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Pedepar
[TosicHroBanpHa 3anucka: 53c., 20 puc., 8 mxepern.

OG0’ €eKT JOCIIIKEHHS — BOJOPOJHUN HAKOIMMYyBay.

B poznini  «JOCJIIJDKEHHA TEXHOJIOI'TYHOI'O ITPOLIECY OTPUMAHHA
BOJHIO SK OB’€KTY KEPYBAHH» BukoHaHUi KOMIUIEKC TOCTIHKEHB MPOIIECIB 110
B1IOYBalOThCA TiJ 4Yac poOOTH 00’€kTy, a came: (I3UYHI Ta  XIMIYHI BJIACTHUBOCTI,
TEPMOJMHAMIYHI ~ TPOLIECH  PO3Maay BOAW MiJ Yac €JIEKTPOJi3y; OTpUMaHa KUIbKICTh
HEOOXITHOT BOJM Ta €JIEKTPOCHEPrii Jisi poOOTH; AOCITIIKEHUN BIJIUB BUKOPUCTOBYBAHUX
MaTepiajiB; OIMHCaHa cXxema BUPOOHHUIITBA; JOCIIIKEHE TeXHIUHE 00JaJHAHHS; TPUBE/ICHI

napaMeTpu HOPMAJIBHOTO TEXHOJIOTIYHOTO PEXUMY.

B posnmini «BUBIP TA OBI'PYHTYBAHHS ITAPAMETPIB KOHTPOJIIO TA
KEPYBAHHS» : Bukonanuii Bu6ip Ta 00rpyHTYBaHHS IapaMeTPiB KOHTPOJIIO TEMIIEPATYPH,
TUCKY, BUTpPAT, T'yCTHUHHU; OOpani Ta OOrpyHTOBaHI MapaMeTpW KaHaJiB BIUIMBY Ha
TEMIIepaTypy Ta PIBEHb CICKTPOJITY B €JIEKTPOIi3epl, PiBEHb PiIUHU B 3pIBHAIIBHUX OaKax,

TEMIEPATYPY PIAMHU B HAKOTIMYYBAJIbHOMY HarpiBaui.

B posxini «OINIMC POBOTU ABTOMATHWYHOI CUCTEMU PEI'YJIFOBAHHS»
Oynu omucaHi MPUHIMITK POOOTH CHCTEM PETYJIIOBAHHS €ICKTPOJIITY B €JIEKTPOITI3epi, PiBHS
pIAMHE B 3pIBHIOBAIBHUX OakaX, piBHS €JIEKTPOJITY B HAKONMHYYyBAJIHHOMY Harpimadi,

ornurcaHa CUCTEMA aBTOMATHYHOTI'O IICPEMUKAHHSA MIK TEXHOJIOTTYHUMH pPEKUMaMU.

B poznini «PO3PAXYHOK ACP PIBHA EJIEKTPOJIITY B EJIEKTPOJII3EPI TA
BU3HAUYEHHS SKOCTI I POBOTH» pospobmena crpykrypHa cxema ACP T1a
pO3paxoBaHi JATUYMK 3BOPOTHOTO 3B’S3KYy, EJIEKTPOHHOTO MiJCHIIIOBA4a, BHKOHABYOIO
MexaHi3My Ta 00’€kTy kepyBaHHs. OTpuMaHi KpuTepii IKOCTI poOOTH Ta BAKOHAHHUI CUHTE3
1i€1 CUCTEMHU KEpYBaHHs. Y MiJACYMKY 3MO/IeTbOBaHA CUCTEMA Ta BUSBJICH] MOKA3HUKU SIKOCTI

ii poOoTH.

B posmini «PO3POBKA VYHIBEPCAJIBHOI CHUCTEMU PEI'YJIIOBAHHSA
TEMIIEPATYPU 110 KAHAJIY «TEMIIEPATYPA  EJIEKTPOJIITY-CTPYM HA
KOMIPLI EJIEKTPOJI3EPA»  po3pobieHa CTpyKTypHa CXeMma CHCTeMH, oOpaHi

KEepYIOUHMii MIKPOKOHTPOJIEP T4 CEMICTOPHUHN PETyIATOP MOTYXKHOCTI.

B posmini «OINMC CXEMM ABTOMATM3AIL ITPOLIECY OTPUMAHHIA
BOJIHIO EJIEKTPOJITUYHUM METOJOM» onucana po3pobieHa cxema, oOpaHi Ta

oOTpyHTOBaH1 MOJIEJI TaTUHKIB.

BOJIHEBUI HAKOIINYYBAUY, ABTOMATHUYHA CUCTEMA
PEI'YJIFOBAHHA ITPOLECY EJIEKTPOJII3Y.
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Abstract

Explanatory note: 53 p., 20 fig., 8 references.
The object of investigation — hydrogen storage system.

In the chapter "INVESTIGATION OF THE TECHNOLOGICAL PROCESS OF
OBTAINING HYDROGEN AS A CONTROL OBJECT" complex investigations process
which carried out during the work of the object, namely: physical and chemical properties;
thermodynamic processes of decomposition of water during electrolysis; received quantity of
necessary water and electricity for work; investigated influence of materials used; the scheme
of production is described; technical equipment is investigated; the parameters of the normal
technological mode are given.

In the chapter "SELECTION AND JUSTIFICATION OF CONTROL AND
MANAGEMENT PARAMETERS™: the choice and justification of parameters of
temperature, pressure, flow, density control; Selected and substantiated parameters of the
channels of influence on temperature and level of electrolyte in the electrolyzer, level of liquid
in equalizing tanks, temperature of liquid in the accumulator heater.

In the chapter "DESCRIPTION OF AUTOMATIC CONTROL SYSTEM(ACS)
OPERATION" the principles of operation of the electrolyte regulation systems in the
electrolyzer, the level of liquid in the equalizer tanks, the level of the electrolyte in the
accumulator heater were described, and the system of automatic switching between the
technological regimes was described.

In the chapter "CALCULATION OF ASC OF ELECTROLYTE LEVEL IS
ELECTROLYSER AND DETERMINATION OF QUALITY OF ITS WORK ", an ASC
structural scheme was developed and a feedback sensor, an electronic amplifier, an actuator
and an object of control were calculated. The criteria of work quality are obtained and the
synthesis of this control system is carried out. As a result, the system is simulated and the
quality indicators of its work are revealed.

In the chapter "DEVELOPMENT OF THE UNIVERSAL TEMPERATURE REGULATION
SYSTEM ON THE CHANNEL "ELECTROLYTE TEMPERATURE — CURRENT ON
THE ELECTROLYSER CELL", a structural diagram of the system was developed, a
controlling microcontroller and a semistoric power regulator were selected.

In the chapter "DESCRIPTION OF THE AUTOMATION DIAGRAM OF THE TP OF
HYDROGEN PRODUCTION BY ELECTROLYTIC METHOD" the developed scheme, the
selected and substantiated models of sensors are described.

WATER HEATER, ACS OF THE ELECTRICAL PROCESS.
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Pegepar
[TosicauTenbHas 3anucka: S3c., 20 puc., 8§ HCTOYHUKOB.
OOBEKT Hcce0BaHUS - BOJOPOIHBIN HAKOMUTEb.

