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Abstract

A common problem that many devices have when operating is overheating. Whether it is
operating at full capacity or idle, those devices that we use exert heat to some type of extent. The
physical and electronic components of the device can only withstand so much heat before the
component becomes damaged. This product provides a method of preventing overheating by
being a cooling system for your device. A solution for preventing overheating of the
components in these electronic devices is by having some sort of cooling system. Our product’s
cooling system will be based on energy efficiency, which means that there would not be any
unnecessary cooling on components that don’t need to be cooled down; the product will be able
to drop the temperature of the overall system to the desired temperature by cooling down specific
components that are undergoing extraneous processes and exerting large amounts of heat.
Another way our product targets energy efficiency is by turning on/using a certain number of
fans based on the temperature difference, with each fan operating at variable speeds to achieve
optimal cooling. These points of efficiency will allow the product to not pull too much power.
The key features of this fan cooling system are three 12V fans and a sensor that can analyze
temperature. The operation of this product is powered by the M580’s variable data types. This
aims to achieve a cooling system that detects when the device or certain components within that
device are overheating and adjusts the motors of the fans to regulate and maintain a certain

temperature.



Chapter 1: Introduction

This project is an important aspect of learning about PLCs (programmable logic
controllers), PLCs are currently used in many industries such as electrical, systems, and
industrial engineering. PLCs are becoming an essential aspect in these industries as they are
more reliable and smaller than previous electro-mechanical automators [3]. PLCs were
introduced to eliminate many different issues such as the high power consumption and the high
cost of its predecessors.

There have been many different versions of PLCs the most recent being the Modicon
M580 ePAC, this new PLC allows for much larger applications and created the ePAC
(programmable automation controller). Knowing how to perform different projects through the
programmable logic in a PLC is important knowledge to have when working in industry as PLCs
are commonly used to perform logic on inputs and output the logic results to ports that connect
to motors and other various systems. PLCs are relevant to students today as they are commonly
used in industry when working with logic ladders, functional block diagrams, sequential function

charts, structured text, and instruction lists.
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Figure 1.1: GUI of the M580 PLC

Logic ladders are used for control systems such as our fan cooling system that relies on
temperature feedback into the controller, and functional block diagrams are used concurrently
with logic ladders as a method to describe the transfer function between input and output. [4]

Using this project, there will be a new Electrical Engineering lab course implemented and
listed as EE 435: Industrial Power Control and Automation. This lab course will be an
introduction to programmable automation controllers; we will be using Schneider Electric’s
Modicon M580 programmable logic controllers (PLC) to perform the lab. Functions of the PLC
in the lab course consist of custom-developed functions, electrical hardware interfaces,
communications networking to intelligent electronic devices, and machine operator interface
terminals. Using the PLC, we will also have applications of industrial power control and
automation systems including protection equipment, motor controllers, renewable energy, and

SE€nsors.



Chapter 2: Background

This project considers the design of a fan cooling system using the Modicon M580 ePAC
programmable logic controller for an undergraduate electrical engineering course on industrial
automation. Taking into account projects performed in a course, projects created in clubs, or
company-sponsored projects, at Cal Poly, there currently is not a project that is close to the
project that we are working on right now. Electrical engineering courses that are somewhat
related to the process and methods that we are using are in the EE 329 course, where we had to
use a Nucleo Board from STMicroelectronics. Using the microcontroller in the EE 329 course,
we had various pins that could be configured as an input or output; this was done by
programming the Nucleo microcontroller to operate this way using C programming on
STMicroelectronics. By operating these pins as an input or output, we used various electronic
components that perform certain tasks throughout the quarter, and with these various tasks, larger
projects were eventually created that were built off of those various processes[5].

Comparing EE 329 to the current project that we are currently performing it is somewhat
similar. In both cases, they are a quarter-long course utilizing a controller of some sort that will
be powering/operating a set of electronic components to operate in some type of way depending
on the task that needs to be completed. In EE 329, we used various electronic components that
each had a part of making sure the system worked correctly; this project we are working on is no
different, as we are using fans and a temperature sensor to complete the task of cooling.

A particular distinction between the use of the Nucleo microcontroller and the M580 logic
controller is the idea of input and output pins; the Nucleo board utilized the options to set its pins

to input/output that operate in specific conditions through the code and logic ladders that are



implemented by the students in the lab, whereas the M580 controller will simply be powering the
fans along with having the temperature sensor to regulate the environment through code.

The results of the EE 329’s use of the Nucleo board and our project will be different, in
the sense that there are various projects and tasks that can be done using the Nucleo board,
whereas our use of the M580 in this project is to create a fan cooling system. We also plan to
have the project to be used for various types of situations and focus on energy efficiency, rather
than building some system for the fun of'it.

