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Abstract

This project is the start of a lab experiment for the Cal Poly San Luis Obispo Electrical
Engineering department’s new lab focusing on Programmable Logic Controller's (PLCs). The
primary focus is to create a lab where students control a Heating, Ventilation, and Air
conditioning (HVAC) system controlled by the Modicon M580 PLC, donated by Schneider
Electric. The experiment contains a heat source, which the PLC monitors with a temperature
sensor, and a cooling source with multiple fans. Students will learn to use function block
diagrams to program the PLC, controlling fan output and regulating the system temperature. The
experiment specifications and HVAC system parameters were created and simulated with the
Modicon M580’s software program, Unity Pro XLS. This simulation confirmed a working
design that students would be able to recreate themselves in a lab setting and program to work.

Students can gain a working knowledge of a commonplace industrial control/automation tool.



Chapter 1: Introduction

The first programmable logic controller, or PLC, was developed in 1968 by Dick Morley
and the company Modicon [1]. Modicon stands for modular digital controller, which is what the
PLC sought to provide for companies worldwide. Current applications for PLCs today include
industrial control, automation for production, and a multitude of other manufacturing processes.
The PLC has largely replaced traditional electromechanical relay systems, which were larger,
messier, and prone to failure. From the inception of PLCs, with the Modicon 084, to the current
Modicon M580 ePAC, engineers have found more ways to automate control loops, monitor the
environment, and provide real-time feedback on operating conditions. This has led to an increase
in the complexity of PLCs, but also allows them to be used more robustly.

One year after Morley’s Modicon 084, Schneider Electric began working on the new
PLC product [2]. The first major change Schneider produced was in 1996, when the Modicon
Premium was released. This was a high-capacity controller for large applications and pioneered
the way for Programmable Automation Controllers (PACs) [2]. As the internet age began to
boom, the Modicon Quantum PAC was released in the early 2000s. This PAC offered embedded
web server capabilities and made communication easier and more reliable. Leading up to the
Modicon M580, more adjustments were made to PLCs, adding functions such as Ethernet,
Modbus ports on CPUs, and native USB ports. Schneider’s Modicon M580, was the first ePAC,
a PLC with a standard unmodified ethernet built into the core. This PLC started the current
generation of PLCs, boasting high processing power and memory, along with reduced energy

consumption and improved productivity.
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Figure 1-1: Schneider Electric’s first ePAC, the Modicon M580 [3]

The actual process of automation that a PLC performs has 3 main categories: Processing,
Input, and Output [3]. Similar to a CPU, a PLC monitors the inputs and the status of switches,
sensors, etc. With the information from them, PLC performs logic on the inputs during the
processing section, and proceeds to output the logic to motors, valves or other outputs. In
addition to the 3 activities the PLC also has a housekeeping process where a system scan ensures
that there are no anomalies. The programming for the PLCs processing activities follows the
International Electrotechnical Commission’s five standard languages. These include, ladder
diagrams, functional block diagrams, sequential function chart instructional list and structured

text.



Instruction List Structured Text Sequential Function Chart
LD A :
ANDN B C:=A AND NOTB | Step1 [ N| FILL
LST c Transition 1
Function Block Diagram Ladder Diagram Step2 +H S| Empty |
AND A B c Transition 2
i I { - ()
Step 3

B—C

Figure 1-2: A brief overview of the 5 different languages used for PLCs [4]

Common PLC I/0 can be handled for both discrete and analog values. Signal values such
as 4-20mA, 0-20mA, 0-10V, 1-5V and a multitude of other ranges can be accepted and used to
drive PLC outputs for any desired function. 1/0 modules, or individual blocks with specific
functions, are used depending on the existing sensors and required inputs. This mutable
architecture allows for, to be added or removed based on the needs of the facility, ultimately
enhancing the usefulness of PLCs for automation control and process flow.

