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1LAB
IMULINK

MATLAB is a programming environment for

algorithm development, data analysis,
visualization, and numeric computation.

Simulink is a graphical environment for designing,

simulating, and testing systems.

100 add-on products for specialized tasks.

Simulink

- MATLAB
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FREE COURSES (1-3 hours)

Self-paced courses o
Simulink Onramp
Machine Learning Onramp
Deep Learning Onramp
Reinforcement Learning Onramp
‘ MathWorksw Products Solutions Academia Support Community Events Company |mage Procegging Onramp
MATLAB Academy Q Signal Processing Onramp
, Simscape Onramp
Stateflow Onramp
Control Design Onramp with Simulink
Optimization Onramp

FOCUSED COURSES
FOUNDATIONAL COURSES (17-21 hours)
MATLAB Fundamentals
MATLAB Programming Techniques
MATLAB for Financial Applications
MATLAB for Data Processing and Visualization

Image Processing with MATLAB
Machine Learning with MATLAB

Learn MATLAB for Free Deep Learning with MATLAB
COMPUTATIONAL MATH COURSES (2-3 hours)

Introduction to Linear Algebra
Solving Ordinary Differential Equations

. . . Introduction to Statistical Methods
https://www.mathworks.com/academia/targeted/online-learning.html

https://matlabacademy.mathworks.com/ Solving Non-Linear Equations
Introduction to Symbolic Math 4



https://www.mathworks.com/academia/targeted/online-learning.html
https://matlabacademy.mathworks.com/
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Bortfall av kylning i en tankreaktor

Visa alla sidor

4\ MathWorks

o @ & Q oneplus 9 price -2

63 Studentens vy

© Publicerad % Redigera

Bortfall av kylning i en tankreaktor a¢

Kylning i non-adiabatisk tankreaktor forsvinner efter 6 minuter. Du har nu en méjlighet att justera

volymsflodet sa att reaktorn inte skenar, Vad gor du?

Continuous Stirred-Tank Reactor That Loses Cooling
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Using Virtual Labs to Teach Reaction Engineering at Lund University
5


https://www.mathworks.com/company/newsletters/articles/using-virtual-labs-to-teach-reaction-engineering.html
https://www.mathworks.com/discovery/matlab-apps.html
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Interactive programming with Live Editor

(=] Live Editor - Untitled10.m [ -]
LIVE EDTOR W EL S e )
G g B wx RLILE [ ] T WS Features
P wisoto | % % Code Text Section e T
- v - Epm{ “th - | Fﬁ“ Break E‘m Normal Heading Title Al Section v
FILE NAVIGATE FORMAT INSERT TEXT STYLE RUN

I

e TJeach with interactive documents

« Accelerate exploratory
programming

 (reate an interactive narrative

e Publish consistent reports

| SolarAnalysis.mix | FuelEconomy.mlx* | Untitled10.mix |+ |

www.mathworks.com/products/matlab/live-editor.html
https://www.mathworks.com/products/matlab/live-script-gallery.html



http://www.mathworks.com/products/matlab/live-editor.html
https://www.mathworks.com/products/matlab/live-script-gallery.html
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MATLAB Grader for automatically grading MATLAB code
in any learning environment

Your Script (' Reset BB MATLAB Documentation “ MATLAB Grader
The approach enables

Introduction to Programming:

.
i % Group by day of year. Then find the average low temperature St u d e nts to I e a r n m O re q u I C k | y Collection of 111 problems on intraductory programming using MATLAB

5 % for each day of the year and the standard deviation of the
6 % temperature for that day. + Intended for use in Introduction to Programming courses and courses that require prerequisite knowledge of

7 gbays = findgroups(day(BostonTemps.Date, ‘dayofyear')); fro m t h e i r m ista ke S O n t h e i r introductory programming concepts.

