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Abstract

This thesis describes the designing and
development of a desalination unit
motherboard. The board replaces the
currently used control unit. Its main goal
is to reduce the production cost while
adding additional features.

The production process is managed by
a microcontroller. It also evaluates the
data from sensors. The user interface
is provided by an LCD and a rotary
encoder. It informs the user about the
current production state and shows
the temperature and pressure in the
system. The serviceman can also use it
to change the production settings to fit
local conditions.

I was able to create a working proto-
type of the control board. I successfully
uploaded the firmware to the microcon-
troller and tested all the device features.
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Abstrakt

Tato prace popisuje nédvrh a vyvoj
zéakladni desky odsolovaciho zarizeni.
Deska nahrazuje aktualné pouzivanou
fidici jednotku. Hlavnim cilem projektu
je snizit vyrobni naklady a pridat dalsi
funkce.

Vyrobni proces je fizen mikrokontro-
lérem. Ten také vyhodnocuje data ze
senzort. Uzivatelské rozhrani zajistuje
LCD a rotacni enkodér. Informuje
uzivatele o aktudlnim stavu vyroby
a zobrazuje teplotu a tlak v systému.
Servisni technik jej také mutze pouzit ke
zméné nastaveni vyroby, aby vyhovovala
mistnim podminkam.

Podarilo vytvorit funkéni prototyp 1i-
dici desky. Uspésné jsem nahrél firmware
do mikrokontroléru a otestoval vSechny
funkce zarizeni.

Kli¢ova slova: Odsolovaci zarizeni,
odsolovacka, reverzni osmoza,
mikrokontrolér, relé

Preklad nazvu: Névrh zakladni desky
pro odsolovaci zarizeni
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Chapter 1

Introduction

The desalination unit, desalter, is a device used to produce freshwater from
regular seawater. I will describe the processes used for water desalination. I
will also write about thermal technologies such as s multi-stage distillation,
multi-effect distillation, vapor compression distillation, and solar distillation.
I will discuss membrane technologies such as electrodialysis, electrodialysis
reversal, and reverse osmosis. I am also planning to address the ecological
risks connected with desalination.

The main focus of my work will be to design a device, which will replace
the currently used control unit. The current unit uses discrete timers and
relays to control the production process. My goals are to reduce the price and
production time while adding additional features. I am planning to create a
click-in module, which will easily fit into any usual fuse box. It will simplify
the installation process to just connecting the wires to the terminals.

I decided to control the board using a microcontroller. I will design my
own firmware to manage the whole production process. It will provide a user
interface, evaluate the data of the sensors, and control the desalter using
relays. I will also implement input protections, a relay switching circuit, zero
sensing, and a phase sensing circuit.

I will design my own PCB for this project. I am also going to pick all the
parts and components. In the end, I am planning to manufacture a functional
prototype and test all the functions of the board in laboratory conditions.






Chapter 2

Desalination

Desalination, also called desalting is a process of removing salts from water.
This process uses otherwise unusable sources like seawater, brackish, or highly
mineralized waters and converts them to fit for human consumption and
industrial applications. The desalination process requires large amounts of
energy, usually provided by a power grid. [2] Due to this reason, desalters or
desalination plants are used only where sources of freshwater are not available.
The picture below shows freshwater availability in the world. Most of the
desalination plants are located in the yellow and orange regions.

\ "m:
. Q
Freshwater availability, }
cubic metres per person and per year, 2007, 4 /
Scarcity
Source: FAO, Nations unies.
World Resources Institute (WHI). l’ r J—Vulnevahmy

Data non available

0 1000 1700 2500 6000 15000 70000 684 000

Figure 2.1: Freshwater Availability

B 21 History

The desalting of seawater was known already in ancient times. Aristotle
described an evaporation method used by Greek sailors of the 4th century
BCE. In the 19th century, the first patent for the desalination process was
granted in England. That was due to demand for noncorroding water for
ship boilers, used to power steam engines. In 1869 the first desalination plant
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2. Desalination

was built in Aden, to supply ships at the Red Sea port. By 2019, there were
about 18000 desalination plants in the world, producing over 95 million cubic
meters of freshwater every day [5].