B pazgene «MCCJIIEJOBAHUE TEXHOJIOTUYECKOI'O TTPOLHECCA ITOJYYEHUA
BOJIOPOJA KAK OBFBEKTA VIIPABJIEHUS BbITIOJHEHO KOMILUIEKCHOE MCCIICIOBAHHUE
MPOUCXOJSIIIUX BO BpeMsi pabOThl OOBEKTa MPOILIECCOB, a HMEHHO: (U3UYecKue Hu
XUMUYECKHE CBOMCTBA; TEPMOJUHAMUYECKUE IMPOIIECCHl pacnaja BOIbI MPHU DIJIEKTPOIU3E;
pacCYUTAHO KOJIMYECTBO HEOOXOJAMMOM BOJBI W JJICKTPOIHEPTHUU JJIs IJICKTPOJIN3A,
WCCIIEIOBAHO BIIUSIHUE MCIOJb3yeMbIX MaTEpPHaIOB; OIKCAaHA CXeMa IPOU3BOCTBA;
HCCIIEIOBAHO TEXHUYECKOe OOOpy/IOBaHME; TMPHUBEACHBI MapamMeTpbl HOPMAJIBHOTO
TEXHOJIOTHYECKOTO PEKUMA.

B pazgene «BBIBOP U1 OBOCHOBAHHUE ITAPAMETPOB KOHTPOJIA U
YIIPABJIEHU»: BbInonHEH BHIOOP U 0OOOCHOBAHME MapaMeTPOB KOHTPOJIS TEMIIEpPaTyphl,
JABJIEHUS, Pacxoa, MJIOTHOCTH; BHIOpaHbl U OOOCHOBAHBI MapaMeTphl KAHATIOB BIHMSHUS Ha
TEMIIEpaTypy M YPOBEHb DJJEKTPOJHMTA B JJIEKTPOJIU3EPE, YPOBEHb IKUJIKOCTH B
YpaBHUTEIBHBIX 0aKax, TEMIEPATYPy KUJIKOCTH B HAKOMIUTEILHOM HarpeBaTese.

B pasmene «OIMCAHUE PABOTHI ABTOMATHYECKOW  CUCTEMBI
PEI'YJINPOBAHUS» Obputn  omucaHbl NPUHIMUIBL pabOThl CHCTEM PETYIMPOBAHUS
ANEKTPOJIUTA B DJEKTPOJU3EpPE, YPOBHSA >KUAKOCTH B YPAaBHUTENIbHBIX Oakax, YpOBHS
JJIEKTPOJINTa B HAKONUTEIBHOM HarpeBaTelle, OIMCaHa CUCTEMa aBTOMATUYECKOIO
MEPEKITFOUECHUS MEXKY TEXHOJIOTMYECKUMU PEKUMaMHU.

B paszmene «PACUHET ACP YPOBAHA ODJIEKTPOJIMTA B SJIEKTPOJIM3EPE U
OINIPEJEJIEHUA KAUYECTBA EE PABOTDI» pa3paborana ctpykrypHas cxema ACP u
paccuMTaHbl: JaTYUK OOpPATHOW CBS3M; AIEKTPOHHBIN YCWINTENb; nepeaaToyHas (GpyHKius
WCIIOJTHUTEIHHOTO MEXaHM3Ma M 00beKTa peryaupoBanus. [lomydeHbl KpUTEpUH KadyecTBa
paboTHI U BHITIOJIHEH CUHTE3 3TOM CHCTEMBI ynpaBjieHus. B urore cmonenupoBaHa cucrema
Y BBISIBJICHHBIC TTOKA3aTEN KayecTBa ee paboThI.

B pasnere «PA3BPABOTKA VYHMBEPCAJIbHONM CHCTEMBI PEI'YJIMPOBAHUS
TEMIIEPATYPBI T10 KAHAJTY « TEMITEPATYPA DJIEKTPOJIMTA-TOK HA STYEMKE
DJIEKTPOJIM3EPA» pa3paboTrana CTpyKTypHas CXeMa CUCTEMbI, BHIOPaHbI YIPaBISIOMIUN
MUKPOKOHTPOJIJIEP U CEMUCTOPHBIN PETyJISATOP MOIIHOCTH.

B pazgene «OIIMCAHUE CXEMbI ABTOMATU3AILINU TTPOIIECCA TTIOJIYUYEHU A
BOJIOPOJIA DJIEKTPOJIMTUYECKMM METO/IOM» omnmcana pa3zpaboTaHHasi cxema,
BBIOpaHbl U 000CHOBAHBI MOJIEH JATUUKOB U APYrOoro 000pya0BaHUS.

BOJIOPOJIHBIN HAKOIIUTEJID, ABTOMATUYECKAA CHUCTEMA
PEI'YJINMPOBAHWMA ITPOLIECA EJIEKTPOJIM3A
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INTRODUCTION

Hydrogen as a technical product is widely used in many sectors of the economy
- in the technological processes of oil refining, ammonia, methanol production, in the
metallurgical industry, in many branches of science and technology. Recently,
hydrogen is considered as a universal coolant and as a battery of energy.

Hydrogen can be used very efficiently as a secondary energy carrier, because its
heat of combustion (in terms of mass) is three times higher than that of hydrocarbon
fuels.

It should also be taken into account that hydrogen is an environmentally friendly
type of fuel. For the economy of highly developed countries, this parameter is one of
the most important.

The only drawback of this energy carrier is relative high cost, compared with
hydrocarbon raw materials. But the development of production technologies, including
automation, may allow solving this problem in the near future.
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1. INVESTIGATION OF THE TECHNOLOGICAL PROCESS OF
OBTAINING HYDROGEN AS A CONTROL OBJECT

1.1 Physical and chemical basis of a hydrogen production

Two immersed electrodes in a container, which contains aqueous solution of
electrolytes and supplied by DC voltage, provided that voltage is greater than
voltage of decomposition of water, can produce the closed electrical circuit and
oxygen will be released at the anode, and hydrogen at the cathode, in volume ratio

of 4. This leads following reactions to take place:

2H20+2e- — H2+20H- (cathodic reaction)
20H- — 1/202+H20+2e- (anodic reaction)
H20 — H2+1/202 (overall reaction)

The specific electrical conductivity of purified water is insignificant: at 18 ° C it
Is (2-6) * 10-6 ohm-m-1. Therefore, aqueous solutions of strong acids or alkalis are
subjected to electrolysis. Other electrolytes are usually not used, because they
themselves decompose during electrolysis and produce undesirable by-products. In
view of the significant corrosion problems that arise in the electrolysis of acids, almost
all electrolyzers now use aqueous solutions of potassium hydroxide and sodium with a

concentration of 350-400 g/ I.

KOH solutions have advantages over NaOH due to the greater conductivity of
K + against the Na + ion. The equilibrium composition of the vapor above the agueous
solution of KOH is lower, which means that the final products of the electrolysis of H2
and O2 contain less water vapor. Concentration of KOH corresponds to the optimal

values of current densities. Small admixtures of KOH are not an obstacle to its use.

The aforementioned cathodic and anodic reactions are staged, and their
mechanism depends on the material of the electrode, the composition of the solution,

and also the magnitude of the overvoltage, temperature, and other factors.