One of the more prevalent use of PLCs is in the HVAC (heating, ventilation, and air
conditioning) system. HVAC is a crucial component of construction that ensures stable
temperature indoors, while recirculating and filtering air throughout the structure. With today’s
technology, HVAC-specific PLC systems have been developed, allowing a single operator to
control ventilation and heating for large structures via ethernet, RS-232, or other supported

communication protocol [5].
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Figure 1-3: HVAC model with PLC 1/O [6].



Chapter 2: Background

The power industry continues to expand as industrial power controls and automation
make advancements. Power equipment found in HVAC systems, relays, lighting systems, and
any motorized system utilizes industrial power controls with the implementation of PLCs. With
industrial usage of PLCs increasing rapidly over the past couple decades, entry level engineers
should have a chance to learn and operate PLCs while in academia. Currently, the only PLC
class at Cal Poly SLO is offered by the Industrial & Manufacturing Engineering department, and
it primarily focuses on automation. This means there is no class that electrical engineers can take
to expose them to PLCs and the programming needed to operate them. To address this issue,
there is currently a plan to create a new lab course that can be offered to EE students and teach
them about automation and the necessary programming. In addition to studying PLCs and their
usage in industry, the lab will provide students with hands-on experience and exercises. Many
other courses both at Cal Poly and on other college campuses may only provide theoretical
coverage of the topic, and this new EE course hopes to break that norm.

Previous work has been done in developing this course since the 2018-2019 academic
year, thanks to the help of a previous senior project [7]. They assisted in the creation of the
industrial automation lab, complete with 6 PLC stations. In addition, they created the first lab for
this course, and optimized the layout of the DIN rail, which holds circuit breakers, and industrial
control equipment. The remaining work to be done includes developing the rest of the labs and
writing the lab manual. Their idea for the course was to allow students to explore a potential
career path, getting an overview of industrial automation while gaining hands-on experience with

an industry standard PLC.
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With the creation of this course underway, the issue of what topics to cover and
experiments to perform in the lab arises. This project covers the creation of one of those labs,
which specifically focuses on motor control and HVAC, teaching students the importance of
automation inclusion for HVAC. It also covers additional PLC programming for the inclusion of
temperature sensors. The motor control and HVAC lab being created is based on an existing
design. The original design covers the programming aspect needed to control fans for a cooling
system [8]. This project expands that design by including a temperature sensor and external heat
source. This allows for more control of the overall system and a greater learning experience for
students. By the end of the lab, students should be able to show their understanding of PLCs by
writing program instructions to the PLC to control a contained HVAC system containing
temperature stabilizing fans.

The need for PLCs in the HVAC field grows exponentially as industries use more heat
exhausting machinery [9]. HVAC systems play an important role maintaining temperatures and
humidity levels in a work area. With the inclusion of PLCs, changing levels of temperature can
be monitored with sensors and adjusted accordingly. The HVAC system can rely on a PLC to
monitor the input levels and tell it what output is needed to maintain the necessary temperature
for the machinery to keep functioning. Entire buildings can be controlled from a single computer,
and large systems can be daisy-chained in a ring-like topology, protecting against failure
anywhere in the ring. Automated temperature control via PLC has enabled the production of
highly modular HVAC systems, capable of handling the needs of current and future structures
worldwide.

Student’s interest in PLCs and automation grows as more courses are developed and

students are exposed. The University of Wyoming has created their own lab and already
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implemented it into their curriculum [10]. Their reports show student feedback, and interest in
the growing field of PLCs. Despite the difficulties in learning a relatively new field of study,
many of the students eagerly said they would take another class on PLCs if offered. More
importantly, when asked about their PLC knowledge on a scale of 1-10, the average response
before the class was 2.2 and after taking the course, was 6.1. This shows the importance of
inclusion of a PLC course at any college. Many students have little to no knowledge, and
although one class might raise it significantly, there is still a lot they could learn. Including a
PLC course at Cal Poly SLO will help broaden students' knowledge and prepare them for
potential employers. This is especially important when considering the direction of
manufacturing, which emphasizes speed and efficiency without sacrificing control. PLCs are the
future of automated manufacturing and control, so making a class to address this valuable
industry is warranted.