B 2.2 Desalination technologies

The primary technologies used around the world for desalination are thermal
desalination and membrane desalination. Thermal desalination is primarily
used in the Middle East. Major thermal processes are multistage flash
distillation (MSF), multi-effect distillation (MED), and vapor compression
distillation (VCD). Another method is solar distillation, used primarily for
small production rates [6].

B 2.2.1 Thermal technologies

B Multi-stage flash distillation

Multi-stage flash distillation uses multiple chambers, in which the water
is heated and pressurized. As the water progresses through the chambers,
pressure is reduced, causing water to rapidly boil. The vapors contain only
fresh water and the salt and other minerals remain solid. The steam is then
condensed and collected as a product[6].

sectior heat recovery section
1st stage 2nd stage Nth stage
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feed
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i l feed
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condensor :
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condensate
1o waste

Figure 2.2: Multi-stage flesh desalination process

B Multi-effect distillation

Multi-effect distillation uses similar principles to multi-stage flash distillation.
The only difference is that instead of using multiple chambers of a single
vessel, MED uses successive vessels. The water vapor that is formed when
the water boils is condensed and collected. The multiple vessels make the
MED process more efficient [6].

B Vapor compression distillation

Vapor compression distillation can be used separately or in combination with
other thermal desalination processes. The process uses heat from compressed
vapors of freshwater to heat the brine. VCD is usually used to produce
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2.2. Desalination technologies
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Figure 2.3: Multi-effect distillation process

small to medium volumes of fresh water and is mostly used to supply resorts,
industries, and petroleum drilling sites [6].
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Figure 2.4: Vapor compression distillation process

B Solar desalination

The desalination process can be as simple as evaporating some water and
condensing the vapors. This principle founds great usage in solar-powered
desalters Water vapors, created by solar radiation, are condensing on
a clear cover and collected by side channels. Although this process is very
simple, it’s practically unusable for large productions. The large required
area and a need for manual removal of the salt make it minor technology for
water desalination [6].

Basic elements in a solar still

1) Incoming radiation (energy)

2) Water vapor production from brine

3) Condensation of water vapor (condensate)
4) Collection of condensate

Incoming o
solar
radiation

(t S,
]
g Gq:g:”! r:;%agb
s |, lon

Distillate [ &
or

Collection of
condensate d I

Figure 2.5: Example of a solar still desalination process



2. Desalination

B 2.2.2 Membrane technologies

Membrane desalination processes use membrane as a physical barrier. The
driving force can be electrical potential used in electrodialysis and electro-
dialysis reversal, or a pressure gradient, used in reverse osmosis. Membrane
technologies often require pretreatment to limit blockage of membrane surface

B Electrodialysis and electrodialysis reversal

The membranes used in electrodialysis and electrodialysis reversal allow either
positive or negative ions (atoms or molecules that have a net positive or
net negative charge) to pass, but not both. Common ions in saline water
are sodium, chloride, calcium, and carbonate. The membrane uses electrical
potential to attract oppositely charged ions, producing fresh water on the
other side. The electrodialysis reversal process works very similarly, the only
difference being that the polarity or charge of the electrodes is switched
periodically. It helps to remove scaling and other debris from the membranes
thus extending the system’s operating life [6].
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Figure 2.6: Example of an electrodialysis process

B Reverse osmosis

Reverse osmosis uses a pressure gradient to move saline feed water through a
membrane that prevents the salt ions from passing[6].

High Membrane
Saline pressure assembly
feedwater pump Freshwater
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7
Stabilized
freshwater
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Figure 2.7: Basic components of membrane treatment process



2.2. Desalination technologies

There are several membrane treatment processes, including reverse osmosis,
nanofiltration, ultrafiltration, and microfiltration. The pore sizes of the
membranes differ according to the type of process[6].