Page
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One of the possible mechanisms of cathodic hydrogen evolution from alkaline
solutions is as follows. In the first stage, water molecules are discharged to form
hydrogen atoms adsorbed on the electrode:

H,O0+e™ - Hyys + OH™

Then comes the reaction of the so-called electrochemical desorption (Heyrovsky

reaction):
Hyys + HO + e~ & H, + OH™

In sum, these two processes produce a cathodic reaction, as a result hydrogen
releasing. At the anode, the probable first stage is the discharge of hydroxide ions with

the formation of OH radicals:
20H™ & 20H + 2e~
Then there is a chain of processes:
20H + 20~ - 2H,0 + 2e~
207 - 20 + 2e”
20 - 0,

Other schemes of the summation process are suggested, for example, involving
the metal of the electrode. The most common electrolyte in modern industrial
electrolysers is 25-30% KOH.

Acid electrolytes give a good yield on H2, but they lead to serious problems in
the selection of materials that resist corrosion in sulfuric acid. Electrodes are currently
manufactured mostly from carbon steel; the anodes are coated with nickel, and the
cathodes are activated by applying either a sulfur-containing nickel or a metal of the

platinum group to their surface.

The alkali contained in the solution, as can be seen from the above equations, does
not participate in the discharge, but serves only for ion transport. Its consumption (2-3

g per 1 m3 of hydrogen under normal conditions) is due to entrainment with the
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products of electrolysis. In the electrolyte additionally add K2Cr207 (2-3 g / dm3);

this makes it possible to reduce the corrosion of the steel parts of the cell.

The total process of water decomposition by electrolysis is a process opposite to the
process of hydrogen burning. Therefore, the theoretical value of energy, which is
required per unit amount of hydrogen produced, is equal to the heat of combustion of
hydrogen. Each molecule is formed by attaching two electrons to two hydrogen ions,
so that there is a direct relationship between the current passing and the rate of

hydrogen production.

1.1.1 Thermodynamics of the process of decomposition of water in the

process of electrolysis

The amount of electricity transferred per mole of material is Fn, where n is the
number of electrons participating in the electrode reaction, F is the Faraday number
(96 487 CI / mol). If this amount of electricity is transferred at a potential difference

E,, then the work done is equal to nFE,. To change the free energy of Gibbs:
AG = —nFE,

Substituting the known value AG298 =237190 kJ / mol for water formation, we

obtain for standard conditions (pressure 0.1 MPa and temperature 25 ° C):
E, =123V

The general thermodynamics of the process can be summarized as follows. For

the isobaric-isothermal process:
AG =TAS = AH — AG

Otherwise, the cell will be cooled. The thermal efficiency of electrolysis is
defined as the ratio of the cell voltage corresponding to the neutral process (1.4V at 25°
C and 0.1MPa), to the actual acting voltage. This corresponds to the ratio of the higher

heat of combustion of the hydrogen produced to the amount of electricity supplied.
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The thermal efficiency of electrolysis is defined as the ratio of the cell voltage
corresponding to the thermoneutral process (1.4 V at 25 ° C and 0.1 MPa), to the actual
acting voltage. This corresponds to the ratio of the higher heat of combustion of the

hydrogen produced to the amount of electric energy supplied.
1.1.2 Electricity and water consumption during electrolysis.
The power consumption is determined by the product of the quantity of
electricity spent by the voltage applied to the buses of the cell:
Wh=Eq

where W, is electricity consumption, W * h; E is the voltage, V; q is quantity of

electricity, C;

To obtain 1 m2 H, and 0.5 m® of O, under normal conditions with a theoretical

decomposition of water of 1.23 V, the electric power consumption is

2%26.68
0.0224

Wr= 1.23

= 2.95 kWh,

where 26.8 is the Faraday number, expressed in ampere hours per mole; 2 is the
Faraday number spent on the allocation of 1 mole of H2; 0.0224 is the volume of 1

mole of hydrogen under normal conditions.

At a thermoneutral voltage of 1.48 V, 3.54 kWh per 1 m3 of hydrogen is
consumed. The actual electricity consumption on modern electrolyzers is 4.0-4.5 up to
5.5 kWh per 1 m3H,. To obtain 1 m3H2 and 0.5 m302 under normal conditions, it is
necessary to spend, in theory, 805 g of water. Practically the water consumption is 820-
850 g.
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1.1.3 Influence of electrode material, diaphragms and catalysts on the

process of water electrolysis

In order to increase the real efficiency of the electrolysis process, accelerate the
electrochemical reaction, the applied potential can be lowered for a given current using
(2) electrodes carrying catalytically active metals or subjected to a treatment increasing
their porosity. The main purpose of such processing of electrodes, the structure of their
surface is to increase the real surface of the electrode without increasing the overall

cell size.

It should be emphasized that the structure of the surfaces of the electrodes
depends not only on the composition of the catalytic additives, but also on the methods
of their preparation and application to the surface, as well as on the methods of
preliminary treatment and activation of the surface of the electrodes. Only if these
methods, strict observance of the conditions for the preparation of electrodes and
application of additives we can be expect significant acceleration of the electrode
reactions, which ultimately leads to a decrease in the potential for decomposition of

water.

To separate the gaseous products obtained during the electrolysis process, the
electrolyte and the gas space of the cell are separated by a gas-tight diaphragm into the
anode and cathode spaces. This simple device provides one of the most important
advantages of electrolysis. The diaphragms are permeable to H + and OH- ions and to
a small extent affect the internal resistance of the cell. Corrosion and temperature
resistance, small pore size are requirements for materials for manufacturing
diaphragms (membranes). Modern diaphragms are made from asbestos, but they are
also performed on the basis of plastics.
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1.2 Description of the production scheme

The electric current is supplied to the extreme monopolar electrodes. From the
main parts of the cell we nickel followings / 2 /. a) frames with stuck tubes, gas and

nutrient channels; b) the main electrodes from the anode side; c) remote electrodes on

both sides; d) an anode end plate (from the side of the remote electrode).

Outgoing (2,3) from electrolyzers 1 gases (hydrogen and oxygen jointly with the
electrolyte vapor), the separation columns 2, 3 are first of all sent, where the electrolyte
and gas are tentatively separated. To cool the electrolyte, the separation columns are

equipped with coil coolers. The cooled electrolyte from the separation columns by

gravity goes back to the cell.
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Figure 1 - Cells of electrolyzer EF-12 in assembled form

From the dividing columns, gases enter the washers, where bubbling occurs

through the layers of liquid, and are freed from the electrolyte residues. The washers

are also equipped with coil coolers, which serve to cool the gas.
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Distilled water is used as the washing liquid for gases, which, after trapping the
electrolyte, can be used in the process. The washers are connected to the pressure
regulators (equalizing tanks), serving to equalize the pressure in both gas spaces of the
cell. A special technological regime for filling the system (equalizing tanks and
washers) with distilled water is provided. To do this, power is supplied to the
electrolysers (test run) and some of the hydrogen enters the equalizing tanks. At the
same time, the tanks are filled with distilled water, before it is blocked by a signal from
the radar level gauge. Hydrogen is released into the atmosphere through the expander.
In this process, it is necessary to ensure that the pressure in the regulators of hydrogen
and oxygen is approximately equal. After filling the tanks the valve is closed after the
expander, and the system switches to the normal process mode. In the normal
technological mode, the pressure fluctuations are small and eliminated by maintaining
the level of distilled water in the equalizing tanks in the range of 0.5 to 0.7 meters.
Hydrogen at the same time in small quantities is released into the atmosphere. In case
of malfunctions, overfilling (emptying) of equalizing tanks, a manual discharge of
liquid from them into the water tank. After this, it is necessary to fill the system again

with water and equalize the pressure in the washer-regulators.