Realizing the importance of gaining the necessary knowledge and skill in PLC for
electrical engineering students, the objective of this project as stated before is to design and
develop a laboratory exercise on motor control in HVAC application. In addition to the hardware
setup for the experiment, a lab manual detailing instruction on how to conduct will also be

included as the outcomes of the project.
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Chapter 3: Design Requirements

The industrial power and controls lab being developed at Cal Poly SLO has moved into
the lab experiment production phase. One of these labs is to include an adjustable speed drive for
motor control. The design of the lab should combine PLCs with motors and create an enjoyable
and hands on experience for students taking the course. Ideally it will contain a variety of subject
matter from mechanical and electrical disciplines, separating it from traditional electrical

engineering labs and providing an interactive experience.

Student Control Temperature Control
—> S
—>

!

1200 AC

Figure 3-1: Level 0 Block Diagram

The lab experiment being designed is a miniaturized HVAC system model, controlled by PLC.
Figure 3-1 shows the level 0 block diagram and Figure 3-2 shows the level 1 block diagram for
this proposed HVAC system. The 120V AC input is power supplied to the PLC system from the
room’s outlets and is connected to the PLC and external power supply. The additional power
supply, Agilent/HP E3640A, provides a voltage range of 0-20 V. This is sent to the resistive
load, which is nichrome wire. It acts as a low-ohmage heat element, which can be controlled by
the power supply. From the power supply there is a large range of temperatures that will be

detected by the system. The negative temperature coefficient (NTC) thermistor is connected to
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the Modicon M580 PLC via I/O pins provides the system with the temperature input status. The

PLC takes this information and with the programming that students have written and sent to the

PLC via ethernet, it will process the data and output accordingly.
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Figure 3-2: Level 1 Block Diagram

&

120V AC

The output of the system is temperature control and regulation of the environment around

the temperature sensor. The variability comes from the number of Panaflo FBAO8T12L fans that

are connected to the PLC with the AH5775 brushless DC (BLDC) drivers, which provide the

required current to the fans. The DC computer fans operate based off the students programming,

which should follow the requirements in Table 3-1. The temperature range that Table 3-1 is

based off will depend on the student’s surroundings and conditions, requiring them to calibrate it

themselves.



14

Table 3-1: Number of Fans ON

[Temperature Number of fans

‘Room Temperature” calibrated as 0°C 0 fans are on

“0.5X” °C [Transition from 1 to 0 fans

X °C 1 fan turns on

“1.5X” °C Transition temperature from 2 to 1 fan
[2X” °C 2 fans are on

In addition to the number of fans being on, there are LEDs that output the status of the
fan and whether each individual one is working. The PLC gets information from the drivers,
monitoring the fans and relays that information to the students via LED signal.

Table 3-2 summarizes the engineering design specifications for the HVAC PLC proposed

lab experiment.

Table 3-2: Summary of Design Requirements

Requirement Engineering Requirement
Agilent/HP E3640A e  Maximum power: 30 W
Power supply e Voltage range: 0 - 8V or 0 - 20V

Current range: 1.5 - 3amps

Nichrome Wire e 100 ft of nichrome wire
(heat production) e  Melting temperature 1400 °C
Resistance: 1.6089 ohms/ft




NTC Thermistor
(temperature sensing)

Resistance @ 25°C: 47kQ
Thermal dissipation constant: 1.5mW/°C
Maximum power: 7.5mW

Modicon M580 ePAC

Primary voltage: 100-240V
Local digital I/O processor capacity:1024 1/0
Local analog 1/0O processor capacity: 256 1/0

AH5775 Driver

Operating voltage: 2.5 - 18V

“Applications: 5V/ 12V / 15V min. BLDC
cooling fan

Maximum continuous output current: 300mA

Panaflo FBAO8T12L Fan

Operating voltage: 7-13.8V
Rated current: 79 mA
Nominal speed: 2000 rpm

15
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Chapter 4: Design

The PLC HVAC system model is built up of three main sections: the heating side, the
PLC itself, and the cooling side. The two main areas of design concern are the heating and
cooling side, as the PLC unit is not flexible when deciding components. These two subsections

are broken down in Figure 4-1 and Figure 4-2.