—|  Aaueous sats
| Humic acids
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Figure 2.8: Range of nominal membrane pore sizes for reverse osmosis, nanofil-
tration, ultrafiltration, and microfiltration

Due to the small pores in the RO membrane, water has to be pretreated,
before passing through it. The pretreatment can be chemical, to prevent
biological growth and scaling, or physical, to remove any suspended solids[6].

The RO membrane is constructed in a spiral pattern. There are layers of
feed water and brine spacing, RO membrane, and a porous product water
carrier wrapped around. Salty water is faded under high pressure to the feed
water and brine spacing. The pressure gradient pushes the water through
the RO membrane and the freshwater continues to the porous product water
carrier. It allows the freshwater to flow to a product water tube, where it’s
collected[6].

Feed water
— Membrane (cast on fabric backing)
f Porous product water carrier
Feled waler and Membrane (cast on fabric backing)
brine spacer eed water and brine spacer-
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*  Feed water

PEE

Brine or
concentrate .—

The product water flows through the porous

Product material in a spiral path until it contacts and flows
water Brineor .3 through the holes in the product water tube
concentrate

Figure 2.9: Cutaway view of a spiral reverse osmosis membrane element



2. Desalination

To enable each pressure vessel to treat more water, the individual membrane
elements are connected in series. The water passing through the membrane,
it’s too clean to be consumed. Post-treatment has to be done to make the
product drinkable[6].

Anti telescoping Brine
Pressure \reseal\ support sl Soap ing
Product i i I End cap
water Merib Memb: Memb
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Bt < element element element ——Feedwater
cutlet L =l I inlet
Brine seals O-ring

connector

Figure 2.10: Cross section of a pressure vessel with three membrane elements

B 2.2.3 Ecology

The desalination process has a product and by-product stream. The product
stream contains pure water with some dissolved solids and together they
create produced freshwater. The by-product of desalination is called brine. It
contains higher concentrations of dissolved solids and salts, some pretreatment
additives, organics, microbial contaminants, and particulates rejected by RO
membranes [15].

Brine disposal method Principle and description % of total
capacity
Deep well injection Brine is injected into porous subsurface rock formations 13
Land application Brine is used for irrigation of salt-tolerant crops and grasses 8
Evaporation ponds Brine is allowed to evaporate in ponds while the remaining salts 4
accumulate in the base of the pond
Sewer discharge Discharge of brine into an existing sewage collection system. Low in 27
cost and energy
Seawater discharge; Brine is discharged on the surface of seawater. The most common 45
Surface method for all big desalination facilities worldwide
Seawater discharge;  Brine is discharged off shore through multiport diffusers installed on the 45
Submerged bottom of the sea

Figure 2.11: Most common brine disposal methods in the United States[I5]

B Brine risks

Brine treatment can be quite problematic. It’s usually being disposed back
into the seawater which increases the salinity of the seawater near the desali-
nation plant, negatively impacting the local marine life. It may also contain
pretreatment and membrane cleaning chemicals, metals from the corrosion
of the system (Cu, Fe, Ni, Mo, Cr) and other contaminates. The discharge
pipes can impact nearby aquifers from leaks and creates permanent damage
due to its infrastructure[15].
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Advantages

Can be used for all plant sizes
Cost effective for medium to large
brine flow rates

Low construction and operation costs
Easy to implement
Low energy consumption

Suitable for inland desalination plants
Moderate costs
Low energy consumption

Easy to construct and operate
Inland and coastal use

Easy to implement and operate
Inland and coastal use

2.2. Desalination technologies

Disadvantages

Brine may have negative impact in the
aquatic ecosystem

Difficult and complex permit
procedures

Limited to small size brine flows
Potential adverse effects on WWTP
operations

Possible only if deep confined saline
aquifer is available
Potential groundwater pollution

Limited to small brine flows
High footprint and costs

High footprint and costs
Limited to small plants

: Comparison of Brine Management Methods[15]