After passing the washers, the gases are taken out: hydrogen, with the content of
the volume fraction of oxygen not more than 1%, in the purification section for drying
and purification from the admixture of oxygen, and oxygen, with a content of hydrogen

with the content of the volume of no more than 2% - for drying.

There is also a special mode for purging the equipment with nitrogen, which is
usually used at starting-up, as well as for malfunctions. Typically, this mode is used
when the purity of hydrogen falls at the output or when the permissible values of the
pressure in the cell and in the washers are exceeded. Nitrogen purge is also used in the
pneumatic tests of the system. In such a case, it is necessary to turn off the power supply
to the cell, remove the distillate from the equalizing tanks and washers, and purge the

equipment with nitrogen.
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Hydrogen is released into the atmosphere through the flame filter. For the
purging of the ED apparatus with nitrogen, the ramp, to which nitrogen cylinders are
attached.

1.3 Description of the main process equipment

Electrolyzer is designed for the electrochemical decomposition of water into
hydrogen and oxygen. The electrolyzer is a horizontal prefabricated filter-press
apparatus operating at a pressure of up to 10 atm. It consists of two monopolar
electrodes located on insulated end plates, and 25-50 (depending on the type of
electrolyzer) of bipolar electrodes compressed between the end plates and separated

from each other by sealing and insulating spacers and diaphragm frames.

Bipolar electrodes when passing through a direct current electrolyzer release

hydrogen on one side (cathode) and oxygen on the other (anode).

The gases released on the electrodes are separated by an asbestos diaphragm
attached to the diaphragm frames. The electrolyzer has three collectors: the upper
collectors are designed to drain gases and electrolyte, the lower one is used to return to
the cells of the cooling electrolyte. All elements of the cell are connected in a common

package and are tightened by four tightening bolts.

Belt springs are fitted at the ends of the bolts to compensate the temperature
elongations of the apparatus. The technical data of the electrolyser used in this diagram

are given in Table 1.
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Table 1 - Technical characteristics of the electrolyzer of the type ED-4M

Parameter
Quantity of cells, pcs. 30
Current, A:
nominal 165
maximum 330
Voltage in the cell, V 220-230
Voltage at one cell of the cell, V 5.0-5.4
Current density, A / m? 1250-2500
Operating pressure, MPa 1.0
Operating temperature of the electrolyte, | 85
°C
Purity of gases,%:
Hydrogen 99
Oxygen 98
Productivity, m?/ h:
Hydrogen 2-4
Oxygen 1-2
cell capacity, m? 0.16
overall dimensions, mm
length 1700
width 610
high 830
electrolyzer weight, kg 1289
Page
ED.MP.18 15

Mea. | Sheet M doc. Sign D.




Separating columns are designed for separating gases from electrolyte and

cooling. Separating columns are equipped with coils.

The pressure regulators (washers) are designed to maintain the equality of the
pressures of hydrogen and oxygen in the ED apparatus, regardless of the pressure at
which each gas is used. Pressure regulators are equipped with floats and control valves.
Floats can move vertically, closing and opening valves to release gases. Pressure
regulators are also designed for washing hydrogen and oxygen from alkaline mist and
for cooling gases. Provided with safety valves for the discharge of gas into the

atmosphere when the permissible pressure values are exceeded.

Equalizing tanks serve for storage of distilled water and are also connected to

pressure regulators and together provide relative pressure equality in both gas spaces.

The hydraulic seal is a device designed to release oxygen (hydrogen) into the

atmosphere and to prevent air from entering the ED system.

Flame filter is a device filled with gravel, installed on the pipelines of the release
of hydrogen into the atmosphere. The flame filter is designed to prevent "flashing" of

the flame into the ED system during the ignition of hydrogen at the outlet.

Storage heater serves to preheat the electrolyte coming from the preparation
system. A thermal relay is provided, which allows maintaining a constant temperature
of the liquid. Uniform heating is provided by natural recirculation. Characteristics of

the heater used in Table 2.
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Table 2 - Characteristics of the VM 100 type heater D400-2-BC

Heater Type Accumulative
Tank capacity, | 200

Heating element power, W 6000

Type of heating element Dry tan
Operating temperature of liquid, °C 80

Operating pressure, atm 7

Method of temperature control

Thermal relays

1.4 Parameters of normal technological mode

Table 3 shows the values of the optimal process parameters set experimentally.

Also note the place of measurement of each parameter and the need for monitoring /

registration / regulation. If these parameters are observed, the system works stably, the

yield of the product meets the specified standards, and the corrosive effect on the

equipment is minimal. The parameters of normal technical mode is shown in appendix

A.
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2 SELECTION AND JUSTIFICATION OF CONTROL AND
MANAGEMENT PARAMETERS

2.1 Selection and justification of control parameters

To achieve the best quality of products, to ensure efficiency and safety of

production, the following main technological parameters should be monitored:

e cell voltage in the cell

o electrolyte level in the cell

e pressure and temperature in the cell

e hydrogen concentration at the output from the system
e 0Xygen concentration at the output from the system

2.1.1 Temperature monitoring

During the electrolysis of the electrolyte solution, it heats up. In this case,
temperature control is necessary primarily to prevent the boiling of the electrolyte
during operation, as well as to prevent the destruction of equipment under the influence
of corrosion. In addition, the temperature of the electrolyte that comes from the
preparation system should be monitored. It should have a temperature close to the
operative temperature of the electrolyte in the cell. Otherwise — either the efficiency of
the process will drop, or there will be a risk of boiling the electrolyte and exceeding
the permissible pressure values. To measure the temperature of the electrolyte in this
process, a thermoelectric method can be used that allows information to be transmitted

over a sufficiently large distance.
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2.1.2 Pressure monitoring

The control of the pressure in the electrolyzer, in this technological process is
necessary, because the efficiency of the electrolysis process depends much on the
pressure under which it takes place. In addition, pressure control allows to reveal at the
early stages system malfunction, such as depressurization, clogging, etc. In this case,
the most preferred is the strain-resistive method (5), since sensitive element is a
membrane with strain gauges connected to the bridge circuit. Under the pressure of the
ambient being measured, the membrane flexes, the strain gages change their resistance,
which leads to imbalance of the Wheatstone bridge. The imbalance depends linearly
on the degree of deformation of the resistors and, consequently, on the applied pressure.
In this case, you can also transmit the signal to the required distance, and the necessary

accuracy is provided, in spite of hysteresis phenomena.
2.1.3 Flow control

Flow control is required in this process to determine the amount of products
obtained. Because we are dealing with gases, then the method of variable pressure drop

IS used.
2.1.4 Density control

Density control in this case is used to determine the density of electrolyte, as the
main indicator of its quality. The density can be judged, for example, on the
concentration of H + ions in the solution. In this process, it is advisable to use a
vibratory densimeter, since it is neutral to the electrical properties of the medium, is
operable at high and low temperatures (from minus 70 to 200 ° C) and high static
pressures (up to 20MPa).
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2.2 Selection and justification of control parameters and exposure pathway

2.2.1 Controlling the temperature and electrolyte level in the cell

In order to maintain the optimum operating mode of the cell, it is necessary to
somehow control the temperature of the electrolyte, since it is the most accurate
indicator demonstrating the quality of the device operation. The temperature of the
electrolyte can be used to judge the amount of hydrogen formed on the cathode, and so

on.

