod Auedwiog jo s8pojmoury
$2.Mmpa20id uoneiqie)) jo a8pajmouy

aprif 1 Jo o8enBuB] [EONIYIAL A4 UL FRIIAUOY)
§{[M{S uoneoNUILIO

urea] 8J0 yed 58 yom 0 Ainqy

SuOnoNASY] [8qIaA/USNUM Pudyidwo) o1 Kiqy
JDAITMONI ANV STTINS DISVE

Cm
uDNW

Lk
N Tl BN OE MR G5 O G ma



318VIIVAY Ad0D 1534

cLe

+6RO1L/ZOLSYIC

w p N SNASNYSR

§j00) [e109ds sjoo)
Buuen pue oneIpAy pue uswdmbs uoljeuLIoyU Buimesp
pateja ueyd [sosmoo Sumn dwoo I Suyppuey 105 suodas 159) Jo It spIepums awdmbo pue sur@
Surmren §oq| Sunnen id |  w siedionreq | A1jes BnoB-uo | jeuomiad pues eonnyday | saonoeid ojes | feonnyosy syum | ssdoid puers | Dlp/vs] jo uon feonnoxn suesBerp|  -eip widiann
puwny €1-4] puamy Z1-4 -4 puany 01-4 -13pun) 64 2 84 amboy (4| olums] 9-4 -pupy ¢-4| -eonddy -y Apmig €-4 WS -4 /e 14
swresBmp o180 suuoj Auedwos Ppapou eep
10/pus 12ppe| uonesfgioads 1848 | Aqpannb J sampaosoxd eep P JuTEw ejep
O 9epdn pue £13p10 310M aepdnpue| 105 yuswdmba spodas a1 eeppaa|j00 awdinbs aanuaAaxd | uoneiqijesnss)
wedoy] {{-g| ordoyg o1-7 AWM 61 oredasd g-g Apoadg (-3 SIM 9] /Moy G| wEmpEal p-g pio33y ¢-3 P00y 7-4 pioy -3
#royex
Jos1azadns 10§ fokn. Jo| dnos® Buruueid sinm | qof a1 uuoysad qol
Ppapoou 0y suiajqoid | sousuuopad 03 | yum apnpayos /AyeId 110 0} sjeudjeul | aip uo pannbai
SuoRID suotpung suones J1 sampavoxd wawdmbs | 1oud uonejon PouBuAUIEW M $oNIAN nusudmbe Buimep
-do sninojey| o Bup | -do omiqeBjy| suoneogsadg uongiql e [suuouqe uswdmnbs sanuaasud | -oBsom ojBu fsjooriadord | pue musumsop
UWopad §i-g] uuopad 01-q| uuopsd 6-d Moj[0g §-Q| MIUNUM O uoday 9-q Auap §-q | swnpiood p-q|  -psoop ¢-g| suuuseg z-g| smrlio 1
PRAMIOJPeY [ SIA[EA pUR £13)
puron| -numren <97
A IPEIER AW S0P P3Y nm
siozhjoue | -op ofhum fuprys | yrews amByguoo|  Aejdstp oopia yun Aedstp saajeA s19zA[eus s1zAjeus | sizdjeue medas
se8 apmIqi{eo | -uy uawis joquos pue Ajioods snfpe pus 0IpIA URI[D SIA[BA OALIS OAL3% J0OUS | 19jeM 23RIqI[EO nB Jelqied PUB Y00YS
pue 3] 9¢-D smado gD UWBIRG pED|  APUD €6-D | PURIRL Z€-O |miquE) 16D | -a1qnoiL of-D | pue el 62-0| pueisL 82-0| -agnesl (70