However, this laboratory will be different as this lab is three hours straight which is a
different variation of a lecture and lab that EE 329 is. Therefore the fan cooling experiment must
be able to be completed in a three-hour session in groups of two to three people. Typical projects
using a PLC are creating an automated system that once logic ladders are created and hardware is
correctly wired the PLC should be able to correctly adjust variables through provided logic in

software and then hardware through I/O pins to fulfill the automation requirements.



Chapter 3: Design Requirements

Design requirements that will need to be met for the students taking this lab,
requirements such as changing the fan count and speed within one second of temperature
changing thresholds. The system created by students should be intelligent in how the fans are
used, fans speed and count should factor in the total power being pulled by the system and
change accordingly to have the best efficiency for the temperature difference. Certain
requirements listed are requirements that we have as designers of this lab, those requirements are
the size and cost of the overall system since the system will need to be distributed to
approximately 10 different lab groups while fitting into our senior project budget. The fans that
we obtain should be low-power consumption fans with a wide range of voltage so that the speed

of the fans can be variable based on the voltage being sent to each fan.

Student Requirements
a) Smart - number of fans in use is adaptive
b) Fast - system should cool quickly
c) Efficient - not over-consuming power

Student Requirements | Justification Engineering Specification

a Once the temperature reaches a Fan speed and the count is
certain point another fan will turn adjusted correctly based on
on and once another threshold is temperature above user

met the 3rd fan will also turn on to | thresholds
reduce power consumption

b, c Fan system should be able to cool | Delay between temperature
the target system quickly and change and fan speed & count
efficiently within a certain change < 1 second

threshold of time based on the
internal temperature

Table 3.1: Student Requirements and Specifications
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Although the focus of our senior project is solely focused on implementing the M580 PLC into

our labs at Cal Poly, we chose to do an analysis also on design requirements in the industry by

taking into account customer requirements.

Customer Requirements
a) Size - fans must be small enough to connect with M580
b) Inexpensive - overall cost of a cooling system is cheap
c) Quantity - must have enough sets to be able to fill an entire lab

Customer Justification Engineering Specification

Requirements

a Fans must be able to connect with M3580 has connections of ethernet and
the M580. series pin connection.|8]

b Fans, although they are important, Fans provide 0-12V adjustable range
should not be a large budget for the | Cost of fans and drivers < $50
entire system. A typical range of
CPU cooling fans is around $50 for
a fan cooling system.[1]

c Every group will need a lab kit to be | There will be approximately 8-10
able to perform labs in separate different groups so there will need to be
groups. equally as many separate kits.

Table 3.2: Customer Requirements and Specifications

The target parameter table below overviews the target units for each parameter such as

cost, number of fans, and time. Along with each parameter is a tolerance and risk factor that

associates with the different parameters, a higher tolerance means that there is not much room for

error in the target of the parameter and a lower tolerance means that there is some room to have

variation in the suggested target. The compliance column of the target parameter table is a list of

methods for requirement verification, those five key requirements are: inspection, demonstration,

test, analysis, and similarity.




11

Parameter

Target

Tolerance

Risk (H,M,L)

Compliance
(A, T.S,])

Test
Equipment
Needed

How fast the
fan changes
speed when
there is a
difference in
temperature
change.

<1 second

Min

ALT

N/A

Maximum
amount of
fans running
at max
efficiency

3 fans

Min

AT

N/A

Minimum
amount of
fans running
at lowest
efficiency
(idle)

0 fans

Max

AT

N/A

Overall cost
of parts

$50

Max

S,1

N/A

Table 3.3: Target Parameter Table

Inspection is the nondestructive examination using one or more of the five senses. The

demonstration is production manipulation as it is intended to be used to verify that the results are

as planned or expected. The test is applying controlled and predefined stimuli to ensure that the

system will produce a specific and predefined output. The analysis is verification using models,

calculations, and testing equipment. Often used to predict the breaking point or failure by

nondestructive tests. The similarity is verification used usually in combination with analysis to

show that an article is similar to another article that has already been qualified to equivalent or

more stringent criteria[7].
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User defined control
parameters

Temperature -

Electrical energy ~ —»

» Operation indicator

Fan Cooling System

> Coaoling

Figure 3.1: Level 0 Functional Decomposition

Figure 3.1 displays the level 0 functional decomposition; there are three inputs and 2 outputs for

the fan cooling system module, and those are listed below in Table 3.4.

Inputs

Outputs

User-defined control parameters

Operation indicator

Temperature

Cooling

Electrical Energy

Table 3.4: Fan Cooling System Module

The “user-defined control parameters” input would come from the student (or customer)

programming certain constraints and tolerances on how and when the fans will operate, and at

what speeds they will operate. Along with that, the “temperature” input would be modeled as

some sort of thermistor that can be attached and read by the PLC as digital to analog values. The

two inputs “user-defined control parameters” and “temperature” will be working in conjunction

with each other; the temperature readings will decide the tolerance and constraints that the

students will program onto the PLC. The “electrical energy” input would be a 120V AC source

that would be provided by utility equipment in the PLC room.
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Figure 3.2: Level 1 Functional Decomposition
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——» Operation Indicator

o Cooling

Figure 3.2 displays the level 1 functional decomposition. Within the “fan cooling system”

module we see 4 modules with their inputs and outputs. The tables below provide the inputs and

outputs for each of the 4 modules presented within the “fan cooling system” module.