8 avgTmin = splitapply(@mean, BostonTemps.Tmin, gDays); Problems draw from a variety of applications including physics, engineering, and finance, but do not require
9 stdTmin = splitapply(@std, BostonTemps.Tmin, gDays);

1 % Load the data. Every day from 1900 - 2017.
2 BostonTemps = readtable('BostonDailyHighLowTemps.x1lsx"');

” prerequisite knowledge in these fields
10 . . A X . O W n N + Concepts covered: Introduction to variables and data types, Matrices & Operators, Input/Output, Flow
11 % Find the number of days in each year where Tmin < avgTmin - stdTmin Control and Loops, Functions, and Graphing
12
13 Prerequisites:

+ Problems assume prerequisite mathematics knowledge up to and including pre-calculus.

+ No prior computer programming experience is required.

— Dr. Bob Canfield, Virginia Tech e meos

Collection of 10 problems on concepts taught in courses on numerical methods

Assessment: 80%

«+ Intended for use in Numerical Methods and Analysis courses. The problems can also be used in courses
that require corequisite knowledge of numerical methods

‘ @ Is cross-sectional area correct? 10% (10%) ‘ + Concepts covered: modeling, computers and error analysis, equation solving, linear algebraic functions,
J curve fitting/approximation, numerical quadrature, numerical differentiation, and ordinary differential
1 equations
@ Is the Modulus of Elasticity correct? 30% (30%)
Prerequisites:
1 - Problems assume prerequisite knowledge of calculus, linear algebra, and differential equations
‘ ° Is yield Strength calculated correctly? 30% (30%) ‘ + Beginner-level programming experience is recommended, which can be achieved by taking MATLAB
‘ @ Is ultimate strength correct? 10% (10%) ‘
@ Is fracture strength correct? 0% (20%)

Variable fracture has an incorrect value.

Verify that:

= strain data starts at 0 mm/mm, and stress starts at 0 Pa. Correct the raw data if necessary.
= fracture is assigned a stress value with units of Pa

Total: 80% (100%)

https://www.mathworks.com/products/matlab-grader.html
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Resources for Chemical Engineering Courses with MATLAB

Reaction Kinetics

‘MathWorks* Products ~ Solutions ~ Academia  Support Community Events

MATLAB Central ~  Files  Authors = My File Exchange v Contribute  About

ANNOUNCEWMENT
Enter Cody Contest 2020. Win prizes!

Solve coding problems. Improve MATLAB skills. Have fun. See details and register

Chemical Kinetics with MATLAB
version 1.0.0.0 (187 KB) by Balaji

This interactive MATLAB document covers concepts relating to chemical kinetics and reaction rates.

Overview Examples

This interactive MATLAB document covers concepts relating to chemical kinetics and reaction rates. This module covers concepts that are typically a part of courses on General Chemistry.

Specifically, it would address the following questions:

- How are chemical reactions represented mathematically using differential equations?

- How can | use MATLAB to compute symbolic solutions to these representations?

- How can | use MATLAB to compute numerical solutions to these representations?

- How can | use MATLAB to import and evaluate experimental data to estimate reaction parameters?
- How can | use MATLAB to document and publish my solutions and conclusions?

Fluid Dynamics

Three Constant Head Tanks

This example shows a classical problem of fluid transportation: to determine flc
pipelines combined together in a common node located at 50 meters with resp:
values.

The pipelines are simulated with the Segmented Pipe LP block, which account:

Model
Pipe Tank 1
100m - 50m
Pipe Tank 2
50m - 70m
G/’ . Pipe Tank 3
50m - 30m

Water Properties

4\ MathWorks

Process Design

is Solwtions Academa Support Communfy Events

Documentation  E:

Design and Cosimulate Control of High-Fidelity Distillation Tower with Aspen Plus Dynamics

in MATLAB for & high-fise

Fsuanon

model bult in Aspen Pius Dynamics®

- rougn cosimulats
Aspan Phu

Distillation Tower
y

. toluene. and xylenes (rope:

Gistilation tower uses 25 ideal stages o separate a mixure of benz aion process is continuous. The squipment incudes a rebol

er and a total cal

Coolant

Condenser

)
Reflux Drum

e 13
Reflux Distillate
——kx—Steam

Bottoms

Heat Transfer

@ MathWorks®  products Soutions Academia Support Communty  Events

Help Center

Structural Mechanics

Hoat Transfer

retics

Documentation  Examples  Functions  Apps  Vidsos  Answe

Heat Transfer

jominant heat transfer problems with co

on occurring at boundaries

Address challenges with thermal management by anaiyzing the lemperature distributions of components based 0n materdal properties. exterr
Atypical programmatic workflow for solving a heat ransfer problem includes the following steps:
Croate a spacial thermal model container for a steady-state o ransient thermal model