XU[3T OIS
Bunndwoo sruonisod $I1919AUOD fUIWS]? $301A9P Ploy ss2001d 0 938]
STUOR[D s13][oquod /59ATRA pue ss1jdd; 8w Joj sampado1d soafeA | -21 swoyshs Sun ! I v n
nedas [eoo] nedaz sjjoruod | jonuod Aedas|  saea jonuos|  1amod j00ys uonBIqiA ojdnoo |  aoueusyuiew | prousjos nedor | -ndwtoo ymid | pue sneumoud neday
pus jooys puej00Ys aqrIqI[ed pue J00ys oRIqI[ed -ajqnon pue 191 pue | -ouusy nedss oAIuIASId pue Jo0ys |nedas pue yoous ‘&19]joRnUod Ppum 00ys
-31qnoil 92 | -2IqnoiL $2-J | PURISL pZ-D | IqnolL €2-D| pueissl zz-D| wedw 12-D|  Aeyd 02-0| pumissL 61-0 | umopsg 81-0| -eignosr ¢1-0 | -signoag 91-n sung ¢1-D| -dqnoil v1-D
prayariducymoy wsuLojIEn s “duz) p amgeasdiuzy
I ) I r n jenua1ap I0EOIPW s28ns3 (s2durep) ‘mop‘1oasj - said pue
Busuos Buisuss NRIQI[ED pUEe o[qeLres | s1op1osar nedas £19p10223 sRIsUBY nedas| pue sojeorpin 9AUP [OQUOD suonisod neda1 | woyorarssad
pieg eoejdas| piag justegip | ‘medas Yooys Jeaul] Jooys pus j00ys oIqIed srIqifed pue j00ys eagies | yenfpe pueiooys | pue suaduep PUR j00s pqled
A €1-D WL 21D | -2Iqnoil 11-D | -2qnoll 01-D| -3Iqnoaf 6-D| PpueIdL 8-D| pusIsdl (D[ -sqnoip 9-5| pueisl 5| -siqnoiL p-D wnlpy €| -olgnoiL g-5| puedl 1D
’ nusks jon
<uoo I0j0W pus
$01d ursurew
puejooys| Sumsx aurj-uo
-9jqnoil g1-g| uuoydyd pi-g
$201A9p [ONUOD soadg| suswonnbos
sa[npout sa[npow s3[npows dooj unpm spog | 1ojsampacoxd [ o0y Burp d
washs AYO aremprey weks jo wkds Jo | weehs yo sedh | quawss fenpia | wnany ponnig T K1IoNpFURI] 0y $unp spreog ynon)
[onuooxoayo | wads joquod | wnsks jonuos | sedky jusiagp aremyog | sadfuanagip | uvsapp yooys “1pu %o3Yyd oosjday] J0 EYAPUETES RIqI[ED €ep 10931 Jo aBmoys
~dooq g1-g | ownung z1-g sy 11-g | zeday gi-g | smBguo) 6-g 3L g-g] -iqnoi (g | uondung 9-g| /puBisdl §-d uuopad p-g | pueisal €-g | PUBIRI0DZ-d 1doig 19
sjooramod sjuswannbax
JuWIUo: pus puey suonemndax
-1Au3 siom 3Jes | 10§ sampaosoid wawdinba | Kajes fje pue
pue ueajd 8| Bumesado ojes aanxjoxd | sjenuew Kjo5es
WEUSN -V mofjod ¢V *N TV mojjod 1y
< syse], >

