CHE 4568/5291 and BME 4050/5790: The Basics of Making
See BrennerZoomFall2021.txt and BrennerFall2021Zoom.zip for Zoom links, my whereabouts during the week, etc.

Go to https://fit.instructure.com/courses/265730/files, right click on Basics of Making Videos, and download this massive file.

Lecture Content & Videos:  https://fit.instructure.com/courses/591914/assignments/4975947
Download prior to class, and I would advise printing them prior to class, too.

https://fit.instructure.com/courses/591914/assignments = labs in order 

Guidelines for all Brenner classes 

2021 ChE Academic Honesty Policy
2020-2021 Catalog Data:  The Basics of Making.  After a brief review of the basics of computer programming, CAD drawing, and circuit breadboard prototyping, this class will emphasize the use of Arduino microcontrollers and LabView for sensors, data acquisition and controls, followed by 3D printing with a final project competition.
Credits & Contact Hours: 3 Credits, 13 lectures (50 mins.), 30 labs (110 mins.)
Required or Elective or Selected Elective: Technical Elective.
Prerequisite and Co-Requisite Courses:  (MTH 2002 prerequisite AND (CHE 3260 prerequisite OR BME 3260 prerequisite OR CSE 2410 prerequisite OR ECE 3551 co-requisite or prerequisite) AND junior standing) OR graduate standing.

Prerequisite and Co-Requisite Topics:

1. Mathematics - Numerical derivatives and integrals, and curve fitting
2. Chemistry (preferred) – spectroscopy (Gen Chem 1), chemical reaction kinetics (Gen Chem 2), equilibrium constant (Gen Chem 2)

3. Materials Science (preferred) – electrical properties 
4. Computer Programming (preferred) - proficiency in any language

5. General Engineering – PowerPoint, basic circuits (preferred), CAD drawing (preferred, in any software package)

6. Chemical Engineering (preferred) - mass and energy balances (CHE 2101), process flowsheeting and piping & instrumentation diagrams (CHE 1101)
Textbook (T) and References (R): (R) J. R. Brenner, Compilation of relevant topics at
, August, 2021.  
Instructor:
Dr. James R. Brenner Office: OEC 256 Phone: 321-749-3437 Email: jbrenner@fit.edu
Course Outcomes: Upon completion of this course the students will achieve the outcomes as described in LEARNING OUTCOMES CHE 5568.doc 
1. Computer programming
2. Wiring/soldering
3. Arduino- and LabView-based circuits
4. Arduino- and LabView-based data acquisition, sensors, motors, and controls
5. Concentration monitoring and potentiostats
6. Microfluidic flow
7. CAD drawing
8. 3D printing

9. Fabrication of wearable sensors

10. Poster presentation and demonstration of wearable sensors
11. Multidisciplinary teamwork
12. Curiosity

13. Connections

14. Creating Value

15. Collaboration

16. Communication

17. Character
Topics Covered and Associated Time:
1. National Instruments LabView Programming Basics:  Common variable types, If/Then/Else, Do and While Loops, Data Acquisition and Control (DAQ) hardware (1 week)
2. Same programming concepts in C++ for Arduino and G Code for 3D printing (1 week)
3. Wiring a light bulb circuit and soldering (1 lab hour)

4. Intro to breadboard circuit concepts in TinkerCAD Circuits (1 lab hour)

5. Wiring breadboard circuits using Arduinos:  Blinking LED, resistor circuit, resistor/capacitor & introduction to Arduino programming (2 lab hours)

6. Arduino/LabView DAQ for temperature, liquid level, pH, electrical conductivity (EC), dissolved O2 (DO), oxidation reduction potential (ORP), mass, and flow rate (1 week)

7. Arduino/LabView servo and stepper motor control (1 week)
8. Concentration monitoring using a CheapStat potentiostat (1 week)
9. LabSmith microfluidic flow kit - assemble & test (1 week)
10. CAD drawing (2 weeks incl. fall break)
11. CAD to .stl and 3D printing, including G code modification (2 weeks)
12. Assembly of a fully instrumented bioreactor with automated feeds, aforementioned sensors & controls, stepper-based syringe pumps, etc., with instruction in and integration of prewritten computer code for mass and energy balance closure, process control, and hazardous operability (HAZOP) analysis (2 weeks of lab + 3 lectures)
13. Student design, parts fabrication, and assembly of wearable sensors (remainder of labs in course)
14. Final wearable sensors project explanation, with emphasis on Kern Entrepreneurial Education Network (KEEN) goals of curiosity, connections, and creating value (2 lectures), as well as multidisciplinary teamwork survey and expectations
15. Poster/demo contest for function & creativity to engender entrepreneurial mindset (in lieu of final exam)
Class Schedule:
Common Lecture:  Monday 8-8:50 AM; 