Inputs Outputs
Temperature Voltage
Electrical Energy

Table 3.5: Temperature Sensor (Thermistor) Module
Inputs Outputs
Electrical Energy LED Logic
Thermocouple voltage Fan Logic

User-defined control parameters

Table 3.6: PLC Module
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Inputs Outputs

LED Logic Current to LEDS

Table 3.7: LEDs Module

Inputs Outputs

Fan Logic Current to Fans

Table 3.8: Fans Module
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Chapter 4: Design

The design of our 3 cooling fan motor control consists of two sections: a temperature sensor to
sense the temperature of the object and fans to cool the object in question.

.
]
1
53
==

Figure 4.1: Three-Fan Cooling System

The materials used for temperature sensing are a thermocouple and a resistance temperature
detector (RTD). A thermocouple is a sensor for measuring temperature and consists of two
dissimilar metal wires. An RTD is a sensor whose resistance changes as the temperature changes;
the resistance is proportional to temperature, meaning that resistance increases as the temperature
increases; this specific RTD is a three-wire RTD.

- Positive +
r (] d

Negative -
Figure 4.2: K-Type Thermocouple
Positive +

‘ Negative -

Negative -

Figure 4.3: Three-Wire Resistance Temperature Detector (RTD)
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As stated before, the three-fan will turn on and off depending on temperature increases and
decreases over time. Figure 4.3 displays a graph of how the fans turn on and off based on

temperature over time.

85 Degrees

T Cooling Fan 3 On

AREAL TEMP _HHX L. _._._._._ et imEmim e ——————— s / _\_ __________ i

M

— -
AREAL_TEMP_H R / \c T e m

L I Y Y

Cooling Fan 2 On . / {Cooling Fan 3 Off
S _

Y Cooling Fan 1 On /"' Cooling Fan 2 Off l
7

55 10s 15s 20s 255 30s 35s 40s 45s 50s 555 60s 655 70s 75s

Time

Figure 4.4: Temperature Rise Graph

Here are the setpoints for when each of the fans turns on and off:
e AREAI1 TEMP H = COOLING FANI Running (72.5-degree setpoint)
e AREA1 TEMP HH = COOLING_FAN2 Running (75.5-degree setpoint)

e AREA1 TEMP HHX = COOLING FAN3 Running (79.3-degree setpoint)

To prevent large inrush currents during extreme temperature changes, we will stagger the delay

times for each of the fans. Below are the “ON” delays for the fans:
e 2.5secforFan 1
e 3.5 sec for Fan 2
® 4.5 sec for Fan 3

Below are the “OFF” delays for the fans:
e 6.0 sec for Fan 1
e 6.0 sec for Fan 2
e 6.0 sec for Fan 3

If the HVAC system is above the “AREA1 TEMP_ HHX” setpoint (79.3 degrees), we would like
for an alarm “AREA1 ALARM?” to go off if the system has reached that setpoint for more than
10 seconds. We have this precaution because if the device at hand is at this constant temperature,

the device may be damaged for being that high of a temperature.
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Below in Table 4.1 and Table 4.2 provides the bill of materials along with their purchase
links and appropriate datasheets.

Item Description Link Count Price (§)
Modicon M580 ePAC | Ethernet Schneider 1 0
Programmable M580
Automation
Controller
PC Fan Panaflo (already 3 0
FBAOSTI12L acquired)
79mA 12V
Thermocouple Thermocouple Mouser 1 $17.50

Type-K Glass
Braid Insulate

Three-Wire Resistance | RTD Pt100 Sparkfun 1 $16.50
Temperature Detector | Temperature
Sensor

LED 3mm and Smm Amazon 1 $12.40
LED Lights
Emitting Diodes
Assortment Set
Kit

TOTAL | $46.40
PRICE ($)

Table 4.1: Bill of Materials and Purchase Links

PC Fan Datasheet https://datasheetspdf.com/pdf-file/613208/ETC/FBAOST12L/1

Three-Wire Resistance | https://cdn.sparkfun.com/assets/2/4/2/1/c/PT100_DATA SHEET.pdf