Fal-‘lvta > CO FEH;Z.- DE}.

(electolyzer)

T

PTE L DK

Figure 2 - Analysis of the electrolyzer as a control object.

The crossed out arrows indicate the parameters, the influence on which is

extremely difficult or impossible

Figure 2: P is pressure in the device, T is temperature, E is suppling cell voltage,
L-level of electrolyte, D-density of electrolyte, K; - the coefficient of thermal

conductivity of the shell materials.

In the literature it is often suggested to regulate the temperature of the electrolyte
by the channel: the supply voltage of the cell - the temperature of electrolyte (pressure

in the cell). However, due to the very large inertia this method is not effective.
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In this case, you can solve the problem as follows: make the system of

continuous supply of electrolyte to the electrolyzer from the preparation system, which

will be preheated to a temperature close to the operative temperature. During

electrolysis a continuous recirculation of the electrolyte solution takes place between

the cell and the separating column, in the process the part of electrolyte is consumed.

Nevertheless, it is necessary to maintain the level of electrolyte in the cell

approximately at 1.5 m, because in this case the system works stably, and the yield of

the product is quite large. Then by signal from the level gauge you can form a control

action, with the amount of electrolyte supplied to the electrolyzer from the preparation

system. The level fluctuations in the process will be sufficiently small and permissible.

Thus, it is possible not only to stabilize the electrolyte level in the cell, but also its

temperature.

extremely difficult or impossible.

2.2.2 Controlling the level of the liquid in the surge drum

F distillate

CO (surge drum)

Lj

[

P

T D

Figure 3 - Analysis of the equalization tank as a control object.

The crossed out arrows indicate the parameters, the influence on which is

In Figure 3: P is for pressure in the tank, T is liquid temperature, D is density of

the liquid.
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During the system starting-up and operation, it is necessary to align and maintain
at approximately the same level the pressure in both gas spaces of the cell. To do this,
surge drum are used where during the system starting-up to fill distilled water up to the
certain level. During the operation of the device, pressure fluctuations may occur that
are eliminated by changing the level of liquid in the surge tanks. In this case also radar
level gauges are used, the signal from which is used for formation of control actions.
In this case, you can regulate the amount of distilled water that enters the surge tanks.
The system also provides for manual discharge of liquid from regulating tanks in the

water tank.

By other channels control is not possible, since the tanks participate in the
pressure equalizating system. Consequently, it is highly undesirable to exposure to the
temperature or pressure in them. In addition, fluid flow control is the most convenient

and simple way to maintain a given level in them.

2.2.3 Concentration of hydrogen and oxygen under various technological

modes

In the case of normal process conditions, the hydrogen concentration at the outlet
of the system (pipeline after the condenser) is approximately 99%. The electrolytic
method of obtaining hydrogen implies a very high purity of the product, so if the
concentration of hydrogen has fallen by more than 2-3%, then this indicates a serious
malfunction in the system, leaks, foreign substances, etc. Then it is necessary to purge
the system with nitrogen and to release the gas through the flame filter. The situation
with oxygen is similar. There is also a special mode of filling the surge tanks when the

hydrogen contained in them is released into the atmosphere through the expander.
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2.2.4 Control of the temperature of the liquid in the storage heater

The storage heater receives electrolyte from the preparation system. During the
operation of electrolysers, it is being consumed, but it is necessary to maintain its level
within acceptable limits. The pump creates in the pipeline a pressure sufficient for the
electrolyte to enter the cells when the valves are opened. At the outlet at the top of the
heater, the temperature of the electrolyte must be constantly equal to 800°C (close to

the working temperature of the electrolyte in the cell).

CO
Faldvte (accumulative heater Tel-lyte
of electrolyte)
PLE g DK

Figure 4 - Analysis of the storage electrolyte heater as object of control.

The crossed-out arrows show the parameters which are extremely difficult or

Impossible to exposure.

In this case, the amount of liquid (used in the process of electrolysis), which left
the heater should be approximately correspond to the amount of fluid that will come
from the preparation system in the heater. This can be achieved by maintaining a certain
level in the storage heater, adjusting the supply cold electrolyte from the preparation
system. Design and power of the heater allows him to heat up the incoming electrolyte,
which then enter the upper part of the heater due to the difference in densities. If
regulation of the electrolyte level in electrolyzer does not take place (valves are closed),
then in the heater a constant temperature will be automatically maintained of the
electrolyte contained in it, switching on/off the heating element with the help of a

thermorelay.
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3. Description of automatic control system (ACS) operation
3.1. ACS of the electrolyte level in the cell

As the electrolyte is consumed during the process, its level will decrease. We
need to maintain its value, approximately equal to 1.5 m. Oscillations within 10-20
cm are permissible. For this, a radar level gauge at the signal of which the regulator
creates a control signal. This signal is simultaneously applied to the control valve
Upon the incoming command, the valve is opened, ensuring that the heated
electrolyte is supplied to the cell. This maintains the required level of liquid in the

cell.
3.2. ACS of liquid level in leveling tanks

Leveling tanks serve to equalize the pressure in the gas spaces of the system. It has
been experimentally established that a stable operating mode is provided at a level
value in the equalizing tanks, if it is approximately 0.5 m. Oscillations within 10-15
cm are also permissible. A source of distilled water is supplied to the equalizing tanks.
The level in the tanks is measured by radar level gauges. On the signal from the level
gauges, a control action is generated and applied to the valves pos. 208, 218, which
open/close the supply of distilled water in the tanks. The system also provides for
manual discharge of fluid from the pressure equalization system, for this purpose

valves with remote control are used.
3.3. ACS of liquid level in leveling tanks

On the signal from the radar transmitter, the control actions pos. 15b, which controls
the valve 15b. Due to this, the electrolyte supply to the container is regulated, as a
consequence - its level. In addition, this storage heater is equipped with a thermostat
that maintains the set temperature of the electrolyte and prevents its overheating. If the
pump pos. 17 does not work, the storage level of the liquid in the storage heater remains
constant, therefore, the valve 15c¢ will be shut off and no electrolyte will be supplied at
this time. In this case, the thermostat installed in the upper part of the heater will switch

on / off the heating element (TET), thereby maintaining a constant temperature.
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4. Calculation of ASC of electrolyte level in electrolyser and determination of
quality of its work

4.1. Drawing up the structural diagram of ACS

We use the classical control system with feedback. To ensure the operation of such

a system, it is necessary to:

e measure an adjustable parameter

compare it with a given value

determine the magnitude of the error and its sign

calculate the control effect by the selected control algorithm

Provide a control action through the actuator to the control object.
The following elements are necessary for the system under development:

e level sensor;
e regulator with a sensor, a comparison element and a control algorithm;
e Preliminary amplifier;

e power amplifier to ensure coordination with the actuator;