Nichrome wire
power supply i
8-20V

NTC
Thermistor

Wikkem—) TEPEE
R —>» 1/O pins

Figure 4-1: Heating Side Design

The heat sensing focuses on reading temperature values from a “variable temperature
source”, which in our case is a variable power supply with nichrome wire. The specifications of
the heat sensing side required a 0-20V swing on the power supply, which gives a range of
temperatures achievable given the wire gauge. We chose 24-gauge wire, which corresponds to
~1.6Q)/ft. Based on the desired range of temperatures, a NTC thermistor was chosen to encode

temperature as resistance, which can be read by the PLC’s analog I/O. This allows for the PLC
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logic, written using the functional block programming style, to output to the fan drivers based on

current temperature sensed by the thermistor.

Figure 4-2: Cooling Side Design

Table 4-1: Cooling Side Pins

Pin Number | Pin Name | Description

1 VDD Power supply input

2 o1 Output drive sourcing &
sinking pin

3 02 Output drive sourcing &
sinking pin

4 GND Ground

5 Red + Fan positive wire

6 Black - Fan negative wire
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The cooling side consists of 3 fans which run off a set of drivers. The provided computer
fans, the Panaflo FBAO8T12L Fans, are brushless fans with an operating voltage of 7-13.8 volts
and rated current of 79mA. Figure 4-3 shows the fan. Because of these relatively high current
specifications, the fans cannot be wired directly to the PLC unit, making a driver necessary. The
driver component chosen is a simple single-phase motor driver. It is a single-chip solution for
driving brushless direct current fans. Common applications for this driver include 5V/ 12V/ and
15V BLDC cooling fans, which the Panaflo fans fall under. In addition to supplying the
necessary current to the fans, these drivers allow for variable speeds in the fans. For a 12V
nominal motor, changing the supply voltage from 12 V to 6V will cut the speed by 50%. The
driver was also selected for its simple implementation. As seen in Figure 4-2, there are only four

pins on the driver, two to power and ground it, and two to connect to the fan.

Figure 4-3: Cooling Side Fan

Attached at the back end of the cooling unit will be LEDs for every fan and driver pair,
three of each. This generic LED will be used as an indicator for abnormalities. A person
monitoring the system can determine whether the fans are working properly by seeing if the LED

is on or off.



Table 4-2 lists a bill of materials for all the components necessary for the HVAC PLC

system designed. Table 4-3 lists the associated datasheets for some of the components.

Table 4-2: Bill of Materials and Purchase Links

Extended
Item Description Link Price ($) Count Price ($)
Ethernet
Programmable
Modicon Automation
M580 ePAC [Controller Schneider M580 0 6 0
Panaflo
FBAO8T12L (already
PC Fan 79mA 12V acquired) 0 24 0
THERMIS
TOR NTC
47KOHM 4050K
Thermistor BEAD Digikey 0.45 12 5.40
Nichrome 80 - 100
Nichrome - 24 Gauge
Wire Resistance Wire amazon 8.49 6 50.94
set of 300 LEDs
LED for fan status amazon 8.87 1 8.87
IC MOTOR
DRIVER 2.5V-
Fan Drivers 18V 300mA TO94 |Digikey 0.57 24 13.68
TOTAL
PRICE (%) 78.89

19


https://www.se.com/ww/en/work/campaign/m580-epac/
https://www.digikey.com/product-detail/en/murata-electronics/NXRT15WB473FA3A016/490-14492-1-ND/4422436
https://www.amazon.com/dp/B07CJ2JG6D/ref=psdc_495310_t2_B07CHVKKCQ
https://www.amazon.com/Lights-Emitting-Assortment-Arduino-300-Pack/dp/B00UWBJM0Q
https://www.digikey.com/product-detail/en/diodes-incorporated/AH5775-P-B/AH5775-P-BDI-ND/5699702