Temperature Detector

Table 4.2: Component Datasheets

Chapter 5: Simulation


https://www.se.com/ww/en/product-range/62098-modicon-m580/
https://www.se.com/ww/en/product-range/62098-modicon-m580/
https://www.mouser.com/ProductDetail/SparkFun/SEN-00251?qs=WyAARYrbSna%252BpauN3vosLg%3D%3D&mgh=1
https://www.sparkfun.com/products/17059
https://www.amazon.com/Lights-Emitting-Assortment-Arduino-300-Pack/dp/B00UWBJM0Q
https://datasheetspdf.com/pdf-file/613208/ETC/FBA08T12L/1
https://cdn.sparkfun.com/assets/2/4/2/1/c/PT100_DATA_SHEET.pdf
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For the simulation, we will be using the Unity Pro XLS programming software provided
by Schneider Electric. We will be building a Function Block Diagram using these steps:
1. Open Unity Pro XLS and create a new project under the file tab.
2. Under Modicron M580, select “BME P58 4040
3. In the Project Browser shown in Figure 5.1, click Programs -> Tasks -> MAST ->

right-click Logic, and create a new section.

%a Structural view

------- IS Stationd_FANS_BMS_COM
|_::_| ........... 'S Configuration

Sl B0 02 PLC bus
- - MM o:eME xEP 0800
&R 2:EI0Bus

----------- 9 1:.%30 remote drop

............. ["_-| Derived Data Types
[0 Derived FB Types
| a Variables & FB instances
4 Elementary Variables
------------- @ Derived Variables
------------- @ Device DOT Variables
------------- B 10 Derived Variables
------------- & Elementary FE Instances
------------- # Derived FB Instances
............. D Motion
m J— (1] Communication
............. @ Ethernet Network

- ; a Programs

E| ........... a ngic
Cooling_Fans
ZOME_LED

- BULDIMG_LIGHTMING
R PLC_COMM

E— ["_-| SR Sections

[ B Events

[(Z] Timer Events

b [F] 100 Eveents

------------- [Z1 Animation Tables

------------- 21 Operator Screens

[ &, Documentation

Figure 5.1: Project Browser for Simulation Setup
4. From there, you can name your file and start adding/creating function blocks by selecting

“Data Selection” and using the appropriate function blocks.



19

Looking at Figure 5.2, we see various inputs along with their value types. The variables
that we will be focusing on are: “AREA1 TEMP H”, “COOLING_FANT1”,
“AREA1 TEMP HH”, “COOLING_FAN2”, “AREA1 TEMP HHX”, “COOLING_FAN3”,
AND “AREA1 TEMPERATURE”, where “AREA1 TEMPERATURE” is the input that we will

be altering for this simulation.

= = 0
Mame - Walue Type - Comment
+-30 FAN1_TON TON
& AREA1_TEMP_H 0 EBOOL Area 1 High temperature alarm
+-3 RS_1 RS
& COOLING_FAN1 0 EBOOL
+-J TON_3 TOMN
+-fF FANZ_TON TOMN
% AREA1_TEMP_HH 0 EBOOL Area 1 High High temperature alarm
+-Jk RS_2 RS
% COOLING_FANZ 0 EBOOL
+-fF TOM_5 TOMN
+-fF FAN3I_TONM TOMN
& AREA1_TEMP_HHX 0 EBOOL Area 1 High High Xtreme temperature alarm
+-Jk RS_3 RS
& COOLING_FAN3 0 EBOOL
+-F TOM_7 TOM
& AREA1_TEMPERAT... 70.0 REAL Real value K-TYPE Thermocouple sensor 1

Figure 5.2: Simulation Variables

In Figure 5.3, we see three “greater than” blocks comparing two inputs:

“AREA1 TEMPERATURE” and some set value, which is the threshold value. What these
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functional logic blocks are essentially doing is comparing room temperature with some threshold
value; if the “AREA1 TEMPERATURE” value is greater than the threshold value, the output

“AREA1 TEMP H”, “AREA1 TEMP _HH”, or “AREA1 TEMP_ HHX” will go high.

A ' ’ ’ 2

5 ' ' 8

GE : : GE

AREAT_TEMPERATURE—IN1  OUT[—AREAT_TEMF_H - AREA1_TEMFERATURE— N1 OUT[—AREA1_TEMF_HH -
. 71.5—INZ : : T4.5— IN2 '

GE

AREA1_TEMPERATURE—IN1  OUT —AREA1_TEMP_HHX
: TH.I— N2 :