B Brine disposal methods

The most common alternative is surface water discharge because it can be
used in all sizes of desalination plants. Sewer disposal is very popular for
small plants. A deep well injection is most suitable for medium and large
island plants. Land evaporation ponds are often used where the climate and
soil conditions provide high evaporation rates[15].
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Chapter 3

Implementation

The first version of the board was created mainly to verify the working
principles of the individual design blocks. Usually, most of the errors on the
board is being created simply by inattention. Stuff like mismatched pinout of
the components or inappropriate layout of the board is the most common.
There were also several issues with the individual designs. My goal for this
board was to repair all of these mistakes temporarily to prove the working
concepts. In the end, I was able to successfully upload the firmware, measure
some data on the real board and compare them to the simulations.

. 3.1 Hardware

The hardware part of the board was designed with a focus on simplicity
and durability. The device wasn’t designed to be serviceable, so every fault
would mean the replacement of the whole module. The rigidity of the system
was supported by choosing parts, that could stand large amounts of abuse.
There are a lot of discrete components used. The reason is that the discrete
components can usually radiate much more heat, and can be measured
individually during the design process.

B 3.1.1 Mechanics

The board dimensions were chosen for the final product to fit a regular fuse
box. When complete, it should be used as a click-up module. This way, it
should be able to fit any regular electronic box. There would be also circuit
breakers and contactors situated in the same box. This way, the design should
be compact, safe, and good-looking. The device itself consists of two boards.
The bottom board contains most of the electronics and the top board contains
the user interface.

B Layout

The layout of the board was defined by the position of the terminals. Indi-
vidual blocks were situated to create short copper traces, especially the relay
part of the board. The bottom board contains most of the electronics and
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3. Implementation

Relay switching, protection and signalization Alarms, reset and phase sensing terminal

Alarm
¢ 1/0 Expander c
: [_oEpander || uputs | Phase [€
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0 e Power input| | 0
Sensor input protection protection r
Main voltage terminal Sensor inputs terminal

Figure 3.1: Layout of the functional blocks of the bottom board.

also one of the microcontrollers. The important function of this board is to
protect the user from the main voltage. All of the power electronics, where
the main voltage can be present are located here. This board is hidden in the
fuse box with all the other power electronics and can not be accessed by the
user while operated. There is also visual reasoning behind it. All the wires
plugged into the wire terminals don’t look good. This way it’s all covered by
the fuse box and the user sees just the top board.

The top board contains a user interface, which consists of an LCD, rotary

Micro- Rotary oiP
ontroller encoder switches

Display

~0+ADd3300
~omrnO®3300N

Figure 3.2: Layout the top board.

encoder, and DIP switches. The maximal voltage on this board is 5V DC,
which is safe to touch. It’s important because this part could be accessed by
the user. There is a microcontroller and a couple of passive components on
the backside of the board. Last but not least, there is a pair of connectors,
which not only connects the boards but also serves as a mechanical spacer of
the boards.

B PCB characteristics

The choice of the materials used to produce the boards was forced by the
production costs. The base material is 1.6mm FR-4, which is the most
common material for PCBs. Both of the boards are 2-layer boards with loz
thickness of copper layers. These specifications are perfectly usable for the
top board, but the bottom board could have been better. There is a lot of

12



3.1. Hardware

flex in the board when connecting wires to the terminals. The high current
traces on the board could have a thicker layer of copper. It would result in
lower temperatures of the traces while operating.

B Housing

The device will be located in a fuse box. This fact also determines the physical
dimensions. When I was creating this board, I looked up the dimensions of a
typical circuit breaker as a reference for width and height. The length was
determined by the size of the wire terminals and the number of accessories 1
need to connect to the board. It ended up being the size of 12 circuit breakers
next to each other.