20

Table 4-3: Component Datasheets

PC fan datasheet

https://datasheetspdf.com/pdf-file/613208/ETC/FBA08T12L/1

Thermistor

https://www.murata.com/~/media/webrenewal/support/library/catalog/produ

cts/thermistor/ntc/r44e.ashx?la=en-us

Nichrome wire

https://temcoindustrial.com/temco-rw0407-nichrome-80-wire-100-ft.html

Fan drivers

https://www.diodes.com/assets/Datasheets/ AH5775.pdf



https://datasheetspdf.com/pdf-file/613208/ETC/FBA08T12L/1
https://www.murata.com/~/media/webrenewal/support/library/catalog/products/thermistor/ntc/r44e.ashx?la=en-us
https://www.murata.com/~/media/webrenewal/support/library/catalog/products/thermistor/ntc/r44e.ashx?la=en-us
https://temcoindustrial.com/temco-rw0407-nichrome-80-wire-100-ft.html
https://www.diodes.com/assets/Datasheets/AH5775.pdf
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Chapter 5: Simulation

Because of hardware constraints during the COVID-19 pandemic, the HVAC system will
be modeled and simulated. The simulation software used will be the Modicon M580’s main
programming software, Unity Pro XLS by Schneider Electric. Unity Pro is a convenient tool for
testing the system because it allows the user to write their desired commands for the system,
simulate the program, and then apply it to the PLC. This means, with limited hardware, the only
step that is skipped is the application of the program to the PLC.

The HVAC simulation in Unity Pro will make use of Function Block Diagrams as its
programming language. The steps to setting up a Function Block Diagram and running a
simulation are:

1. Open Unity Pro XLS, under the File tab, create a new project or press control + N.
2. Under Modicon M580 options, select the “BME P58 4040” option and click OK
3. In the project browser, expand the Program file — Tasks — MAST — right click on

Sections. And click New section....
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|
Project Browser a
‘Ea Structural view
3, Project
=, Configuration
B R&, 0: PLCbus
Ry, 2:EI0Bus
(1), Derived Data Types
(1, Derived FB Types
=l Q) Variables & FB instances
@, Bementary Variables
@), Derived Variables
(@8, Device DDT Variables
B, 10 Derived Variables
&, Bementary FB Instances
&, Derived FB Instances
(_J, Motion
# (), Communication
Wil, Ethernet Network
= (3, Program
B, Tasks
— By MAST
Y scciors
(13, SR Sections
25—, Events
(2, Timer Events
(3, 1/oEvents
(1, Animation Tables
(1, Operator Screens
{L, Documentation

=

Figure 5-1: Simulation set up- step 3: New Simulation files

4. Name the file, and from the Language drop down menu choose FBD. After clicking OK,
the file is ready to be edited.

5. To create function blocks right click on the window and select Data Selection.
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6. From the text box, type the desired function block name (AND, OR, etc.) Or click on the

ellipses — Function and Function Block Types tab — <Libset V13.0> and search for the

function block.
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Figure 5-3: Simulation setup step 6: Block type selection

7. After making the program with function blocks, click the PLC tab — simulation mode —
connect — transfer project to PLC

8. Then under the build tab click build project

9. Under PLC tab click run

10. Right click animation tables — new table — insert

11. Variables can be put in an animation table, where their values are dynamic and can be set
to any value. This animation table serves as an area to debug the FBD and ensure the

system’s performance is adequate.
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Figure 5-4: Simulation setup step 11: Inserting variables and changing values

Figure 5-5 shows the function block diagram used to simulate the HVAC system. It uses an
incoming temperature value and based on the level turns on the corresponding number of fans. If
any of the faults for a main fan are triggered, the backup fan should turn on when the original fan

would have.
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Figure 5-5: HVAC System Function Block Diagram for Simulation

Table 5-1 shows a simulation of multiple temperature values without any faults, the

expected results, and simulated results.
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Table 5-1: Simulation test without faults