Figure 5.3: Temperature Threshold Functional Logic

The functional logic for each of the cooling fans is shown below in Figure 5.4. When
“AREA1_TEMP_ H” is high, fan 1 turns on after a 2.5s delay, but when “AREA1 TEMP H” is
low, fan 1 turns off after a 6s delay. When “AREA1 TEMP HH” is high, fan 2 turns on after a
3.5s delay, but when “AREA1 TEMP_HH” is low, fan 2 turns off after a 6s delay. When
“AREA1_TEMP HHX is high fan 3 turns on after a 4.5s, but when “AREA1 TEMP_HHX” is

low, fan 2 turns off after a 6s delay.
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FAN1_TOMN RS_1
B ] 11
TOM : RS
AREAT_TEMF_H—IN Q 5 Q1 |—COOLING_FAN1 -
#2 55— PT ET|— R1 .
5 TON_3
10
AND TOM
ARES&1_TEMF_H—oIN1  OUT 1M Q
- COOLING_FANT—] N2 B s [0 ETI—
FAMZ_TON : RS 2
] ) ) 15
TON : : RS
AREA1_TEMF_HH—]In Q 5 Q1| —COOLING_FANZ
#2355 pT ET}— R1 .
A TON_E
1 1
AND TON
AREAT_TEMF_HH—{IN1  OUT 1M Q
- COOLIMG_FANZ— N2 o Ees|pT ETI—
FANI_TON : RS 2
18 ] 19
TOM : RS
AREAT_TEMP_HHX— N Q 5 Q1| —COOLING_FANZ -
4 55— PT ETH— . R1 .
8 TON._T
1 18
AND TON
AREA1_TEMP_HHX—o{ M1 OUT I Q
- COOLING_FANZ— N2 wes—|pT ET—

Figure 5.4: Functional Logic for All 3 Cooling Fans
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1 2 3
H L T
GE GE &
AREA!_TEMFERATURE—| N1 OUT [—AREAI_TEMF_H AREA!_TEMFERATURE—{IN1  OUT [—AREAT_TEMF_HH AREA1_TEMPERATURE—{INt  CUT [ —AREAT_TEMF_HHX
kil TAE|IN2 N2
Ama 1TC Coding F- ints. Times CresedOn /O Hystar= & br eaoh Fan Votor St (SDporcul. Segaed

Stert delays to Imi motorinrush cuTant

FANI_TON RS_1 FANZ_TON RS2
k] . 1 . . . 12 . . 15
ToN RE ™ RE
AREA1_TEMF_H—IN Q Q1 —COOLING_FANT - AREAT_TEMR_HH—IN Q Q1 (—COOCLING_FANZ
2. FT ET— R1 - #3.55—PT BT — R1 -
5 T3 4 TN
E] 10 13 4]
AND TN AND TN
AREA1_TEMF_H-ofiN1  OUT IN Q| AREAI_TEMF_HH—lIN1  OUT IN Q|
COBLING_FANT—{Ine #8s—FT L T COGLING_FANZ—INZ BES— FT L

T i
o RE
AREA1_TEMF_HHX{IN Q = @1 |-COTLING_FAN3
BAEEPT  H— R
I3 TaNT
EE 13
AND TN
AREAT_TEMP_HHI-IN1  OUT IN Q
- COOLING_FANI 1N @35 FT 3

Figure 5.5: Complete Functional Logic Diagram for Simulation

The next step is to analyze the logic diagram under different temperature inputs. In Figure

5.6, we tested the temperature increase to 70 degrees, which resulted in no fans turning on.

&= 1TC Coolng Fans tumed on from emperstu = threshold points Timer created On /OF f Hysteresis for each Fan Motor 3 art/Stop crcut. . Staggered
Statdalays b limt motor nnshoumnt,

4
TN
L + |
o afe

Figure 5.6: Simulation for Temperature Increase to 70 Degrees
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In Figure 5.7, we tested the temperature increase to 72 degrees, which resulted in fan 1 turning

on.

Ara 1 TC Cooling Fans tumed on from Emperatu & threshold points Timer creaed On/Off Hysteresis for ech Fan Motor 3 art/Stop circut.. Staggered
Startdeiays i limi motor nnsh curent.

4|
N
-
o[ coome

E ]
MD TN
o L aur L Q)
iz L o —t=0s

Figure 5.7: Simulation for Temperature Increase to 72 Degrees
In Figure 5.8, we tested the temperature increase to 75 degrees, which resulted in fan 2 turning

on.

Ar= 1TC Cooling Fans tumad on from Emparat = thrashold points. Timer creted Ch/OF Hystaresis for e Fan Motor SrtStop Grelt.. Staggered
Startdelsys o fimit motor insh curent

E
ON
LU+
ol soms

E 1]
ND oN
Ml ouT L qf
2 3 T [—tE0s

Figure 5.8: Simulation for Temperature Increase to 75 Degrees
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In Figure 5.9, we tested the temperature increase to 80 degrees, which resulted in fan 3 turning

on.

re 1 TC Cooling Fars tumd on From Emparsiure fhreshold poirts, Timer reaied On/CFE Hysteresis for 2xoh Fan Motor 3056 Grod.. Saggered
Statdays o limt motor hushoursnt,

E

oN
LU |
ol wome

E L
~ND N
< T L af
N2 , T —t#0s

Figure 5.9: Simulation for Temperature Increase to 80 Degrees
In Figure 5.10, we tested the temperature decrease from 80 degrees to 75 degrees, which resulted

in fan 3 turning off.