Labs (WF 8-10 AM; TR 11-1; F 1-5;

M 9-11 and WF 10-11 (2 sections at those times)
Grading:
Grades:  90, 80, 70, etc. 
Quizzes: 6%; Homework:  22%; 


In-class assignments: 21%; Lab Report: 4%; 


Literature Review and Motivation/Value Proposition for Project: 10%;



Performance of, meeting of minimal requirements for, and 



complexity of customized wearable sensor: 12%; 


Poster presentation of project work: 12%; 


Final report on project: 13%.
Relationship of Course Outcomes to Student Outcomes: See assessment matrix.

Prepared By:  James R. Brenner, Ph.D., Associate Professor of Chemical Engineering.
Graded Homework (1100 pts. = 22% of grade) – Go ahead and work together on HW’s.
HW 1 – Kit Identification

HW 2 – Questions and Issues Sheet

HW 3 - LabView programming basics (150 pts.)
HW 4 - Python programming basics

HW 5 – KiCAD wiring diagrams 
HW 6 - CAD drawing (150 pts.)
HW 7 – Meshmixer prep
HW 8 - Data acquisition, mass & energy balance closure, process control, & hazardous 
operability (HAZOP) analysis (300 pts.)
In Class Assignments (21 assignments = 2100 pts. = 21% of grade)

In Class Grade 1 – Light bulb circuit

In Class Grade 2 – LabView:  Conversion of C to F

In Class Grade 3 – Arduino Blink

In Class Grade 4 – Soldering of Load Cell to Load Cell Shield

In Class Grade 5 – Temperature Sensor Lab

In Class Grade 6 – Load Cell Sensor - Arduino

In Class Grade 7 – pH Sensor

In Class Grade 8 – Electrical Conductivity / Salinity Sensor

In Class Grade 9 – Python Programming

In Class Grade 10 – Stepper Motor, Servo Motor, & DC Motor - Arduino

In Class Grade 11 – Arduino & Bluetooth Robot Control

In Class Grade 12 – 3D Printer Configuration and Subsystems; Conversion of CAD to .stl

In Class Grade 13 – CAD Drawing

In Class Grade 14 – Microfluidic Flow & Lab-on-a-Chip

In Class Grade 15 – Speakerbox - Soldering of LED's

In Class Grade 16 – Editing of .stl Files with Meshmixer/Inkscape

In Class Grade 17 – 3D Printing - Speakerbox Feet

In Class Grade 18 – SpeakerBox Construction & Wiring

In Class Grade 19 – Bluetooth Arduino SpeakerBox

In Class Grade 20 – Laser Cutting of SpeakerBox Top

In Class Grade 21 – Electrochemical Concentration Monitoring
Quizzes – 2 quizzes -= 200 pts. = 6% of grade – Must be done yourself

Quiz 1 - pH data acquisition and acid/base titration

Quiz 2 – CAD drawing

Quiz 3 (Honors Option Only) – Computer programming & control quiz – pass/fail
Lab Report 1 – 4% - Includes CAD drawing, 3D printed object, printing parameters, assessment 
of fit of machine screws into printed holes, any necessary revisions, and assessment of any necessary revisions.

Project Outcome 1 - Questions and issues sheet for project
Project Outcome 2 - Motivation and value proposition for project
Project Outcome 3 – Literature review

Project Outcome 4 - 3D-printed part for project
Project Outcome 5 - Assembly of parts for project
Project Outcome 6 - Evaluation of multidisciplinary teamwork effectiveness

Project Outcome 7 - Curiosity as number of hours spent on project in making environments

Project Outcome 8 - Connection of content from multiple courses and integration/synthesis of 




different kinds of knowledge, as assessed in the end of semester final 




project report

Project Outcome 9 - Public feedback during the poster presentation and performance 
evaluation
Performance of Project Work
Poster Presentation of Project Work
Final Report on Project