Temperature Increasing or Expected results Do simulation results
(°C) decreasing match?
towards value?
20 Increasing All three fans are off Yes
45 Increasing All three fans are off Yes
50 Increasing Fan 1 On Yes
80 Increasing Fan 1 On Yes
100 Increasing Fan1land 2 On Yes
90 Decreasing Fan 1and 2 On Yes
75 Decreasing Fan 1 on Fan 2 turns off Yes
40 Decreasing Fan 1 on Fan 2 off Yes
25 Decreasing Fan 1 turns off Fan 2 off Yes

From the simulation test shown in Table 5-1, without any faults, the system works as planned.
When increasing, the temperature thresholds of 50°C and 100°C turn on fan 1 and fan 2,
respectively. When decreasing, the notable thresholds are 75°C and 25°C. At these values, fan 2
and fan 1 should turn off, respectively. Because no faults have been tripped, fan 3 remains off the
entire time. Figure 5-6 and Figure 5-7 show the simulation results for the 50°C and 90°C that

appear in Table 5-1.
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Figure 5-6: No fault simulation of increasing to temperature of 50°C
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Figure 5-7: No fault simulation of decreasing to temperature of 90°C

Table 5-2 displays test results for the same temperatures as test 1 but includes either fault
1 or fault 2 being triggered. This tests to make sure that fan 3 activates should one of the other

two fail.



Table 5-2: Simulation Testing Faults
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Temperature | Increasing or | Fan fault | Expected | Expected | Expected Do
(°C) decreasing triggered fan 1 fan 2 fan 3 simulation
towards results
value? match?
20 Increasing Fan 1 off off off yes
45 Increasing Fan 2 off off off yes
50 Increasing Fan 1 off off on yes
80 Increasing Fan 1 off off on yes
100 Increasing Fan 2 on off on yes
90 Decreasing Fanl&?2 off off on yes
75 Decreasing Fan 1 off off on yes
40 Decreasing Fan 1 off off on yes
25 Decreasing Fan 1 off off off yes

Because fan 2 only turns on after reaching 100°C, the fault for fan 1 will primarily be

used to test the fault system. In all scenarios, fan 3 takes the role of a fan that has had its fault

trigger. The status the original fan has translates to the status that fan 3 takes on as well. This is

seen by comparing Table 5-1 and Table 5-2. We see at 45°C, that fan 2 is faulted, so fan 3 takes

its role, and because fan 2 should be off, fan 3 remains off. On the other hand, at 100°C, when

fan 2 should turn on, since fan 2 is once again faulted, fan 3 takes its role, and turns on. In the

case that both faults are triggered, fan 3 will turn on if either fan should be on. However, at this

point, the program should recognize the HVAC system will not work as intended and turn off the

entire system. Figures 5-8 and 5-9 show simulation results including the fan faults for the 80°C

and 90°C in Table 5-2.
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Figure 5-9: Simulation Decreasing to temperature 90°C with fault 1 and 2 triggered
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Chapter 6: Conclusion

This project consists of developing a variable frequency drive (VFD) lab experiment for a
new Electrical Engineering lab course at Cal Poly SLO. The usage of VFDs is explored with a
Heating, Ventilation, and Air Conditioning system utilizing the controllability of the Modicon
M580 PLC. In the experiment, students will use a different programming language, moving on
from ladder logic in their previous experiments. They will learn to program the PLC with
function block diagrams in order to control the system and keep the temperature regulated,
following the parameters given to them. This is a common design for closed-loop HVAC
systems, so exposing students to a commonly seen PLC application is greatly beneficial.

The original design of the experiment uses a heating side, consisting of a heating element
and temperature sensor, and a cooling side, fans, and drivers. The two are connected to Modicon
M580, allowing the PLC to monitor the situation and adjust outputs. Hardware constraints led to
limitations in the project scope, so simulations and software tests were added to the project to
progress. Running simulations and tests show that the design of the system works accordingly.
Modeling the system showed us potential problems that could arise, and with that knowledge we
could change the system to accommodate any revisions.