Figure 5.10: Simulation for Temperature Decrease from 80 to 75 Degrees
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In Figure 5.11, we tested the temperature decrease from 75 degrees to 72 degrees, which resulted

in fan 2 turning off.

1 H
GE GE
20— ouT 20—  our
e -]

‘Area 1 TC Coolng Fanstumed on from temperature tireshodd points. Tmer created OniD 1T HysteresE for each Fan Motor Start'Stop cincut. Stagoered Startdeays.
o mtmotor nush current

Figure 5.11: Simulation for Temperature Decrease from 75 to 72 Degrees
In Figure 5.12, we tested the temperature decrease from 72 degrees to 70 degrees, which resulted

in fan 1 turning off.

Area 1 TC Coolng Fans umed on from tmperature threshol! ponts. Tmer created OO ff Hysteresis for each Fan Mofor StartStop creut. Staggered Startdeys
o Imtmotor rush curent

4] B
TON TON

N o L o
PT  ET|—t#0s PT  ET|—t0s

E & 9 10
AND Ton AND Ton
qm1 - out N [ <1 out - IN Q
Nz FT ET [—t#710ms mz FT ET [—t#Ds.

Figure 5.12: Simulation for Temperature Decrease from 72 to 70 Degrees



Temperature (°C) Increase/Decrease Fan 1 Fan 2 Fan 3
70 Increase off off off
72 Increase on off off
75 Increase on on off
80 Increase on on on
75 Decrease on on off
72 Decrease on on off
70 Decrease off off off

Table 5.1 Temperature Increase/Decrease Results

Based on our tabulated data in Table 5.1 of the simulation and our expected results,

everything matched up, meaning our Functional Logic for our HVAC system is efficient.
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Chapter 6: Conclusion

We highlighted a particular design using the PLC, which is the “Three Fan Temperature
Controller”. The use of this cooling system is to replicate the idea of an HVAC temperature
control in an industrial setting. Such HVAC systems are implemented in large data centers
needed to monitor and control the temperature of internet-connected server racks. Monitoring the
facility's utility power, power quality, generator back, uninterruptible power supply systems
(UPS), lighting, and temperature control are all part of standard HVAC systems.

Even though the “three-fan cooling system” is being built on a small scale, the project is
a good introduction to automation and control logic in an industrial setting. This EE course will
also be a way for students to practice using a PLC and writing some logic for whatever project
they are doing. Utilizing Schneider Electric’s Unity Pro XLS program to simulate their design

before physically creating it is also a great skill and practice for engineers in both labs and work.
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Appendix A: Scheduling

September October November December
Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8 Week 9 Week 10 Week 11 Finals
MTWRFM T TWRFM TWRFMTWRFMTWRFMTWRFMTWRFMTWRFMTWRFMTWRFM TWRFM TWRF LaborHours
EE 460 19 26 3 10 17 24 31 7 14 21 28 5 ta tm tb
Project Plan 28.4583333
Abstract 1.3 2 2
Customer Requirements and Justification 25 3 25 25833333
Reputable Resources 3 9 5.5 5.6666666
Engineering Expectations 0715 1.2 1.1666666
Project Parameters 3 5 3.5 3.6666666
Competitors 0.5 1.2 0.7£0.7916666
PRD 7 10 8 8.1666666
Functional Decomposition 0515 1 1
Concept Generation 1 215 15
Gantt Chart 05 1078 0.75
Work Breakdown Structure (WBS) 0.5 1 0.5 0.5833333
Cost Estimates 0.5 1 0.5 0.5833333
Preliminary Design Review 0
Figure A-1: Fall Quarter 2022 Gantt Chart
January February March
Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8 Week 9 Week 10 Finals
MTWRFM TWRFM TWRFMTWRFMTWRFMTWRFMTWRFMTWRFMTWRFMTWRFM TWRF Labor Hours
EE 461 9 16 23 30 6 13 20 27 6 13 20 ta tmtb
Detailed Design 45
Design and Component Selection 225 3
Search for Components 1.2 3
C: and 25
Bill of Components 05 1 1
Order and Acquire Components 115 15
Software Simulation 8
Implement Functional Block Diagrams 2 3 5
Implement Ladder Logic 2 3 5
Results Analysis 1.2 3
System Integration 12
Component Test 3 5 6
System Test 2 4 5
Acceptance Test 2 3 3
16.5 27 35.5 30.916¢
Figure A-2: Winter Quarter 2023 Gantt Chart
MARCH APRIL MAY JUNE
5 Week 1 Week 2 Week 3 Week 4 Week 5§ Week 6 Week 7 Week § Week 9 Week 10
Spring 2023
M|T‘ \\'|R|F M| T|\\'|R|F M|T‘ \\'|R|F M| r|\\'|R|F xdr| ‘.\'|R‘ F M|T| \\'|R|F M| r|\\'|R|F M| r| \\'|R|F M|T‘ \V|R|F M| I‘|\\1R‘F
i 3 11 ji 2 3 i) 17 bl 7
Design (For Chapter 4)
Design Equations
| Component Selections
Circuit or System Design
Computer Simulation (For Chapter 5)
Simulation Setup FINALS
Simulation Results WEEK
DataResults Analysis
PCE Layout (if applicable)
Report Writeup
Chapter 4 A
Chapter 5 A
Chapter 6 A
Final Report Submission
A Assignment Due

Figure A-3: Spring Quarter 2023 Gantt Chart
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Appendix B: Bill of Materials

The whole function was decomposed into smaller singular elements which we either already have the
parts or can purchase the parts to build the whole system.