B 3.1.2 Parts and components

Selecting the right parts for the board was the most time-consuming part
of the whole project. They were chosen by a lot of criteria. Probably the
biggest factor was the price. Cost reduction was one of the main goals of this
project. I was also trying to use as few types of parts as possible to keep the
populating costs down. Sadly the availability of all the electrical components
is a huge issue today. Due to this reason, there have to be often compromised.

B Display

For the display, I used an Eses 12C 20x4 LCD module. It’s easy to use
and I had a previous experience with it. The module contains the LCD
and a PCF8574 8-bit 12C I/O expander which is used to save pins on the
microcontroller. It’s an alphanumeric display with 20 characters in a line and
4 lines.

I DIP switches

DIP switches are manual switches grouped in one package. They are used to
bypass the relay control circuits in case of service or failure.

B Rotary encoder

A rotary encoder is a sensor of angular position. It’s commonly used for all
kinds of adjusting knobs, or as a sensor of rotation. It generates a digital
signal, which is then processed in the microcontroller to determine the speed
and direction of the rotation. I am using it to control the user interface. In
combination with the push button, it provides all the necessary interfaces to
navigate the menu and set all the parameters.

B Terminals

I am using the TBL0O07A-500 terminal blocks. I chose those because, unlike
screwing types, these are spring-loaded. There is a little metal spring, which

13



3. Implementation

prevents the cable from falling out. In the screwing terminals, wires can
get loose over time or can be dangerous if tighten incorrectly. Another big
advantage is that these terminal blocks are at a 45° angle. This way, the
terminal can be accessed much easier. It’s beneficial, especially when working
in tight fuse boxes.

B Connectors

Apart from the wire terminals, there are only pin headers used on the board.
The regular types are used to upload software to the board. It’s very practical
because the pin headers and sockets are one of the most used connector types
on PCBs. I am using extended 30mm pin headers to connect the boards.
They not only provide a connection for power and signals between the boards
but also serves as a mechanical support for the top board.

Bl 1/0 Expander

In the process of designing the board, I run into the problem of not having
enough I/O pins on the microcontroller. I solved it using the MCP23017 1/O
expander. It communicates with the microcontroller using the 12C protocol.
This way, I gained 16 more I/O pins, which is way more than I needed.

B LEDs

For the signal LEDs, I am using LS M676 LEDs. They produce very bright
light (224 mcd), which makes them greatly visible even under direct sunlight.
The only problem is, that the diode forward current is 20mA, which makes it
a little power-hungry. There are nine diodes on the board, and if all of them
are on they consume almost 200mA.

B Diodes

I am using diodes to protect the electromagnetic relays, sensor inputs, and
optocouplers. I chose GS1IM, which is quite robust for this job. Its maximum
average forward current is 1A and the maximum reverse voltage is 1000V,
which is more than enough for this application. [16]

B Relays

I am using electromagnetic relays to switch the main voltage to high power
devices like water pumps and warming cables. To prevent reliability issues, I
am using 16A relays although the maximal expected current is around 2A.
The extra price paid for the relays is easily defendable by the cost of potential
service and repairs. The estimated lifetime for Ag Ni 90/10 contacts is around
one million cycles at 2A. Sadly that’s only for resistive load. I am planning
to switch motors and electromagnetic valves, which are considered inductive
loads. An inductive load is much harder on the metal contacts of the relay.

14



3.1. Hardware
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Figure 3.3: Estimated number of switching cycles [17]

When the relay tries to switch off the load, large arcs are generated, which
damages the contacts faster [17].

B Microcontroller

For the microcontroller, I chose ATmega328P. The main reason was, that
I had previous experience with it. It’s not ideal, but it has all the features
I needed, and the fact, that I already know how to use it, allows much
faster prototyping. ATmega328P is an 8-Bit microcontroller with a lot of
features such as SPI and I12C interface, programmable watchdog timer, and
external and internal interrupt sources. The biggest disadvantage is, that
the microcontroller is basically unavailable and I will have to find a fitting
replacement in the future. [I§].