The next step this project would take to improve the project would be to move from the
simulation to hardware. Buying the physical components for the HVAC system to compliment
the Modicon M580, and then connecting it together would allow the simulation results to be
tested experimentally. Expanding the scope of the project could include altering the parameters
for the design and coding of the heating and cooling, requiring usage of more fans or more

complex algorithms and coding. The final extension to this project would be producing a lab



procedure for a lab manual along with a copy of desired results from the experiment for
instructor usage. This would allow for this lab to be integrated into a PLC lab class, letting

students get hands-on learning with industry standard programmable logic controllers.
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Appendix A: Scheduling
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Figure A-1: Fall Quarter 2019 Gantt Chart
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Appendix B: Bill of Materials

B

Table B-1: Bill of Materials for Current Project
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E

1 Item Description Price Count Extended Price

2 Modicon M580 ePAC Ethernet Programmable Automation Controller 0 6

3 PC Fan Panaflo FBAOST12L 79mA 12V 0 24

4 Thermistor THERMISTOR NTC 47KOHM 4050K BEAD 0.45 12

5 Nichrome Wire Nichrome 80 - 100" - 24 Gauge Resistance Wire 5.49 G

6 LED set of 300 LEDs for fan status 8.87 1

7 Fan Drivers IC MOTCOR DRIVER 2.5V-18Y 300mA TO94 0.57 24

8 TOTAL PRICE

Table B-2: Bill of Materials for Previous Project
A B c D E F
Product Code Description Supplier Cost Per Unit (3$) Quantity Total ($)

P584040 Modicon M580 P584040 Schneider Electric 6 0.00
CPS3500 CPUPSU Schneider Electric [ 0.00
Phaseo ABLSREM24050 HMI PSU Schneider Electric 6 0.00
DDI1602 Dig 161 24 Vdc Sink Schneider Electric 6 0.00
DRA0805 Dig 8Q Isolated Relays Schneider Electric 6 0.00
AMI0410 Ana 4 U/l Inputs Isol High Speed Schneider Electric 6 0.00
AMO0410 Ana 4 U/l Out Isolated Schneider Electric 6 0.00
HMIS85/HMIS5T Touchscreen Monitor Schneider Electric 6 0.00
TCSESU053FNO Ethernet Switch Schneider Electric 6 0.00
BO1AUQ33LG Tyrone Gooseneck Tablet Stand Amazon 20.99 6 125.94
AB 1489-M1C030 1P 3A Circuit Breaker Royal Industrial Solutions 55.84 6 335.04
AB 1489-M1C016 1P 1.6A Circuit Breaker Royal Industrial Solutions 55.84 6 335.04
4008190046019 DIN rail Weidmdiller 35X7.5/LL 2M | Automation 24 15.21 7 106.47
AB 1492-J3 Terminal Block Royal Industrial Solutions 0.78 140 109.20
AB 1492-EBJ3 Terminal Block End Barrier Royal Industrial Solutions 0.56 14 7.84
AB 1492-EAJ35 Terminal Block End Anchor Royal Industrial Solutions 1.50 14 21.00
AB 1492-JG3 Gnd Terminal Block Royal Industrial Solutions 3.92 12 47.04
FRT FREIGHT IN AB Shipping and Handling Royal Industrial Solutions 8.95 1 8.95
Note: Donated parts not included in final cost Grand Total: $1,096.52

5.40
50.94
8.87
13.68
78.89
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Appendix C: ABET Senior Project Analysis

Project Title: HVAC Fan Control Using Modicon M580
Students: Kevin Shipp, Anthony Tyler

Adyvisor’s Name: Professor Taufik

Summary of Functional Requirements

HVAC system containing PLC, fans, and heat source
Programmable with Function Block Diagrams
Develop experiment for student exposure to HVAC systems

Primary Constraints
3-hour lab
Minimize cost
Deliver class objectives in hands-on lab format

Economic
Various economic impacts resulting from this project are shown in the table below.

Table C-1: Economic Impacts

People are needed to set up communication between the PLCs and the

Human Capital - i
uman Capital | \;en i order to control the VD and use it

The PLCs, VFD, input/output modules, and programming software are
Financial Capital |all donated from Schneider Electric, and laboratory testing equipment is
provided by Cal Poly, so the only cost is labor.