The partial functions of the system are going to be implemented using the EcoStruxure control expert app
to interface with the PLC. Other partial functions are going to hardware such as an RTD (resistive

temperature detector) and fans to implement the actual cooling system

Table 9: Cost Estimates

Partial Function Most Likely Most Pessimistic | Most Optimistic PERT Estimate

M580 PLC XX XX XX XX
(already supplied)

Temperature $4.50 / part $7.00 / part $2.00 / part $4.50 / part
Sensor (RTD)
(RTDs and
Thermocouples
supplied)

Fans (3 fans per $11.95 / part $13.31 / part $9.75 / part $12.49 / part
set)(8 sets)

Power Supply XX XX XX XX
(voltage supplied
from M580)

Estimate = (optimal + 4*likely + pessimistic)/6 [6]
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Appendix C: ABET Analysis for Cooling Fan System

Functional Requirements

The purpose of my project is to create a fan-cooling system that will be used to cool down
electronic components. The fan-cooling system will have three fans that will operate at 12V
each. The fans will vary at different speeds and will turn on and off appropriately depending on
the temperature of the component that is being cooled. An M580 PLC from Schneider Electric
will power these varying speeds through the programmed logic. All functionality, from the
varying fan speed to sensing the temperature of the electric component, will be controlled and
programmed from the M580 PLC.

Primar nstraint

Some constraints that may be applied to my project may be the range of control we can have
using the program offered by Schneider Electric on the M580 PLC. Generally, my project is
focused on displaying the power of the M580 PLC, and how effective PLCs are in the industry.
Since I am specifically designing a fan-cooling system using the PLC, I have to consider exactly
what the PLC is capable of doing for the fan-cooling system to function properly. Constraints
such as how easy it is for the PLC to vary the voltage for each of the fans to operate through
code. Along with that, how we can connect a temperature sensor to the PLC, and how easy it will
be to program the PLC to respond/react with the temperature sensor.

Economic

This project has an interesting economic effect. Although the fans are the most important part of
the project, the fans and the temperature are very cheap compared to the PLC itself. Comparing
the fans to fans similar to those used in PCs, the fans will cost at most $35. A temperature sensor
won’t cost that much either; assuming we are using something similar to a thermistor, at most the
temperature sensor will cost at most $5. The PLC itself is worth at least $5,000, which is to be
expected for most PLCs. The M580 PLC will be manufactured and provided to us all by
Schneider Electric; a device of such high cost will be built to be very durable. The
components/devices that will be connected to the PLC will most likely be replaced quicker than
the PLC itself, in this case, the fans and the temperature sensor. There will most likely be no
need to replace or get rid of the PLC if the project is not needed anymore; we can just disconnect
the components and use the PLC for another project. The PLC is capable of adding additional
ports that can be used to add more components to the controller, so the usability of the PLC is
immeasurable. With this being said, the reusability of the PLC for projects other than a fan
cooling system is easily possible.
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Commercial Basis

Although PLCs may seem like a very small mechanism, the device is capable of doing many
different types of functions. The range of ways this PLC device can be used is beyond
measurable; as with any controller that could be programmed to do certain functions, this PLC is
capable of doing that and more. Since PLCs are so expensive, Schneider Electric can’t pump out
as many devices as they would like as freely as they want. With that said, the M580 PLC won’t
be manufactured on a commercial basis due to the high cost of these devices. PLCs in general are
typically not manufactured on a commercial basis, they are more-so produced for industry use
due to how powerful they are and the range of functionality they can be programmed to do, and
the M580 PLC will be no exception. Since the PLC won’t be produced on a commercial basis,
the cost of the PLC will most likely be fixed. This will be favorable for the targeted customers,
which are those in the industry since they won’t have to worry about sudden price increases. The
only time the price will increase will be when there is a shortage of the parts needed to build the
device; this will likely occur during a pandemic, where it is hard for the manufacturers to obtain
the parts to build the device. There will most likely not be a large-scale production of these
devices, just necessary purchases at a certain amount that is ordered from certain companies.
These devices will most likely not be on much retail due to how limited the devices will be
produced from Schneider themselves; but if/when they are put on retail, the price may most
likely increase due to how rare it would be to an average consumer.