4.1.1. Calculation of feedback sensor

Transfer function of the sensor is calculated by the formula:

Ws(p) = Tp+ D

The transfer coefficient of SAPPHIRE-22M-DI is determined by the static

characteristic:

_ Al _5-10‘3 _83.10-3
AP 06 kg/cm?
AI- maximum output current signal,
AP-maximum preasure.
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The time constant will be determined as the time constant of the membrane by

the formula:

Where: f = 101-1078

c- membrane stiffness

c =

c
— The coefficient of viscous friction

2'E-h®-(1+a)(3+a)

3 (1——) R*-[1- (G2

a+1

R = 30mm — operating radius of a membrane

h = 0.35mm — width of membrane

E =2.1-10"Pa- modulus of elasticity of material

p = 0.2mm — relative radius of a rigid center

a = 3.64

After

Cc =

2-2.1-10711-0.353 - (1 + 3.64)(3 + 3.64)

D p)*|

0.32 4 3.64+1
—3ep2) 304 |1 - (Ggg=p 02" ]
Then, we obtain:
B 101-1078 _ 431012
~23-105 ¢ >
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Transfer function of a sensor:

k  83:107°
(Tp+1) (43-10"12p+1)

Ws(p) =

4.1.2. Calculation of electronic amplifier

The amplifier is selected from the Cridom line of industrial power amplifiers and
Is described by a 1-order differential equation:

T, v, +U, = kU,
dt

Where:

U,- output voltage of amplifier,(V)

U, - input voltage of amplifier,(V)

k- amplifier gain.

Then the transfer function of the power amplifier has the form of an aperiodic
link of the 1st order:

Up(p) _ K
™lu,(p)  (Tp+1)

We

The gain of the amplifier is chosen from the condition that the output signal of
the regulator 0-5B is matched with the voltage of the subsequent amplifier equal to
24V,
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In the passport to the amplifying element of type D4825 the time of the transient
process ty = 0.004 s is indicated. For a link of the first order, the following relation

relates the time of the transient process to the time constant:
t (3 + 4T ~ 4T

According to this formula, the time constant of the amplifying element is equal

to:

ty 0.004 :
== 0.001 (s) = 0.000167 (min)

Then the final transfer function of the amplifying element has the form:

W ko 4.8 _4g
ampl = (Tp+1)  0.000167p +1

4.1.3. Calculation of the executive amplifier

This element amplifies the 24V signal into the 220V signal to control the

actuator.

The transfer function of this element:

Wampz (r) =k
220
Wampz (p) = ﬂ =9.2
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4.1.4. Calculation of the actuator

The actuator is an electric one-turn mechanism, which includes three links.

Define the transfer functions of these links.

MOTOR

According to the passport data, a motor of the type DAU-25 is used.

e Engine power (Np) - 25W,

e Power supply voltage (Us) - 220B,

e The number of poles (n) is 12,

e The moment of loading on a shaft (M;) — 40 Nm.

The transfer function of the motor is calculated by the formula (there is feedback

on the rotation angle):

W, =
T =3.3 Non =33 = 0.031
=33 Ty, = 3312220 - 0031 (8)
k=014 ™ _ 014222 105
- . Ml _ . 40 _ .
Then, the final transfer function:
k 1.05

Wn(p) = ) = p0.031p + D)
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REDUCER

The transfer function of the reducer is the reciprocal of its gear ratio (i).

Lets obtain it:

1
Wred(p) = 7 =k

According to the passport data gear ratio of reducer = 416.7. Then:

1
Wrea(p) = 3777 =24 1077

VALVE

Valve transfer function is calculated by the formula:

W,(p) =k

The transmission coefficient K is found from the static characteristic:

AL _ 0.5 _ m
Aw 025 “rad

k =

W, (p) =2
Thus, the transfer function of the actuator will look like this:
Wact (@) = Wi (p) - Wrea(p) - Wy ()
After substitution of values:

1.05-2:24-107*  504-107°
p(0.031p+1) ~ p(0.031p+1)

Weaet(p) =
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4.1.5. The object of regulation

During the simulation of the control object (capacitance of electrolyzer) the

following assumptions were adopted:
-the flowrate of the electrolyte is uniform across the entire interface liquid / gas;
- the density of the electrolyte remains constant throughout simulation time.

In this case, the regulatory object is a stable link of a first order, and its transfer

function is found by the formula:

k

Wor(p) = Tp+ D

The transmission ratio will be:

= Alo _ 12501 _ 5445 (s) - acceleration time of OR

Te
Fy 0.041

A=m-R?=3.14-22 =12.5 (m?) - horizontal section area OR

LoF, - thevalues of the corresponding quantities at the equilibrium state of OR

I 1
2
30.45
T =——=61(s)
)
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We obtain the transfer function:

ko 2
(Tp+1) (61p+1)

Wor(p) =

Finally, it is possible to compose a functional scheme for automatic level control

in the cell pot, which includes the transfer functions of the elements (Figure 5):

El— @&k —ffa

K
Toz+1

Figure 5 - Functional diagram of level control in the cell

4.2.Analysis of the system, the formulation of its quality criteria

At this stage of the work, it is necessary to model the level electrolyte in an

electrolyzer and to clarify the main parameters of the system.

We construct the Nyquist travel time for the open system (Figure 6).

It can be established from Fig. 6 that the AFCX covers the point (-1; j0),

consequently, the closed system is unstable.

The main criterion for the operation of the system is its stability, which is not

provided. In addition, the requirements of the technology are superimposed the

following restrictions:

1. T <10 s - regulation time

2.0 <y max < 1.2 (20%) — overshoot
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Figure 6 - Nyquist Hodograph for an open system

In this case, it is necessary to use a regulator that will achieve the specified

parameters of the quality of the transient process.
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4.3.Synthesis of the management system

A regulator of the OWEN TRM148 type was chosen, differing in comparative
cheapness and versatility. Thanks to the built-in program "Configurator TRM148" it is
possible to separately model the system in specialized program environments, and then

set the calculated coefficients.

|| 1&
Kp -
[l | > |5 +<—D
Ki
(| o |' T
Kd

Figure 7.1 - PID connection diagram

Set the PID controller using the function blocks of the software package MVTU
3.7, then connect it to the closed functional circuit ACS of the electrolyte level as

shown in Figure 7.2:

+ﬁ

K ,

Bl @] E] > B [o] ]
Mpaduk

1 Ki
’ I N
Kd

K e
Ts+1]"

Figure 7.2 - PID connection diagram

The transfer function of the PID controller is:

K(p) = Ky + = 4 2P
P =t T T+ 0.01p)
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The following quality criteria are formed in the scheme:
- T - transient time (tp);
- y_max - the maximum value of the output variable;

The criterion of T is formed in the block Programming language, the program of

which has the form:

input e;
if abs(e)>0.05 then T=time;
output T;

Here, a corridor is set up, in which an adjustable value for some time T. If the control
error is e< £ 5% (from the level in the cell's capacity), then the quality criterion is

considered to be fulfilled.