ladlinliodd

gopesnpy
3uynupoo)

uj aedpeg

eeq
a4 pusajjod

Kyapug
e <

sapn(q

‘saoneN{BAa duBULIoMAd WaysAS [8)0) pus ‘Fujun) Ja[jaiIuod ‘Supsa) ‘Uonen|EAS djWEULD IpN[U] 0) 5] SIG], ‘suopetado jueld aamod [[81240 0) Bupejal syudnOdUIOd [OI)UOD

pue uoljBjuIWNIISUL [[8 patinbau se uolssiuiwod pue AJpads ‘ageaqifes Ujedau ‘Jooysaiqnoa) 03 a[qe aq WA NVIDINHDAL TOULNOD ANV NOLLVLNAWNYLSNI

ok




‘. 18V 1IVAY AJOD 1534 £L3
ble -

RS SN

DICAPN
SARH|  Thie| " omie| shomreado| scioumemends .
1 omiado 9 o B[21 9} o | 10101 9ytado “sAg jo.guo)) 403
M pun i | pun e | e i ane o] H
jesui qooys | ‘IFEISU q00ys | jewut qooys | frewsur qooys | ‘yeisur ooys ayRouy l{essu]
-qnoil ¢-H| -°Iqnol] v-H | -siqnroil e-H | -eiqnoil Z-H| -olqnoil |-H
Kioyuoaw syred mU
suonesiioads oxeds y582210)
nsqns AJusa | poateoas syred wanbei syred PUB MILADI _o..u_.nuﬂu_uuﬂ.-
13y D Auop ¢-p| omdid z-p| ouma |-p
< syseJ, > sanng
OB
O—H
i