B Optocouplers

I am using optocouplers either to separate the main voltage from the low
voltage DC circuits or to create so cold dry contacts (contacts, that have no
electrical potential and can be only connected or unconnected). Optocoupler
is LED and photo-transistor in one package. When current starts to pass
through the diode, the light is emitted to the photo-transistor and it starts
to conduct current. Both of the circuits remain electrically separated.

Figure 3.4: Optocoupler [19]

B Power supply

Firstly I was planning to design my own power supply directly on the board.
After some research, I decided to use an external power supply. There were a
couple of reasons to do it that way. Mainly I did not find a way to create a
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3. Implementation

safe and reliable power supply, that will be cheaper than those already on
the market. On top of that, there will be much more trouble dealing with
the electromagnetic compatibility of the board.

B 3.1.3 Working principles

B Power input protection

I started by looking for some power protection IC, but I couldn’t find any to fit
my needs. The problem was the input voltage range. Usually, the maximum
input voltage was around 20V. My goal was to have input protection, that
cud withstands connecting the main voltage. So I tried to design one by
myself. The main transistor (Q7) is normally opened. When the voltage
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Figure 3.5: Power input overvoltage protection schematic

passes a set limit, the Zener diode (Z1) will start to conduct current. This
current creates a voltage drop on R42 and opens transistor Q8. Q8 pulls the
gate of Q9 to the ground. Q9 opens and the current starts flowing through
R44. This way the Q7 closes and cuts the power from the board. Transis-
tor Q10 is used as a voltage regulator for LED7, which signals the overvoltage.

Unfortunately, I forgot, that there is a maximal gate-source voltage for
every transistor. It’s usually about 20V and in case of overvoltage, the gate-
source voltage on Q7, Q8, and Q9 is almost the input voltage. That limits
the usability of this protection to around 20V, which is almost the same as
the commercial ICs.

B Sensor input protection

Logic inputs are protected using pair of diodes connected between 5V and
GND. There is 1k resistor to limit diode current. The maximal average current
for the diodes is 1A. This way, it can theoretically protect the device up to
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3.1. Hardware

1000V. The limitation is the resistor. I am using 0805 resistor size, which
can typically handle around 1/8W. The maximal voltage can be calculated
according to the formula

Praw = Vil (3.1)
I=Vgr/R (3.2)
Praz = Vi/R (3.3)
Vi = £V Pna R (3.4)
Vg =11V (3.5)

Vin =Vr +Vp +5V (3.6)
Vin = 17V (3.7)

The resistor and capacitor together forms low-pass filter to protect the circuit
against voltage spikes. The cutoff frequency can be calculated as

1
Je= SR (3:8)
fo = 1600H 2 (3.9)

which is more than enough for all the analog sensors. Sadly, I had to remove
the protections low pass filter for the digital sensors.
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Figure 3.6: Sensor input overvoltage protection schematic

B Phase sensing

I am using optocouplers to sense if all three phases of the main voltage
are connected. The optocoupler LED is connected between live wire and
neutral wire. The current through the diode is limited by the resistor R50
and R51. We can calculate the maximum current I,,,, passing through the
diode according the formula

(Vmaw - UD)

3.10
Rs50 + Rs1 (8.10)

Ima:r =
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3. Implementation
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Figure 3.7: Phase sensing circuit schematic

We can find the Vp in the data sheet of the optocoupler [20]. For Vp = 1.2V
and Viq: = 330V we can assume Vo — Vb = Vinas-

(330)
We can find the collector current according to a the graph in data sheet [20].
As we can see, the peak collector current is about 30mA.
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Figure 3.8: Collector current vs. collector-emitter voltage[20]

Another parameter, we have to take care of is the maximal reverse voltage
of the diode V,. = 6V. In the negative half-wave, the voltage on the diode
would be 330V. That is why there is a diode D6 connected antiparallel. It
keeps the reverse voltage at 0.7V.

B Relay switching

The I/0O pins of the microcontroller can’t supply enough current to power
the coils of the relays. Therefore it’s necessary to use transistors to do that.
In this case N-channel MOSFETs.

