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Approach
Reliance on LabVIEW and data acquisition as user-

friendly tools for the integration of concepts in controller
modeling and implementation

Motivation

Traditional Process Control courses focus mostly
on process control theory
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Our Reinvented Course

 Recitation Time Switched to Lab Session
(Overall Course is 4 Credit Hours)

 Heavy Use of LabVIEW for both Data Acquisition and
Process Modeling

« Training in LabVIEW, Data Acquisition
« Design Project — Couples Modeling & Implementation

* Ongoing Emphasis - Connection Between Theory &

Practice
(Process Modeling, Transfer Functions, Linear Feedback
Control Theory, Feedforward & Cascade Control)
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Coupling Data Acquisition with
Feedback Control

« LabVIEW software - Graphical
Programming, User Friendly

« Data Acquisition Teaching Platform
(National Instruments NI-ELVIS II)

« Custom Built Data Acquisition
Platform (Uses NI board)

« Supply Room — Project Equipment
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Early Incorporation of LabVIEW

WEEK OF THE P?QIEOSJSgT LABVIEW TRAINING/ASSIGNMENTS
SEMESTER ACTIVITY For Data Acquisition For Modeling
1 Control
5 In—class Tutorials Lab,
Part 1
3
4 Training Programs Control
Preliminary 1-3* Analog Inputs Lab, Introduction to the
5 Project Proposal Part 2 Simulator
Submission
Process Simulations
6 Team Meeting e Time Domain
with Instructor e Non-Linear
Training Programs 4-7* Systems
/ Analog & Digital
Final Project Process Simulations:
Inputs & Outputs
8 Proppsgl o Transfer
Description Functions
with Gantt Chart e Linearization
9 e Relating Transfer
10 Written Training Program 8 Functions to
Status Report 1 PID Control Instrumentation
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Stage 1: Predetermined Project— pH Control

Design Program

Tune Controller

pH=-16.53*voltage+6.60
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Guitar String Tuner

wgi

Student-Selected

Top Project 2012

Baby Rocker-for
Restful Sleep

£ .— lllll . |II
Solar Panel- e /LMN
Dissolved Rotation & Tilt Uy —
CO, In Smart Umbrella Ballast Tanks —

Aquariums S e Waterline of Ships
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Stage 3. Team Projects

Violin Tuning
Hydroponics . : (3-D Printing of
\(pH &T Control)/ Publlc Demo SeSS|on \ Peg Clamp) /
/" Drink Composition  \ / Sugar Content \ /~ Reaction Yield (Conductivity) )

(Switch Valves- Integrate Flow) (Auger)
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Simulation & Modeling with LabVIEW
- 1}

Two Tanks in Series Tank2 [N
g-in-initial value 1.1- o | [T m
;)F—-—H ll
g-in-final value =
‘B 2"
-
10
: L dh
Simulation Time Tank 1: qin — qout,l — Al d_tl

dh,
Tank 2: Gout,1 — Gout,2 = Az dr

qin(0) =1 qin (0+) =2

:
n o [N ldincinihiavalue fa-in] 6} Model for Tank 2

&
g-out, from Tank 1| =

_ 1 _ 1
0.5—H= qout,l - R_hl CIout,Z - R_hZ
1 2

Initial Level, h2=0.5

R =valve resistance; R1 = Rz=0.5

Build Array A = tank cross sectional area; A1=Az =
=

—___ ] 1
h = tank level

Based on Example 4.4, Seborg et al., Process Dynamics & Control
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Step Tau Tau
Test 63% of Step | Fit to First
(A pH)* Response Order Simulated pH
Model [ 8-
4t07 1.8 2.7
410 10 1.7 1.7 77
71010 1.9 2.3 6-
T
10to 7 2.7 4.2 o
10t0 4 15 1.6 =
7to4 1.0 1.3 4-
3_| 1 1 1 1 1 1
0 20 40 60 80 100 120
8.0 | Time (sec)
7.5 N R
7.0 Control & Simulation Loop
6.5

pH step (Delta pH=3)

b 1! =
I60 pH Sensor Response
a= Transfer Function

55
5.0
Initial pH % o |2
5 OB
4.0 L e B s st s B e B B s
0 20 40 60 80 100 120 140

Time (sec)
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Survey — Students from Past 5 Years

AVg 42% Your Level of Interest in the Design Project was:
Response Al Student- "\ g | Level of
Rate Selected : ::E:ium Interest
Projects : in Design
I Project
) [
I
40% I
[
] (Pre-built)
l pH control =
! _ - ~ o Lower
] ~ _ Interest
10% S \
! /
0% I /
2014 2013 2012 I -
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Project Difficulty Worth the Effort

You Feel the Level of Difficulty of the Design Project was: Level of
7 MOSt felt W Very Difficult Difficu Ity
80% SOmeWh at ' W Somewhat Difficult Of
Difﬁcu |t” I Neither Difficult or Easy Desig n
- i W Somewhat Easy .
! ey £y Project
60% I
I
50% I
40% |
I L]
: (Pre-built)
; pH control =
; Somewhat
: or Very Easy
| i |
o 2014 2013 2012 i 2011 -pH 2011 - choice 2010-pH 2010 - choice
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LabVIEW Motivated Interest in Control

As a result of your experience with LabVIEW in the Process Control course,

and the LabVIEW-based Design Project.... B|Ue =+ H |g her
Your Level ofllnterest in Process Control is: Red - UnChanged
100% .
|
90% -
| W Higher

80% | B Unchanged

Lower
70%
.
60% -
50% =
.
40%
.
30%
20% -
) I | I I
O ,

2014 2013 2012 . 2011-pH 2011 - choice 2010- pH 2010 - choice

=
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Students Gained Confidence  Blue: Substanti

Red = Modest

As a result of your experience with LabVIEW in the Process Control course,
and the LabVIEW-based Design Project....

Your Level of Confidence in Building Stuff has: B Substantially Increased
a0 ! W Modestly Increased
| Remains Unchanged
80% .
I W Modestly Decreased
. M Substantially Decreased
/0% I
60% !
| .
; (Pre-built)
: pH control =
40% | .
; Higher
i percentage
: felt
| .
: confidence
I
10%
I : unchanged
|
0% -
2014 2013 2012 | 2011-pH 2011 - choice 2010-pH 2010 - choice
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Impact throughout Curriculum

Research,
Internships and
Co-ops

Students Design Experiments &
Systems to Solve Problems

Chemical
Process

Measurements
Lab
(Junior Year)
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Process Control is Fun & Relevant

 Bridge Gap between Theory and Reality
 Provide Design Project Experience

« Train with a New Skill Set to Address Design
Problems
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