Define 2-D o 3-D geomelry and mesh i

Assign thermal properties of the matesial, such as thermal conductivity & specific heat c, and mass density »

Spocity intermal heat sources © within the geomelry
Spacify temparatures on the boundaries or haat fuxes through the boundaries. For convective heat ot through the boundary Aic(T — T
the ambint temperature T,,. emissivity «. and Stefan-Bokzmann constant a

Set an intial temperature or infial gue

Salve and plot results. such as the resuling temperatures, temperature radients. heat fuxes. and heat rates

Temperature at Time 50

n
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Teaching Data Science to Chemical Engineers

Imperial College
London

Employing Machine Learning to Correlate Fluid Properties
Classroom Examples with MATLAB

Fluid ‘Propertj Correlation

Erich A. Muller

Department of Chemical Engineering
Imperial College London U.K.

https://www.mathworks.com/academia/courseware/teaching-data-science-with-matlab.html
https://www.mathworks.com/videos/employing-machine-learning-to-correlate-fluid-properties-1622032109572.html
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MATLAB and Simulink for Process Control in Industry
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Customer Example: TATA Steel optimizes cooling tower

operation via MPC on digital twin

Challenge
* High energy consumption in cooling tower

* Changing weather conditions caused substantial variation
in operation

Solution

« Mass and energy balance equations modeled in MATLAB
* Model optimized and parameters calibrated with plant data
 MPC controller implemented

Results

= Savings of $40K per year for one CT
= Variation in outlet water temperature reduced
= Hundreds of tons of CO, reduction per year

http://www.digitalcreed.in/tata-steel/
Link to TATA Steel’s talk

T {0

223

Water cooling tower for the blast furnace

25

Tout@n=3
******** Tout@n=4

~ Tout@n=5
------- Tout@n=6
Tout@n=7

24

22

T v T T T 2
04 0.6 0.8 1.0
Efficiency

Effect of Murphree efficiency on number of stages

4\ MathWorks
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https://www.matlabexpo.com/content/dam/mathworks/mathworks-dot-com/images/events/matlabexpo/in/2018/a-systematic-control-approach-to-improve-the-energy-efficiency-of-an-industrial-cooling-tower.pdf
http://www.digitalcreed.in/tata-steel/
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Customer Example: Company Eliminates Environmental

Impact of Discharged Wastewater with pH Control System

Challenge

= To control pH levels in a wastewater treatment
facility that was performing inconsistently

= No programming experience

Solution
= Model plant in Sys Id Toolbox using process data

= Use Control System Toolbox to develop a controller
to find best parameter settings graphically

= Implemented on Yokogawa DCS

Results
= Acceptable pH levels rose to 100% from 84%
= Controller performance improved
= Development streamlined in just 3 months

Main Control Panel

“Using Model-Based Design with MATLAB and Simulink
enabled us to quickly try out multiple control strategies and
validate the system before putting it into operation. This

approach saved us time and ensured a better product.”
- Process Engineer

14
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Customer Example: Genentech Builds a Supervisory Control
Algorithm Development Platform for Bioreactors

Challenge

Accelerate the development of control algorithms for microbial
fermentations

Solution

Use MATLAB and OPC Toolbox to develop a continuous-uptime
supervisory control platform that enables rapid development,

debugging, and verification of algorithms A Genentech microbial pilot plant bioreactor
Results “By partnering with MathWorks Consulting, we developed a
= Algorithm development time cut from months robust platform for supervisory control with MATLAB and
to weeks transitioned our pilot plant to a modern automation control
= Flexible, reliable infrastructure deployed system. This enabled our researchers to rapidly take
= Potential errors identified in minutes algorithms from idea to implementation, simulation, and
deployment.”