Manufactured or | The end result of this project is to utilize the PLCs and VFD in an
Real Capital experiment, and to create an accompanying lab manual.

PLCs typically contain a plastic casing, resin for the circuit boards, metal
Natural Capital [ for various components, etc. These are limited to what can be produced
using the planet’s resources.




Commercial Manufacturing
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This project creates a lab experiment and is not expected to be commercially manufactured.
However, the equipment utilized is mass produced, so costs for the PLCs and software are shown

below.
Table C-2: Commercial Manufacturing

Estimate Cost Justification Condition
# of Devices Sold ~6 million 398 proflt/§1500 Hardware and software
Per Year purchase price
Manuf [ . . .

and acturmg N/A Not information that is released by manufacturers.
Cost Per Device
. Software is $1000+ Hardware and software (1-year
Purchase Price . : :
for Each Device ~$1500 | and hardware ranges | software license, not including
from $100-$1000 yearly renewal fees/increases)

Yearly Profit ~$9 billion | Global statistics Globally (not just Schneider)
Cost for User to . . .
Operate Device, 4385 Minimum wage in 30 - 40 hours for introductory PLC

Per Unit Time

SLO County is $11

programming course

Environmental

The materials used and the by-products caused by manufacturing can cause a detriment to the
environment if on a large enough scale. Although the scope of this project alone is not enough to
significantly affect the environment, since the equipment used is mass produced, this project
indirectly impacts the environment in a negative way.

This project directly uses electricity to power all the equipment, and indirectly uses various
materials to manufacture the different parts. The reason the materials used to manufacture the
equipment is considered indirect is because the PLCs and VFD were donated by Schneider
Electric; this project is focused on using that equipment to create an experiment.

This project does not significantly improve or harm the natural resources and ecosystem services,
or impact other species in a direct way.
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Manufacturability

The PLC industry is a multi-billion-dollar market, so it can be inferred that there are no major
issues associated with manufacturing. Not only that, but the materials used are also relatively
commonplace and abundant. The hardware for the PLC is the simpler aspect of the system; most
of the money (for both the supplier and consumer) comes from the software developed.
However, no manufacturing needs to be done, since all equipment will be in the lab, accessible
for students and manufacturing does not cover the scope of the project.

Sustainability
There should not be any issues with maintaining the completed system, as it will be stored

indoors away from outside weather conditions (it will be in a lab in the EE building).There is a

long lifecycle for associated components in the lab. (e.g. the M580’s life cycle is over 20 years)
Once connected, the individual components should not need to be disconnected, and can be left
alone. This project does not directly impact the sustainable use of resources, as the project itself
IS to create an experiment.

Upgrades to improve the design of the project cannot be determined at this time, since the project
has yet to be completed. Along that line, the challenges that came with upgrading the design are
also unknown at this time.

Ethical

It would be difficult to misuse a lab experiment created for future EE students to introduce them
to PLCs, and since the equipment will be reused between sections, the ethical aspect of
manufacturing will not be an issue.

This project is in accordance with points five and six of the IEEE Code of Ethics, and the points
are listed below, respectively:
> to improve the understanding by individuals and society of the capabilities and societal
implications of conventional and emerging technologies, including intelligent systems.
> to maintain and improve our technical competence and to undertake technological tasks
for others only if qualified by training or experience, or after full disclosure of pertinent
limitations.

Health and Safety
There are no health concerns associated with the design, manufacture, or use of the project.
Standard Cal Poly EE Lab guidelines are to be adhered to at all times.

Social and Political
There are minimal social or political issues associated with the design, manufacture, or use of the
project.
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Development
In addition to Schneider Electric’s PLC workshop, students will spend time on their own

familiarizing themselves with the functionality of PLCs and the programming syntax as well as
variable frequency drives. Studying the systems and the interfacing between the two is expected
in order to understand the full scope of the project.

A literature search of sources that are expected to aid the students is provided in the “works
consulted” section.
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