S Ak O G O I S R AN an B A G EE R T am e



318V TIVAY AJ0D 1534

L2

A TAVHS

HLALILSNI TVODINHOAL VLSNDNV

| «:ﬂ“&g |

(8000¥r661°A)
SIdu)IBd BLIO0SUO))
pue
weadoag £3ojouyda],
SHMS P3aduBApy [00], dulydeA
L'SVIN ,
Aq paedaig

NVIDINHDYL
NOILVLNANNALSNI

HTIHO0Ud ADNALAIINOD

L
B

|0RUOD $63201 (BINSIIEIS

oneqoy

sjonuod ndo 1914

SLUIOUOD) [BIUIWUIORAUT

swajAg [onuo) panquistq
Sumyogjnuely paresBalu] sainduion
wawdinbg Sinfpurey [eusiEl paEwony
suonesijddy 1sndwo) peoureapy

SANIAL RANLNA ANV SNTIDNOD

s19zA[euy 1908p
sIoNnustrel]
SINpsuRL]
sofnep ureng
pwonxdg
wowdmbyg Suures), Kojeg
ﬂ—ouﬂummz:\r_o_vuooo&
s19]jonuo)) ?[qeunuesBory
124Uy Hd
wawdinbg Liojeg feuosiag
12300 sSR
1ounojsURl], {BAUAIPIQ FQELIBA JeoUN]
dinbg Burures] uony neuy
(prepuws yurede pajeiqijeD qur]) 500y 5Y405] UonejuawMnE]
qe] usumnsuy
e 99]
§[oo], pueH
(moy4 qun- ‘amssany) se8nep
I9ZAEUY sBD
wowdinbg Sunrres] feotnosig
wawdmbg funuer) mAg
saALg aing plios O
sndureq

doominiy ‘doo] ofuns ‘41 ‘Vd
B)joRuo)
SIJUOTIISOJ/SOAEA [OQUO))
anndwoy
(£1ddng amssa1d ‘WOA) nusumnsuy pareiqied
wazdjeuy ny
AU NS PIOS OV
STOOL ANV INTNJINOI

Aquomystu],

anpg »popm Buong
UOTIBANOIN J 19§
snonuatosuo) K1djeg
s|qsuodsoy
Aupergoung
[euolessjold

Ainqy resisdyd
Sy puotiad
SSIWBIN

SHfS peuossadiayu]
Asauoy
Aipqepuadag
suonejRY Hwosny
SLIVIL ANV STANLLLLY

GL3S

IV

UONTLRUINGSY] - 13pe] Wea),
AZSQ0D 0OTHO
s)aads Ry,
SANO! TIN
nandg arjg
AYLNAD NIMO

SIALLVINISRIJIY
ATIVIS

uﬁ.ﬂ: ©o1)
SUNODY
NOSITYVH VHSYVIA

060144 (901)
Do
SAITIHd VIINVd
Yol 1LL (501)
Boupa), OMEROIVIY - WPRLSY
YIAI WTAd

8E1Y-1LL (900)
RBojoupa], AMPAVOIDIL * pray waunsrdaq
A0IT WVITIIM
060Y-1LL (501)
JOJEPIOO) IUS
13GAVT FINNOY

6800-11L (90L)
JORISAIUPY IS
YIAVIM WU 4G

SIALLVINIAS A4 WVHOOUd ISVIN
JLNLLISNI TVOINHO3 L V1SNONV

$301A3(] JUSLLIMSBI] STUONOI|H % ONBUMIL] 5]
$201a3(] uonsodsuy 951

SIDIS Bunup Autpesy

oorjdpiom i Ut Ajojeg sonosid

QOf 33 JO PUBULIOHI] U §5USNOLOSUO- KIend) 90181
§{DiS feuonezuedio

sprandy Jeorusyoojy

Buy @ riged[y - s|D{S [EonTWLEN

suong[niay Aojes Jo o3psjmouy

sanunpoddq [euonednaog Jo opejmotry
sanIiqisuodsay 104hojdurgseefojding jo oBpajmoury
snIANdY vV Auend) Auedwiod jo o8pajmouy]
$2mpaoco1gsatatjod Auedwo) jo eBpajmouy
§2Mpa2014 UOTIRIGI[E] JO 98pajmotny