Dr. Ryan Hamilton
Genentech

Link to user story 15



http://www.mathworks.com/company/user_stories/genentech-uses-matlab-and-opc-toolbox-to-build-a-supervisory-control-algorithm-development-platform-for-bioreactors.html?by=company
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Import Aspen Dynamics and g°PROMS models into Simulink to
develop your control strategy

Aspen Plus
Dynamic Simulation
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https://www.psenterprise.com/products/gproms/objects/gomatlab

Simulink is the preferred platform for APC

IGCC - Current scenario

IGCC Power plants in US

« Wabash River Power Station, West Terre
Haute, IN

+ Polk Power Station, Tampa, FL (350 MW)
* Pinon Rine, Reno, NV (failed)

Obstacles
+ High cost (without carbon regulation)

+ Political — Recent emerging IGCC emission
controversy

+ Supreme court decision requiring
Environment Protection Agency to regulate
carbon

Link to Slides

Wabash

in Aspen Plus

[ IGCC Base Case

| Modify base case ]

Separate Sub-sections ]

[ Prepare for export J

K

. Process.bkp

to Aspen Dynamics

—— Simulation ____

Export
Simulation

Add simple inventory
control PID loops

TS
i ¢
¥
pee -
.
‘
|

[

Identify relevant
inputs-outputs

Interface w/
MATLAB/Simulink

Implement
control
strategies

4\ MathWorks

Plant-wide IGCC Simulation
} Aspen Plus to Aspen Dynamics to MATLAB

PLANT-WIDE
( Interconnect ]

sub-sections

Decentralized
plant-wide MPC

and MMPC

5

i MATLAB ==
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https://www.scribd.com/document/101540390/Mahapatra-ucr08-MPC-of-IGCC-Power-Plants-v2
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Customer Example: Tupras implements Control Loop
Performance Assessment Solution in MATLAB

W T oo Mowe Brw Bro Bios S o T

Al Loops

Challenge

« Control loop performance deteriorates with time

» 5900 control loops spread across 4 refineries

* Expensive and non customizable enterprise software

Solution

» Use a variety of signal processing techniques — spectral Controller health monitoring system dashboard
analysis, correlation analysis, pattern recognition,

nonlinearity analysis, etc to diagnose the controller problems
based on unique digital ‘signatures’

‘MATLAB saved us a significant amount of
time and expense by enabling us to develop

Results our own software in-house. It also enabled us
= $12-20 Million annual savings to save millions of dollars in costs that would
= Analysis automated, customized and simplified through in- have resulted from poor controller

house solution

) _ performance.”
= Savings of 250 man days annually for control engineers

- Mehmet Yagci, Tlipras 18

Link to user story



https://www.mathworks.com/company/user_stories/tupras-saves-millions-of-dollars-annually-with-automated-control-loop-performance-monitoring.html
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Sign up for capstone project — ‘Monitoring and control of a
bioreactor’

=  Motivation & Benefits

— Help transition pharmaceutical manufacturing to Industry 4.0 through
application of APC

— Learn about real industrial challenges
— Learn MATLAB and Simulink

- Capstone Project on Github
— Modeling a penicillin bioreactor
— Analyze industrial ‘big data’ set (2.5 GB)
— ldentify CPPs
— Develop control strategy

Source

19


https://github.com/mathworks/MathWorks-Excellence-in-Innovation/tree/main/projects/Monitoring%20and%20Control%20of%20Bioreactor%20for%20Pharmaceutical%20Production
https://upload.wikimedia.org/wikipedia/commons/b/b1/Bioreaktor_quer2.jpg
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etting Help

MATLAB for Academia Help Center

“\Malh\“\f’nrks Products  Solulions  Academia  Support  Gommunity  Evenls

4\ MathWorks Products ~ Solutions Academia Support Community Events Q lp Center chemical engineering
Docur Examples ns  Blocks Answer:
Academ g ;

FILTEREDBY  Examples x  Remove Al

MATLAI

ForStudents  For Educators ~ For Researchers

Results 1 -90f9

Resource

e , Chemical Process Fault Detection Using Deep Learning o
cumentatior 9 el
This example shows how to use simulation data to train a neural network that can detect faults in a chemical process #
Documentation | Deep Learning Toolbox | Deep Leaming with Time Series, Sequences, and Text
+ Examples 3
s Chemical Process Fault Detection Using Deep Learning o=
Use simulation data to train a neural network than can detect faults in a chemical process. 4