The relay coil is basically an inductor. If I try to rapidly disconnect the
relay coil magnetic field inside the inductor forces the current to keep flowing.
This creates a large voltage spike, at the contacts of the coil. The voltage
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3.1. Hardware

can be so high, that it could damage the MOSFET. That’s why there is an
antiparallel diode connected. When the MOSFET turns off, the diode leads
the current back to the +5V rail and protects the MOSFET from damage.

Figure 3.9: Relay switching circuit

The LED is used just to inform the user if the relay is on or off.

There is a Sil netlabel in the schematic. That’s where the DIP switch on
the top board is connected. The switch is connected parallel to the MOSFET.
In case of maintenance or failure, the user can control the relays manually
using the switches.

I External alarms

The board can be connected to an external GSM alarm. It can difference
between two priorities of alarms. The GSM has two outputs, which sends
out the alarm signal when shorted. I am using optocouplers to do that. The
resistor R48 protects the phototransistor from damage in case of shorted
output. There is an LED, showing the current state of the alarms.

R47 IC10 R48
1k LTV=-357T 100
1 F [ Aerm_int
e LR s
S onp 2 3 (Alarm_Outl
LED9Y

GND

Figure 3.10: Alarm output schematic
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3. Implementation

B Zeo crossing sensing

I implemented a zero-tracking system, to prevent arcing between the contacts
of the relay, due to the inductive load. It senses the passing current and turns
off the relay when the sinusoidal cross the zero. This way, there is no current
passing through the inductor and therefore there are no arcs between the
contacts.
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Figure 3.11: Relay schematic

The passing current creates a voltage drop at resistor R8. The voltage
difference is sensed by the operational amplifier. It’s being used as a compara-
tor. When the direction of the passing current changes, the polarity of the
voltage drop on the resistor also changes. It generates a rising or falling edge
at the output of the comparator which can be then processed. The output of
the comparator is isolated from the rest of the circuit by an optocoupler.
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3.2. Firmware

. 3.2 Firmware

I designed my own firmware for this board. Its main task is to manage the
production process, collect and evaluate data from sensors, and provide a
user interface. It was written in C++ programming language. During the
designing process, I used a lot of libraries, mostly to control the external
peripherals of the microcontroller.

B 3.2.1 Production process

The production process was provided to me by the company, I am designing
the board for. The production consists of several steps. When the water
level sensor senses a low level in the water tank the backwashing process
starts. It’s necessary to wash out the debris from the membranes before
the production starts. Then the low-pressure pump starts. It primes the
system with seawater. The pressure in the system needs to get to a set value,
before starting the high-pressure pump. The production continues until the
tank isn’t full. If the production takes longer than 30 minutes, the process is
interrupted by a backwashing sequence, and then it starts all over again.

Water tank
full?

Piping
warm?

Yes
Yes € v
Backwasahing ’—D Backwashing < He‘atvthe
piping
A Yes
Yes
Y

Water tank Producing Low pressure

full? over 30 min? pump on
No
Y
Pressure OK? Yes Delay

High pressure 5
pump on 4—Yes Pressure OK? No Alarm

Figure 3.12: Production diagram
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3. Implementation

There are two microcontrollers on the board. The microcontroller on the
bottom board takes care of the relay switching and evaluates the data from
the sensors. The microcontroller on the top board manages the user interface.
They communicate using the 12C protocol. The top microcontroller sends
information about the current settings and the bottom one sends the sensor
data to be shown on the display. The current settings are updated before
every production step, and the sensor data are sent periodically every second.

B 3.2.2 User interface

The user interface is provided by an LCD and rotary encoder located on the
top board. It allows the user to change all of the important parameters of
the system. It also provides information about the current system status and
shows the current temperature and pressure in the system.

B Main screen

The main screen is shown most of the time. It shows the current temperature
and pressure and the system status. I am using an internal timer, to refresh
main screen data periodically.