Now it is necessary to solve the problem of optimizing the PID parameters by the

generated criteria. The settings window in Figure 8:

nEpEMETleIECKHH ONTUMKM3aLlag n

ll'lapaMEprlj K.puTepi M eTon

M2 [HMra naparmerpa 3Ha4EHHE b HHMRaYra bakcurayr | ToyHooTe |

1 |kp 2E.889 200 0.01

2 |Ki 0 0 200 0.01 j
3 |kd 100 0 200 0.01

o La x OTrieHa

Figure 8 - Parameters of optimization of regulator settings

In the "Parameters™ dialog box, the range for changing the coefficient settings is set,

as well as the accuracy with which the selection is made. In the "Criteria" window -
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the required quality indicators of the transient process. It follows from Figure 8 that the

integral coefficient Ki is zero, i.e. we are dealing with PD-regulator.

indicators, setting the model's global parameters to zero (Figure 9)

4.4.Modeling the system and determining the quality indicators of its work

We will calculate the regulator coefficients according to the specified quality

Pepakrop rnobanbHbix napameTtpos lNpoekTta (Cybmo...

HBELLR | v o 5 v X
1 Ep=0:
? Ki=0;
3 Kd=0; |

€ >

Figure 9 - The global parameters editor of the model.

"Optimization Results" window (Figure 10)

The program calculates the regulator parameters and displays the results in the

P'EE}UI bTaTkl ONTHUMKWSaLLMK

OnTumuanpyemele napametpel: Kp Ki Kd
Kputepun ontumuaagan - T y max

Me |Kp K Kd T y_max |F
1 0 0 0 50 0 4 52769
3 20 0 0 50 1.9529 |3.88404
10 (20 0 160 720779 1.06452 0

& MpUMEHHTL X Ormenuts

? Nomome

Figure 10 - Results of optimization
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With the adjustment factors Kp = 20 and Kd = 160, the control time T = 7.20779c,
and the maximum value of the output value y_max = 1.06452, i.e. overshoot does not

exceed 20%.

Let us construct the transient response of a closed, corrected ACS (Figure 11):

wE BpemeHHOR rpadmk = =
vt

1
0.8
0.6
0.4
0.2

1 g 1a 15 20 25 a0 35 40
Bpemsa, c

Figure 11 - Transient response of the system with a PID controller.

According to figure 11, it can be judged that a given quality of regulation is ensured.
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5. DEVELOPMENT OF THE UNIVERSAL TEMPERATURE REGULATION
"ELECTROLYTE TEMPERATURE -
CURRENT ON THE ELECTROLYSER CELL

SYSTEM ON THE CHANNEL

Structurally, the device is made in the form of three blocks: sensors, located

directly on the monitored object; microcontroller, indicator and controller, which

constitute the main microcircuit; as well as the power section, powered by an

alternating current network.

The optoelectronic technology is used as a link between the microcontroller and

the controller and which is promising in recent times.

5.1.Block diagram of the system

The structural diagram (Figure 12) is the basis for the development of concept

of the device.

|
: Controled object : : Main microchip
|
| |
|
: Temperature | | micro-
I T i *|Indicat
| SEnsor | controller ndicator
| | |
[ overhear | [
! Sensor | :
|
| | |
| : |
: Thermostat | :
| ' | Y
| - I
| power part M ! Regulator
| | |
| |
| | |

Figure 12 - Block diagram of the temperature control system
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With the help of sensors built into the monitored object the microcontroller
obtains the necessary information about its temperature state and can analyze,
according to the program stored in FLASH memory. Visualization of the device is
possible due to the indicator connected to the microcontroller. The microcontroller
controls the phase power regulator. The regulator is connected to the power part of the
device, which is powered by an alternating current network with a voltage of 220 V. It

carries out the work of the final load.

5.2.Selection of the microcontroller

The microcontroller PIC16C62 from Microchip was selected (Figure 13):

MCLR RB7
SMC | rRBB
RAD RB5
R A1 RB4
RA2 RB3
RA3 RB2 |
R Ad RB1
RAS RBO
ves | @ | wvoo
)
osci|] € | vss
osc2| O
0
RCO
RC1 RC7
RCH
RC2 RC5
RC3 RC4

Figure 13 — Microchip PIC16C62
Features of the PIC16C6X microcontroller core:
1. High-performance RISC-processor;
2. Only 35 simple instructions for learning;

3. All instructions are executed in one step, except for the instructions for the

transition, performed in two steps;
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8.
9.

10.Reset by drop in supply voltage;

Operating speed: clock speed up to 20 MHz, minimum clock duration 200 ns;

Interrupt mechanism;

Eight-level hardware stack;
Direct, indirect and relative addressing modes for data and instructions;
Power-on reset (POR);

Power-on Timer (PWRT) and Generator Start Timer (OST);

11.Watchdog Timer (WDT) with its own built-in RC-generator to increase reliability

12.Programmable code protection;
13.Power saving mode (SLEEP);

14.Selectable clock modes;

of operation;

15.Cost-effective, high-speed CMOS EEPROM technology;

16.Fully static architecture;

17.Wide range of operating supply voltages: from 2.5 V. t0 6.0 V;

18.Commercial, industrial and extended temperature ranges;

19.Low power consumption:
20. <2mA at5.0 V. 4.0 MHz;

21.15 pA (typical value) at 3 V, 32 kHz;

22.<1.0 pA (typical value) in STANDBY mode.

The microcontroller is programmed using an in-circuit emulator-debugger,

based on the use of PIC16C6X series crystals. Such a programmer allows using the in-

circuit debugging capability implemented in the PIC16C6x series chips, running under
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the Integrated Development Environment (IDE). The debugger provides startup, step-

by-step debugging, installation / removal of the program breakpoint, and so on.

The principle of programming the microcontroller is as follows: the COM port
of the computer is connected to the chip of the programmer, where the PIC is located.
In the process of programming a debuggable PIC in its Programmemory, a small
subroutine of the ICD Debugger is appended to the debugged program, which receives

control when the Microcontroller is Started or Reset.

This subroutine communicates with the computer and allows you to execute

commands such as:

1. Run one step of the program being debugged (Step);

2. Run the debugged program in real time;

3. Halt;

4. Reset the microcontroller;

5. Transfer the contents of control registers or memory registers to the computer;
6. Change the contents of the control register or memory register.

To measure the resistance, a Capture-module of the microcontroller is used, capable of
storing the value of a 16-bit counter at the time of an external signal. This allows the

hardware to implement the measurement by the integration method.
Measuring the resistance of thermistors consists of the following steps:

To measure the resistance, a Capture-module of the microcontroller is used, capable of
storing the value of a 16-bit counter at the time of an external signal. This allows the
hardware to implement the measurement by the integration method.

Measuring the resistance of thermistors consists of the following steps:

1. Discharge the capacitor C1 through the resistor R2 by applying a logic zero
to the output RC2 DD1.
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5.3.Triac Power Controller

The 1182PM1 chip is a new solution to the power adjustment problem.

Conversion of RCO, RC1 to high-impedance state, supply of logical unit to

RAS5. RC2 is programmed as the input of the Capture module, the internal

counter is started.

The voltage on the capacitor increases smoothly, and when its level exceeds

the limit of approximately 3 V, the Capture module is activated, the contents

of the counter are stored.

Repeat steps 1..3, but the logical unit is fed to RCO (charge through the

temperature sensor).