Predictive Maintenance Toolbox /| Detect and Predict Faults | Detect and Diagnose Faults

Teach and Learn with MATLAB and Simulink o ;

et Economic MPC Control of Ethylene Oxide Production

. conomic model predictive control designs for input rate-of-change constraint handling and guaranteed economic performance " Computers and Chemical Engineering Vol 92 2016,
LT b pp 18-36. Related Topics
Documentation /| Model Predictive Contral Toolbox / Nonlinear MPC Design

The tools used at more than 6500 universities worldwide.

Gaussian Models
science and engineering. For example, Gaussian paaks can describa line emission spacira and chemical concentration assays Fit Gaussian Models Inferactively Open the Curve Fitting app by entering cftool

Documentation / Curve Fiting Toolbox / Linear and Monlinear Regression

MATLAB Central Customer Success Team

e Curriculum Support
An open exchange for the MATLAB and Simulink user community ° ResearCh Support
* Awareness Resources

A place where you can get answers, challenge yourself and others, and share your knowledge.
Tap into the knowledge and experience of over 100,000 community members and MathWorks employees.

Play Explore loT Data

CONTRIBUTORS ANSWERS PER DAY DOWNLOADS PER DAY SOLVERS PER DAY

525,000 120 25,000 730
21




4\ MathWorks

MATLAB and Simulink Events 2021 AIChE Annual Meeting

&MathWorks' Products  Solutions Academia Support Community Events @ HH
MATLAB and Simulink Events

+ Integrating Data Science to Chemical Engineering
Curriculum Using MATLAB

« Teaching Hands-on Process Control Courses with
Arduino Based TCLab, MATLAB and Simulink

On-Demand Conferences

Webinars

Upcoming Live
Events

Training

View upcoming and on- Discover live, online, self-

3 5 % ! demand conferences and paced, or instructor-led M H f A 1 M | | H h M AT LA B G h
and ariie ks g o e presentations by MatWorks * Prediction of Atoms in Molecules wit rap
online seminars, tradeshows, Sxperand customess » Discover M .

» Do D Convolutional Network

» Discover

 Parallel and GPU Computing with MATLAB and Simulink
for Chemical Engineering

- \ 4
PO

May 4-5 | Online

View proceedings

https://www.mathworks.com/company/events.html https://aiche.confex.com/aiche/2021/meetingapp.cqi/ModuleProgramBook/0

22


https://www.mathworks.com/company/events.html
https://aiche.confex.com/aiche/2021/meetingapp.cgi/Paper/626781
https://aiche.confex.com/aiche/2021/meetingapp.cgi/Paper/626782
https://aiche.confex.com/aiche/2021/meetingapp.cgi/Paper/626780
https://aiche.confex.com/aiche/2021/meetingapp.cgi/Paper/626776
https://aiche.confex.com/aiche/2021/meetingapp.cgi/ModuleProgramBook/0

Resources

MathWorks - Academia

4\ MathWorks

MATLAB and Simulink for the Chemicals and Petrochemicals Industry

Fluid Dynamics
= Simscape Fluids
=  Three Constant Head Tanks Documentation Example

= Hydraulic Resistive Tube Documentation Example

Reaction Kinetics

= SimBiology

= Chemical Kinetics with MATLAB File Exchange Entry
= Teaching Chemistry with MATLAB

= SimBiology Documentation Example for Reaction
Kinetics

Heat Transfer
= Partial Differential Equation Toolbox
= Heat Transfer Documentation Examples

Process Control

= Simulink

= Control System Toolbox

= Water Tank Simulink Model Documentation Example

= Design Internal Model Controller for Chemical Reactor
Plant Documentation Example

= Teaching Controls with MATLAB and Simulink

Process Design
= Linking MATLAB to Process Simulators

= Design and Cosimulate Control of High-Fidelity
Distillation Tower with Aspen Dynamics Documentation