apri} 21y Jo sBenBue [BOTUNII] AP UI SRIVAUDY)
§{[Dj§ UoyesTUNUNICY)

wed] 8o Wed 58 op 01 ANqy

SUOTPANSU] |BqUAMUM Pudtjardiio) 03 Ainqy
IOAITMONMN ANV STTINS DISvE

Of




378V UVAY Ad09J 1534

£

L

S4r01ITOISY

L R

sjoo) jerxads sjooy
Suinen pue onnespAy pue wawdmbo uoljeULIORR Bumerp
pareal jued |sssmos unnen di | Sunppuey 103 suodas 159) jJo 9sn Sprepues wswdinbs pue sured
Bunnen god| Sumnen 9| W sedionrey | Aojes Bwno8-uo | yeuomssd pums [eoruya9y | saonorid ojes | [eonnoe) um sdosd pueis | Ojyp/vs] jo uon eonny>a suriBap -&ip widanu
puduy gl-4| puany Zi-4 14 puYy 01-4 -1Ppun 64 N 8-4 amboy (-4| ojumry 94 -1opupy §-4|  -eonddy p-4 Apmig -4 YRS -4 Pey -4
sureseip orfoj suuoj Aueduios popaou BEp
Jo/pus 1appe| uonsotpicads | swatsks jonuod Agpannbas| p smpesosd nep P ! nep
$O'1d aepdn pue £I9pI0 YIoM sepdn pue| oy wawdinbs suodas aslaal|  EEp Pa1dafj0d wswdinba aanjuaaaid | uoneaqiieansy
weBoyg 1j-g| omdeig o1-3 AUM 61 ardayg 8-3 Aads (-3 WM 9-F| /Moy ¢-F| AenEag p-g pioxdy €4 pa039y T4 P03y -3
#royes
Jos1a19dns 10§ x._oi_ jo | dnoB Sunnreid siun | qof sy uuopsad qof
popaou oy swaiqoid | asueunopsd 0) | yiwm onpatos /Ay Iapo 0} s[eusiew | 91y uo pannbas
sucHEL suorpun g suonjaz J1 sampaood wawdinbo | od uonejort 1 Yum sonian [ puswdinba s2ulmesp
-dg mpoep | o1 BuL| o oriqaly mesioadg uoneugired peunouqa [ quawdmbo aanuaaaid | 38 ypom ajeu | gsjooysadosd | pus muaumoop
uuopad [[-Q| uuopad o1-gf uwuopad 6-Q Moj[od - | MUNUM (-0 voday 9-q AuoA g-q | awnpioo) p-q|  -1pi00) ¢-q | sunumsieg z-a| e 1-q
PRAIOIpR | SIA[EA PUR D)
pmon| -nusumn o1
&5 ‘apeos Waw | *s901A9p PIeg pum
&19zAjeue | -ap sfumBupnp | wews amBguoo | Aejdsip oopia wun Aepdsp SIA[RA 19z [eus wozdpeus | wozdjeue gedas
se8 sjruqties | -u muamihe joxuos pue AJiveds wnipe pus 09pLA UBS|d SIA[BA OALIS OAIS J00Ys | 1912M rIqI[ed e 9RIQIEd PpuB J00Ys
PU®ISAL 9¢-D smido s¢-p| uBiwg pe-D|  ¥PYO €6-0| Pwe AL ze-D |Mmqued (€] -swanoil o¢-0 | pre .ﬂm_._d 62-D| PUBIS3L 8Z-D| -d|qnoil (Z-D
n;_uu TIO0S
Smndwoo stsuonisod S19UAUOD suawa[ $291A9p pJoy ssa001d 0) 938]
oruon?}d s13j{oquod /89A18A : pue sadd Sun 10j sampaooid saajea | - swass B J1u0gII? s1iwsuen
nedas [evo] edas sifjoquod [ [onuod meda 9A{BA [ORUOD 1amod j00ys uonBIGIA ajdnoo Y plousjos mredas dwoo yeid | pue onsumaud aedas
puE 100Ys pue 100Ys RIqIED PUE 100Ys 9)RIqy[BD -3|qnon pue 159) pue | -ouuap medas aAnuad pue jooys | medas pum 100ys £19][OQUOd pue jooys
-21qnoil 9Z-3 | -3Iqroil §7-0 | PR WAL $Z-O| -AIgnol] €2-0| Puedy zz-D| wedsyy 12-0 A¥UD 02-0 ] PuBiIsdl 61-0 | uuopag 8- | -viqnoil (i-D ] -slqnosg 91-D dunl §1-0| -2gnoil v1-3
P saddimmog SIuULojsUBY ‘ms dusy @
susu[e ~SJUAWI[D slopnusuen {enuaLIp SI0IBITPAN sa8ned (sodurep) ‘Mmop‘[9ae)“saud
Sur 2w i[eo pue 9]qBLIBA | 113pI0031 nedas $19p30091 sIIPnusURn nedas| pus siojeoip AP [OQUOD sisuonisod nedas
pleg ooridas | pjag wuasopp | “medasqooys | resunjjooys PUB 10015 ks L ojRIqI[ed U J00Us ariqifes | ynfpe pue jooys | pue miadurep pure jooys
A €1-D ¥ 21D | -2ignosl 11:D ] -91qnoi] 01-0) -dignosl 60| Ppueiwl g-O| pueisl (-D| -oiqnos 9-D| puewsy ¢-n| -ognoag p-p wofpy €| -sjgqnosg z-D
swaysds jon
~109 J070W puB
$O1d ureuTBw
puBjo0ys| Bumssy sutj-uo
-|qnoil S1-g| uuold vi-d
$301A3P [OQUOD saadg sjuswarmbas
s3[npow sojnpows sojnpows dooj unpum sprog | sojsampacosd | oy Bunp Auediioo
washs pECVE] SIRMpIRY wayshs Jo waeds jo | wasks jo sodky | muowape fenpta | yinany pajuug 1 s190mpsuRl] 0} Bump spreog unon)
[01u00 39Yd | wasds jonuod | wnshs jonuos | sodK wueiopip oremyos | sodKyjuangp| qusssgip 100ys 1P YOIy 9o8jday Jo aAnjuaAaxd RIqIE ©JEP PIOOAU Jo 981038
-dooq g1-g | siepung zi-@ e 11-d qeday 019 amiguo) 6-g W31 8-d] -eiqnoil (g | uondungd 9-g| ,puB Rl S-H Uuopd -g | pue sl g-g | PUB (0D 0 1adoyy [-g
§]00) 1amod fuswonnbas
JUIUIOI pue puwy fsuonem3as
“1AU2 JJoM ofes |  10j sa.mpasoid wawdmbe | Aajes |8 pue
pue uesd 8| Bumesado ayes sanoojoxd | spenuew Lioges
ureueN v mofjod ¢V %N TV moflogd 1y
e syse], >