Environmental

My project will have hardly any effect on the environment, both good and bad. As stated in the
economic section, the PLC itself will be re-used for another project other than the current project
it will be used for. The components that are connected to the PLC will be the only variables
affecting the environment. The components attached to the PLC can be reused for other
applications and applicable devices. For my project, the fans and the thermistor will be the only
components that will be replaced/disposed of. The fans can be attached to another PLC or
another allowable device but at the expense of any wear or tear of the fans themselves. The
thermistor can also be re-used on another device, but will also be at the expense of the gradual
deterioration of the thermistor after prolonged use. PLCs can be used for any sort of project, so
the effect of reusability determines what type of project the PLC is a base of. But if we are
speaking based on simply the PLC being reproduced on a small/large scale, we won’t have to
worry much about any negative effects on the environment, simply because the M580 PLC can
be re-used for limitless projects.
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Manufacturability
As stated before, Schneider Electric is the company sponsoring the project and providing us with

the PLC that will be used as the base of my project. The external parts that will be connected to
the PLC, which are the three fans and thermistors, will be pre-bought by other manufacturers.
For our project, we won’t have to worry about personally welding any certain plastics or metals.
For this project, we won’t have to worry about any sort of tolerances, operating temperatures, or
voltage ranges with our components, since the PLC can handle most types of voltage conditions.
All that we have to worry about is making sure we don’t provide too much power to our
components and overheating the components to the point where they won’t operate properly or
can’t be reused anymore.

Sustainability
This project does promote the idea of sustainability due to the reusability of the PLC. The project

will have hardly any harmful effects to the environment since you can reuse the fans, the
temperature sensor, and the PLC. The economic effect of the project is not much either; as stated
before, the PLC is the main part of the project and is mostly manufactured for industry use and
not for the average consumer. The societal effects won’t be much either, since a fan cooling
system at this measure won’t be used commonly for normal cooling of electronic components.

Ethical

This project won’t have to worry about any ethical problems at all. A fan cooling system used to
cool down overheating electronic components will not harm any sort of group in any fashion.
The only application this project will be used for is cooling down electronic components in a
confined space. This project will also have no violation in regard to the IEEE Code of Ethics
either. The first code for the IEEE Code of Ethics talks about paramount the “safety, health, and
welfare of the public”. This project will have no effect, good or bad, on the general health, safety,
and welfare. The sixth code for the IEEE Code of Ethics talks about maintaining and improving
“technical competence and to undertake technological tasks for others only if qualified”. This
project uses the M580 as the base of power and requires no specific certification to use this
controller. The project is meant to be a simple use device that most people can use without
worrying about any potential harm to themselves.
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Health and Safety
Those using this project won’t have to worry much about safety measures before using the

system. The PLC is capable of powering up to 120V, which is a large amount of voltage that
some people will have to notice. For this particular project, the fans will be using at most 12V to
operate and power appropriately. And for the temperature sensor, if we are using a thermistor,
there will hardly be any sort of current going through it at all. The only safety precaution the user
will have to worry about with this fan cooling system is the speed of the fans. Any electronic
device that is rotating at high speeds is very dangerous, as it can cut or severely harm anyone
who touches it. Along with that, the fans themselves possibly malfunction due to any sort of
mishap within the PLC, which is very unlikely due to how the PLC is built and will be
programmed. The disposal factors of this project won’t have any health effects due to all of the
parts being reusable, so these parts will most likely not be dumped anywhere.

Social and Political

There are three stakeholders for this project: Schneider Electric, the professor being sponsored to
display this device, and the students who are using the device. Schneider Electric is a stakeholder
because they are the manufacturers of the device who allow us to use their device. The professor
displaying this device is another stakeholder since they are being sponsored to use this device
and display its functionality and power. The students are another stakeholder since they are the
ones using the device and understanding the power of the device in the labs. The project will
have little to no effect on the societal and political realm. Society will not have to worry about
this project affecting them due to the fact the PLC is not always available to the average
consumer. There are hardly any political effects due to the PLC not having hardly any economic
effects. There will also be no harmful environmental effects due to the reusability of the
components in the fan cooling system. The concept of NIMBY applies here because this project
won’t be a device that an average person will have. The PLC is a large costing device, if a
consumer would like to purchase a fan cooling system for specific small electronic components
they would purchase a much cheaper and smaller fan cooling system.

Development
The development of this project does require some knowledge of how the system should work

along with some knowledge of coding. We would need to know how to use the programming
software offered by Schneider Electric, as that is the software that will be needed to program the
PLC to use the fans. Some techniques that will be needed is understanding how the fans work;
knowing that a certain voltage will produce a certain fan speed needs to be understood for
developing this project. Knowing these techniques and understanding what needs to be done for
this project to be successful is crucial and sufficient for this project to work smoothly
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