Example

23


https://www.mathworks.com/academia.html
https://www.mathworks.com/solutions/chemicals-and-petrochemicals.html
https://www.mathworks.com/products/simscape-fluids.html
https://www.mathworks.com/help/physmod/hydro/ug/three-constant-head-tanks.html
https://www.mathworks.com/help/physmod/simscape/ref/hydraulicresistivetube.html
https://www.mathworks.com/products/simbiology.html
https://www.mathworks.com/matlabcentral/fileexchange/63104-chemical-kinetics-with-matlab
https://www.mathworks.com/academia/courseware/teaching-chemistry-with-matlab.html
https://www.mathworks.com/help/simbio/gs/construct-a-simple-model.html
https://www.mathworks.com/products/pde.html
https://www.mathworks.com/help/pde/heat-transfer-and-diffusion-equations.html
https://www.mathworks.com/products/simulink.html
https://www.mathworks.com/products/control.html
https://www.mathworks.com/help/slcontrol/gs/watertank-simulink-model.html
https://www.mathworks.com/help/control/ug/internal-model-control-design-for-a-chemical-reactor-plant.html
https://www.mathworks.com/academia/courseware/teaching-controls-with-matlab-and-simulink.html
https://www.mathworks.com/solutions/chemicals-and-petrochemicals/interconnectivity.html
https://www.mathworks.com/help/mpc/ug/design-and-cosimulate-control-of-high-fidelity-distillation-tower-with-aspen-plus-dynamics.html
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Teaching Chemical Engineering with
MATLAB, Simulink and TCLab

Joshua Hammond
Research Assistant

John Hedengren
Associate Professor
Brigham Young University

}‘4 BYU PRISM

MODEL OPTIMIZE CONTROL

24



Webinar and Interactive Module

John Hedengren erere
ASSOCIate Professor
.

John Hedengren

Associate Professor

View full profile

6d - @

F™ 35 NEW interactive modules in MATLAB, Simulink, and Live Scripts for
Dynamics and Control. Join the MathWorks webinar on Teaching Chemical
Engineering with MATLAB, Simulink and TCLab on Tuesday, Aug 17.

Webinar Registration: https://Inkd.in/etEs4DP
35 Modules (GitHub): https://Inkd.in/e6hpFrc9
Course Schedule: https://Inkd.in/eDEJPqP

The flowchart guides students through the course with one or more modules for
each block. Thanks to Joshua Hammond, Colin Anderson, and Nathanael Martin-
Nelson, EIT for their development work on these new modules over the past year
and to MathWorks for technical and financial student support.

#chemicalengineering #teaching #matlab #simulink #processcontrol
#processautomation #education

Process Dynamics and Control
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Overview

Automation needed across industries
35 Lesson Modules

Pocket-sized lab overview

— Teaching resource with learning objectives
— MATLAB, Simulink, and Live Script demos

Collaborative community resources
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MATLAB, Simulink, and Live Script Resources

Controller Design

= Dynamics and Control Course

— Learning Modules (35)

— Theory: Lesson
— Simulation: Assignment
— Lab: Temperature Control

— Course
= https://apmonitor.com/pdc

— MathWorks Modules

= https://github.com/APMonitor/mdc

Process Dynamics and Control
https://apmonitor.com/pdc

Select Actuator (OP), Measurement (PV)
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Learning from Student Perspective: Foundations

g ; & N
,uo"y;- (;‘TCLab Course TCLab Coursel -

‘ Begnn Matlab ‘ Begln Mat% ‘ Begln Matlab

Overview 0 Debugging Variables @
ab Couiée

‘ Begin Matlab [ Begin Matlab
Printing Q ’ e Functions (@

: Begin Matlab
Loops @ 8] it statements (§)

o Q TCLab Course
S~

-
-

Begin Matlab ‘ Begin Matlab ‘

Arrays @ Cell Arraysm Plotting @
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Learning from Student Perspective: Active Learning

e Tune a Pl
Controller
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Learning from Student Perspective: Synthesize

e

First Order Plus Dead-Time

Ko, Tor Op

Second Order Plus Dead-Time
Kpn Tsy ‘:_w ep
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Disturbance

Feedforward Kq=-Ku/K,

Integrating
System

PID Control
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Tuning Correlations
Kpf Tps ep % KU T, Tp
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Time Series Physics-based
State Space Empirical