SIPANIY

uopesnpy
3unupuo)

uj edppey

wieq
314 pue a0

saynQq

‘suonyen|ead dusnLIofIad WaysAs [8)0) pus ‘Bujun) Ja]joryued ‘3urysa) ‘wopEN|EA3 jWIBULD IPN[IT] 0} 5] sjy), ‘suoneiadojuejd Jomod J[BaA0 0) Bunejau s)usuodwiod josyuod

pue wohejudWInIIsU] [|B pasnbad se uojssymurod puk £J1ads ‘ayeaqijes Uredas Jooysajqnol) o) Iqe Iq 1 *NVIDINHOAL TOYLNOD ANV NOLLVLNAIWNULSNI

4
el ad

o)




643

SHONAWISYA
THESKITNS

“$Ag jonuo)) 10y

-ojq NesadQ pus

ugEyajEly ‘| |BIsuU]
ooqs3jqnoay,

K10juaau]
lopuo) pus

OHOMIN
$pQ pue SYoms suopngqysnd N 31
91 ‘SWI)sAs swuado omiado | sAeparojeisdo | 1010w 93m13do
poldemndt | pue wamm | pue wewrew | pus s |pus we

“jEsui qooys | ‘MW Jooys | ‘e ooys | ‘jeien qooys | ‘jrewur Yooys
-9jqnoil ¢-H -dqnoll p-H | -2qnoil ¢-H -o|qnoil Z-H| -dIqno1l -4
Kioyuoaw syred

suonesIoads oreds 1580910)

nsqns Ajuaa | p 1 syred bos nred pUB Mataal

Mpressdy p-p Auop ¢-p| oredag zop| orumsq 1o
< Syse ], >

ugsupely

sanng




APPENDIX B - PILOT PROGRAM NARRATIVE

What follows is a narrative of the pilot program which was conducted for this particular
occupational specialty.
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September 16, 1996

Mr. Wallace Pelton

Site Coordinator

Texas State Technical College
3801 Campus Drive

Waco, TX 76705

Dear Wallace:

Every effort was and is being made to fulfill the expectations of the Machine Tool Advanced
Skills Technology (MAST) Program with respect to the pilot program. After reviwing the
parameters needed to meet the requirements for the MAST prgram, the following areas were
addressed: 1) need of conducting a year pilot program during the school year 1995-1996; 2) need
of using two pilot programs at this partnering location; and 3) need for 25 students. The original
expectation from Augusta Technical Institute was to conduct industrial assessment, curriculum
development, pilot program, student assessment and project deliverables in CADD and CNC
technical specialty area. However, after consulting with related curriculum areas at Tech here,
local industry, and other MAST partners, it was decided to change our emphasis at Augusta
Technical Institute to the Instrumentation and Industrial Maintenance Mechanic technical
specialty areas.

We have spent many hours conducting the initial phases of the project for the CNC and CADD
technical specialty areas. This change caused us to start the five-step process for Instrumentation
and Industrial Maintenance Mechanic this year. This resulted in insufficient time to conduct a
high quality pilot program with 25 students for one year (between 1995 and 1996) in
Instrumentation and Industrial Maintenance Mechanic specialty areas.

Plans have been implemented to conduct the pilot program during the 1996-1997 school year.
Recruiting has begun. The pilot program will be conducted in both Instrumentation and Industrial
Maintenance Mechanic curriculum areas. The $6,000 scholarship from MAST will be distributed
with $3,000 distributed among 15 Instrumentation students and $3,000 distributed among 15
Industrial Maintenance Mechanic students. Students are applying for the MAST pilot programs
now. Industrial assessment and industrial validation have taken place for both Instrumentation
and Industrial Maintenance Mechanic areas. Curriculum development is actively under way.
Student assessment is written and planned with great care. Project deliverables are being
prepared. There is a lot of enthusiasm about the two pilot programs. Augusta Technical Institute
is excited about these ventures.

Industrial Maintenance Mechanic is a one-year diploma program; and the pilot program will cover
the entire year. The Instrumentation program is a two-year associate degree program. Our
emphcais for the pilot program for the Instrumentation curriculum will be on the second year
students with a GPA of 2.5 or higher.



Enclosed are an information sheet and application for both the instrumentation and Industrial

Maintenance Mechanic pilot programs. Please feel free to call me if you require further
information.

Sincerely,

Ronnie Lambert
MAST Site Coordinator - Augusta Technical Institute



MAST Program
INSTRUMENTATION TECHNICIAN

The Machine Tool Advanced Skills Technology (MAST) Program, a U.S. Department of
Education sponsored grant funded through the Office of Vocational and Adult Education (award
#V199J40008) includes funds for student scholarships. The money will be available for tuition,
fees, and books for students. Students applying for scholarships will need to meet our normal
entrance requirements as outlined in the Augusta Technical Institute (ATI) catalog. As part of the
terms of the scholarship, achievements of each student will be followed as they progress through
the curriculum and into the workplace.

We can fund 15 student sin Industrial Maintenance Mechanic and 15 students in Instrumentation
Technology. The monetary amount available for each curriculum is $3,000 to be distributed

among 15 students. The funds need to be distributed evenly among the 15 students from each
curriculum.
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MAST Program Application
INSTRUMENTATION TECHNICIAN

Please complete all requested information.

Name
(Last) (First)
Address
City
State 5. Zip Code
Sex: Male Female
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For more information:

MAST Program Director
Texas State Technical College
3801 Campus Drive

Waco, TX 76705

(817) 867-4849

FAX (817) 867-3380
1-800-792-8784
http://machinetool.tstc.edu
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