Repeat steps 1..3, but the logical unit is fed to RC1 (charge through the

overheating sensor).

Features:

1. The maximum load power is not more than 150 W;

2. Sequential switching with load;

3. Low-voltage and low-power external controls.

When using one 118MII1 chip in the device, the permissible power is limited to 150

W. It is necessary to consider the possibility of increasing the permissible load power.

To do this, you must connect two or more chips in parallel, as shown in Figure 14.
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4
network C11.0¥[_¢

~220V

R

ACH
AC1
CNT1
CNT2
AC2
AC2

w

KP1182NMm1

C+

3V

C21,0 +[

O

i

ACI
ACH
CNT1
CNT2

>
9.
N

AC2

KP1182NMM1

C+

CONTROLLING CURCUIT

Figure 14 - Diagram of connection of microcircuits for increasing the adjustable power

The permissible power increases in proportion to the number of microcircuits.

The number of controls remains the same. The control elements are connected to one

of the microcircuits, the other chips are connected to each other by the outputs of the
power thyristors 14, 15 (AC1) and 10, 11 (AC2), the control inputs C- (pin 3) and C +

(pin 6) of each microcircuit are shorted, excepting main.

Of course, the resulting performance gain is not the most effective. A more

effective method of increasing the adjustable power is the option (figure 15.), in which
the chip will control the triac VS1 (MTT2-63-7), and already it will load EL1 up to

seven kilowatts.
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Figure 15 - Using a triac to control the current on the cell of the cell
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The connection between the microcontroller and the power controller is carried

out with the help of a transistor optocoupler AOD128A, which performs the function

of a logical key.

Optocouplers (Figure 16.) refer to such optoelectronic devices in which there is

a source and receiver of radiation (light emitter and photodetector) with some kind of

optical and electrical connection between them, structurally related to each other.

Figure 16 - Transistor optocoupler

By feeding the control signal from the microcontroller to the light emitter (diode)

of the optocoupler, the key is activated. Thus, the use of an optocoupler provides

galvanic isolation between the regulator and the source of the control electrical signal.
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6. DESCRIPTION OF THE AUTOMATION DIAGRAM OF THE TP OF
HYDROGEN PRODUCTION BY ELECTROLYTIC METHOD

When developing the scheme for automating hydrogen production, the following tasks

shall be solved:

1. To obtain primary information about the state of the technological process and

equipment;
2. stabilize technological process parameters;

3. control and registration of technological parameters of process and condition of

technological equipment.

The process of hydrogen production begins in the electrolyzer, it is filled with
electrolyte in advance and is fed by electrolyte from the storage heater. At this stage,
the electrolyte temperature, its density and level, as well as the pressure in the cell are
monitored. The process is controlled by the channel level of the electrolyte - the supply
of electrolyte from the preparation system. Also, electrolyzers are equipped with
thermal relays that do not allow the electrolyte to boil or overheat, shutting off the
supply of voltage to the cell when the critical temperature is reached. All instruments
in explosion-proof design, control actions (for example, regulation of the electrolyte
level and its supply to the cell) / 7 / are formed using technological measuring-
regulators such as Metran-961. Thermoelectric converters of the type TXK Metran-252
(Fig. 4) are used as temperature meters with a natural output signal. The secondary
device is Metran-901, it is also used to indicate all parameters that do not require

regulation.

To measure the pressure, sensors of the Metran-75 type are used, in explosion-proof
design and with a unified signa
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Figure 17- Various versions of the Metran - 252 sensors
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To measure and record the flow of gases at the outlet of the system, flowmeters of

variable pressure drop type Rosemount 3051SFC, shown in Figure 17, are used.

Figure 18 - Rosemount 3051SFC flowmeter with diaphragm
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Rosemount 5300 wave radar level meters are used to measure and regulate the level in
electrolyzers, storage heater and equalizing tanks, which work in conjunction with the
Metran-961 technological measuring-regulator and a universal Samson 3214 control

valve with a built-in current signal converter and an electric drive, shown in Fig. 18.

To control the purity of gases, as well as for the emergency protection system,
thermal conductivity sensors of hydrogen are used. These sensors are of low accuracy
and react only to the appearance of gas in the pipeline, providing subsequent overlap /
opening during the switching between technological modes. In addition, two full-
fledged gas analyzers are used - thermal conductivity for hydrogen (GEXMTC) and
thermomagnetic for oxygen (GEXMOZ2) respectively. The sensors provide remote
signal transmission to the Metran-961 regulators and a lock / unlock signal to the

valves, in the case of a drop in the concentration of the measured substances.

To measure the density of the electrolyte, vibratory density meters of the type VP 804,

with a unified output signal.

1

Figure 7 - Samson-3214 Control Valve

Voltmeters of M42301 direct current type are used to measure the voltage on the
electrolytic cell, and the voltmeter of alternating current type E311-1 is used to measure

the supply voltage of the storage heater.
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7. CONCLUSION

In this master's work, a large-scale study of the technological process was carried
out, information was found and processed from specific sources of information,
methods of designing automatic control and regulation systems using modern software
were applied. In addition, the knowledge accumulated during the study of the master's

course of study was structured.

In the course of the graduation project, in accordance with the assigned task, a
multifunctional automated control system was created to ensure the safe operation of

equipment and the flow of the technological process of hydrogen production.
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Apendix A. Technological parameter

Value of the Method Type of control and management
controlled Place of | of
Technological parameter value control Control | Registration | Regulation | Signaling
parameter parameter
control
1]2 3 4 5 6 7 8 9
ELECTROLYSER
1 | The temperature of the 80 +2°C pipeline + - - -
electrolyte coming from
the preparation system
2 | The temperature of the 80+5°C cell body + + + -
electrolyte inside the cell
3 | Pressure 10+2 atm cell body + - - max 13
atm
4 | Density of electrolyte 1230 + cell body + + - -
50kg/m3
5 | Cell voltage 200-230V cell body + - + min.
180V
max.
260V
6 | Electrolyte level 1.5+0.1m cell body + + + min. 1.3
m
max.
1.7m
7 | The temperature of the electrolyte 65+5°C at the + - - -
in the recirculation system entrance
(at the entrance to the cell) to the
cell)




Apendix A. Technological parameter

HYDROGEN FLUID REGULATOR

Pressure 6+2atm washer min.
body 3atm
max.
8atm
REGULATOR-WASHER OF OXYGEN
Pressure 6+2atm washer min.
body 3atm
max.
8atm
SURGE TANKS
Distillate level 0.5+0.1m surge min.
tanks 0.3m
max.
0.7m
FLAME FILTER
Hydrogen concentration 0+2% pipes max 1%
HYDRAULIC LOCK
Oxygen concentration 98+0.1% pipes min. 95%
Oxygen flow rate 1.5+0.2,m3/ | pipes -
h
EXPANDER
Hydrogen concentration 0+2% pipes max. 1%
COOLER BODY
Hydrogen concentration 99+40.1% pipes min. 95%
Hydrogen flow rate 3+0.2, m¥h | pipes -




Apendix A. Technological parameter

ACCUMULATOR HEATER

Temperature of the electrolyte 20+5°C pipes
at the inlet to the heater

Temperature of the electrolyte 80+2°C pipes
at the outlet of the heater

Level of liquid in the heater 140.1m heater

body
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