Maodel Predictive Control
Course: https://apmonitor.com/do
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Performance
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Performance
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ARDUINO
Controller

apmonitor.com/heat.htm
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lab = tclab; % load TCLab

\\///

lab.LED (80)
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lab = tclab; % load TCLab

\ '| [//
<

lab.LED (80)

disp(lab.T1l)
disp (lab.T2)

1ab.Q1(50)
1lab.Q2 (0)

Temperature (°C)

Heater (%)

Temperature
https://apmonit

e Sisiidi wiiaiy
60
T1 measured
50 S = » = T3 set point
= T measured
ik === T3 set point
30 -~
20 T T T T
0 200 400 600 800
108 7 = () heater
80 = = s ()5 heater
60
40 -
20
() —5
T T T T
0 200 400 600 800
Time (sec)

4\ MathWorks

A\

36



4\ MathWorks

601 — simulated

55 |

‘ 0000000000]00000000 o
# * 'y d

i ]

an—" sa——ns %45
2

© 40 -
g

§ 3

vV
¢ 79

p TC I_a b Convection

N
y
‘ 0000000000100000000
L/

-
e i
fj RPN g - uE ../..
NnalidLive - ! -

Tyt g ek ~ S
Linearize:
o

‘ 0000000000 00000000

u l——/: l/o—-l l

‘ 0000000000 00000000

[ l—/: l/o‘-—l l

AT . / A .
Convective
|




4\ MathWorks

TCLab

38



Adjust Heaters With Sliders

| 0 | »a
Heater 1 (Q1)

| 0 | »a2
Heater 2 (Q2)

Temp 1

Temp 2
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TCLab [E=E=s TC Lab
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ARDUINO
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TCLab for Instructor Evaluation

Send email to john.hedengren@byu.edu
— Name

— Shipping Address
— Course Information
Arrives in 2-3 business days (US)
Arrives in 6-20 business days (International)

Student lab kits on Amazon
— https://amzn.to/2FopcMp

LN BRI R
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Community Teaching Resources

CACHE Teaching Resources Resoufcium.org

Teaching Resources

E Home Explore Participate Sign Up/In
Teaching resources for faculty are organized here mostly by courses. These resources include syllabi, schedules, computer-aided tools, interactive simulations,

screencasts, concept questions, textbook information, useful links, and in some cases, complete course notes. Send suggestions and corrections to
cache@umass.edu.

Intro to Chemical Engineering Material/Energy Balances

Fluid Mechanics Heat Transfer

RESOURCIUM

A

The Educational Resource Compendium

We're still in beta. Check out Participate to learn how you can help us improve.

Process Data Analytics Engineering Mathematics Kinetics/Reaction Engineering

S

Process Control

What is Resourcium? Resourcium is a collection of control and automation resources. Some resources are combined to create ordered lists that we
call journeys. If you want to see all of the resources and journeys we have in the database just click the search button without typing anything in the
search field. If you'd like to see the range of topics that we cover check out explore in the navigation menu.

Separations/Mass Transfer Materials/Polymer Science

Process/Product Design

le.Process and Product Design

Molecular Modeling Conventional/Renewable Energy

- i

Featured Journeys

Nyquist

Teaching Topics

Stability

. Criterion

The Basics of the Nyquist Stability
Criterion

Introduction fo the

KALMAN

PID

A brief introduction

What is
[EMS ENGINEERING?

PID Control - A Brief Introduction Introduction to the Kalman Filter

What is Systems Engineering?
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Thanks to Collaborators

= Many collaborators have enabled this community resource
— Melda Ulusoy @ MathWorks
— Samvith Rao @ MathWorks
— Aycan Hacioglu @ MathWorks
— Abe Martin @ BYU, NAVAIR
— Junho Park @ BYU
— Colin Anderson @ BYU
— Nathanael Nelson @ BYU
— Jeff Kantor @ Notre Dame
— Carl Sandrock @ Univ. of Pretoria, proquo ai
— Paulo Moura Oliviera @ UTAD in Portugal
— John Anthony Rossiter @ Univ. of Sheffield
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