B Menu

The production process can be changed to fit local conditions. It’s can be
done by the serviceman while installing or maintaining the unit. Most of the
settings shouldn’t be accessed by the user, because it can cause instability of
the system, failure, or damage. For this reason, most of the settings will be
protected by password in the future.

. 3.3 Second version

After testing the first version of the board, I decided on creating a second,
updated prototype. The goal of it was to fix all the errors on the first board,
implement some design changes, reduce the costs and simplify the design.

B 3.3.1 Hardware

Most of the hardware changes were fixing errors caused by inattention. I
usually already fixed them temporally on the first board to prove the concept
and avoid mistakes on the second version.

B Mechanics

The layout of the board remained very similar to the first prototype. The
biggest mechanical change was replacing the 30mm connectors with spacer
studs. It made the board more rigid and reduced the chance of damaging the
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3.3. Second version

connectors during installation or maintenance. The electrical function of the
connectors was replaced by 14 pin headers, connected by flat wires.

B Parts and components

The 30mm pin headers used to connect the two boards were replaced by 14
pin headers, connected by flat wires. I also added a DC jack to connect the
power supply.

In this version, I used four 25mm spacer studs to mechanically connect the
boards. They also serve as ground connections. Studs comes in a much wider
range of sizes, which gives me better control of the module dimensions.

I changed the I/O Expander for MCP23008T simply because I can get it
in the SMD package. This way, the populating of the board is much easier.

B Working principles

I changed the original power input protection for an MP5018GD integrated
circuit. This way I saved production costs, added features like short circuit
and undervoltage protection, and simplify the populating of the board.

I decided not to use the zero-sensing system on the board. I had a lot of
trouble with it on the first prototype and I never get it to work properly. It
might be added in the future.

B 3.3.2 Software

The biggest change on this board is, that it uses only one microcontroller. It
helped to simplify the coding process. There are now two threads running on
the microcontroller. An internal timer switches the threads between one and
another. One thread takes care of the user interface, while the other manages
the production and evaluates the data from sensors.
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Chapter 4

Conclusion

In this bachelor thesis, I described the processes used for water desalination.
I studied the desalination technologies used around the world. I described
thermal technologies as multi-stage distillation, multi-effect distillation, vapor
compression distillation, and solar distillation. I paid special attention to
membrane technologies such as electrodialysis, electrodialysis reversal, and
most importantly reverse osmosis. I also discussed the ecological aspect of
desalination and described the risks associated with brine disposal.

The main focus of my project was to develop a device, which will control
the production process of the desalination unit. After deciding the functions
of the board, I started the part-picking process. Simultaneously I started to
develop the PCB. The design aimed to create a module, which can be easily
fitted to any fuse box. That determined the dimensions of the PCB. The
control unit, currently used on the desalters, used discrete relays and timers
to control the process. That wasn’t only expensive, but also doesn’t offer
many options for settings. I designed a system controlled by a microcontroller.
I used LCD and rotary encoder to provide a user interface and relays to
control the outputs of the board. I also designed a firmware, which evaluates
data from the sensors and controls the production process. This way, I was
able to add a lot of additional functions. Using the low-power electronics, I
was able to cut the production costs rapidly.

During the testing of the first prototype, I run into several issues. I man-
aged to repair most of them temporarily to be able to prove the conceptual
design. I was also able to successfully test the firmware for the board. For the
second prototype, I fixed all the original issues and added some improvements.

The second prototype is currently in the stage of testing, but no major
issues were found. I am planning to finish the firmware development on it. 1
will produce three to five units for real-life testing in the following months.
These units will be used in desalters to fine-tune the software and hardware
and primarily to find all the hidden issues before producing any larger series.
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Appendix A
List of Notation

Symbol Meaning

Prax Maximum dissipated power
Vr Voltage on resistor
1 Current

R Resistance

Vin Input voltage

%5} Voltage on diode
F, Cutoff frequency
C Capacity

Inax Maximum current
Vimax Maximum voltage
V, Reverse voltage
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