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The World Economic Forum predicts that most technologies in Industry 4.0 applica-
tions will become commonplace by 2027 [1]. Experts highlight such key trends of the Fourth
Industrial Revolution as artificial intelligence, robotics and the industrial version of Internet
of Things (11oT) aims of which are to create fully automated industries where traditional en-
gineering models coexist harmoniously with computer intelligence models. The biggest task
of Industry 4.0 is to achieve such a level of automation at the enterprise that machines can
work without human intervention in all possible areas. Collected data should be processed and
sent to local control systems that monitor physical processes and make decentralized deci-
sions. These local systems can interact in real time, self-adjust and self-learn, as well as be
integrated into a single network under the regular control of the personnel of the relevant ar-
eas of the enterprise, which responds to emergency situations only [2].

Sulfuric acid is one of the most important industrial acids, with global production ex-
ceeding 190 million tons in 2008, showing a growth rate of approximately 1.8 % per year [3].
One of the many applications is steel pickling. This is the final stage of scale removal in the
rolling mill. The number of companies that are the world's largest steel producers that use sul-
furic acid exceeds the number of companies that use other technologies [4]. In the continuous
pickling line, which is the final process in the production of rolled steel, a large amount of
aqueous sulfuric acid is used as pickling fluid (PF). Sludge, sour water, iron sulfate, metal
salts, and spent acids are byproducts of steel etching with sulfuric acid and are hazardous
waste according to the EPA [5]. In addition, the solution must be regenerated or discharged
into industrial water for neutralization followed by water purification [6, 7] and preparation of
a new, fresh solution. These actions increase the operating, resource and energy costs of the
process.

Pickling lines [8] consisting of several pickling baths and hydrojet pickling treatment
section are now predominant and meet the technical requirements of Industry 4.0 for energy
efficiency and minimization of environmental emissions. Hydrojet processing (HP) of sheet
metal with PF is a high-speed jet impact on the treated surface. Over time the content of solid
products of the acid pickling reaction in the PF increases and an uncontrolled polishing effect
is introduced into the process. The way to make the process cost-effective and ensure proper
environmental protection is to solve the urgent problem of developing modern HP control
system based on intelligent methods and models.

The process of removing defects on the surface of rolled carbon steel is carried out by
a continuous pickling line in a liquid technological pickling solutions. PF is a diluted sulfuric
acid, removes point oxides and films, but also affects the steel surface, partially dissolving
one too. When an acute-angled abrasive particle collides with a metal, the process of cutting a
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micron layer of the entire surface or local scale defects occurs.

One of the technological process (TP) quality control criteria is the surface cleanliness
factor, which uses estimates of the identification of surface defects, and in general it can be
presented:
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where S — the area of defects of the i-th class with a thickness of 8, at the exit from the

TP; S J[” — the area of j-th class defects with thickness & ; at the entrance to the TP.

Exceeding the g. value set by the TP regulation (7, < 0.02) during a certain time period
of the specified observation window (z(k);¢(k+10)) indicates the need to change the training
rules and parameters of the identification model. The second quality control criterion of TP is
q,, — the consumption coefficient of steel mass (regulated by the value ¢,, <7, =0.05):

(x(k),d(k)},k=1,2,..,N, )

where m? and m™ — are the mass of the steel roll after processing and at the entrance to the
TP, respectively.

Therefore, in order to minimize PF consumption and unreasonable metal losses, it is
very important to control such process parameters as the dwell time in the PF, the temperature
and composition of the pickling solution in the baths, the pressure and speed of the PF in the
hydro-processing water jets (WJ).

The parameters of these processes are non-linear, interconnected and indirectly influ-
ence each other. The starting energy of the pulse of the PF liquid flow E;(a) is directly & -

proportional to the rational root of the tangential stress of the PF flow — 1, (F,) created on
the surface of the defect due to the supply of PF with the pressure £, from the distance / from
the jet to the surface [9], which can be simplified as:

E(a)~k-1-\Jt,(R), 3)

where E;(o)1s the energy momentum of the PF flow, which is also nonlinearly present in the

Arrhenius equation [10], adapted to the problem of the WJ, replacing the increase in thermal
energy £ during the pickling time of the defect At =¢,,, —1,:

C(t _E,+E (a) A
SN (4)
c(,)

where C(f,,,))— the concentration of sulfuric acid in the bath at the end of digestion after

U

time T, ;

C(¢,) — 1s the initial acid concentration; 4 — the Arrhenius factor; £, = f (C, T)-
reaction activation energy; R — is the universal gas constant; 7' — the temperature of PF [°K].
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The results of studies of the influence of an uncontrolled increasing of the abrasive
content in the PF on the quality of metal surface HP were not found by the authors in the
sources of scientific and technical information. Given the above, this work is devoted to the
development of an intelligent models for controlling the HP of the surface of carbon steel
rolled products defects.

To solve the task of managing of the surface defects processing, an intelligent control
system is proposed, the structure and contents of which are shown in Fig.1:
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Figure 1 — The intelligent control system structure for the surface defects hydro-processing

The figure shows: d(RGB) — neural network model-identifier of defect thickness & by
color code obtained from fuzzy classifier, which was made by the c-means fuzzy method [11]
when experimental dataset of 1400 points was processed; D" — geometric rectangle coordi-
nates of the m-th defect; B*(n) — tasks that are formed by the reference neural network
model-identifier with the structure (4-16-1); F,(n) — the value of the real pressure PF at time
n; L = (120+240) [m] — the specified fixed distance of the rolling stock loop; V' — still strip
winding speed; rffn — the duration of the control voltage suppling to the jet, which is formed

by the neural network model of the PF supply pressure regulator with the structure (6-24-1);
ED — electric drive; WJ — HP waterjets; TP — technological process; g, — surface cleanliness

and q,, — steel mass consumption criteria.

For the creation of such an intelligent system, it is necessary to take into account the
nature of the change in input parameters, the architecture of the artificial neural network
(ANN) being developed, and data sets for training.

The ability of neural networks to approximate unknown “input-output” mapping re-
gions is widely used for object identification. The properties of the radial ANN are com-
pletely determined by the radial basis functions (RBF) used in the neurons of the hidden layer.

RBF neural nets (RBNN) are the universal approximators and because only one
nonlinear hidden layer is present, the parameters of the linear output layer are the subject of
adjustment with standard procedures [12]. High speed and filtering properties may be used for
their training, which is very useful when processing the "noisy" measurements. A non-linear
input-output mapping may be described by the relation:

d= f(x), (5)
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where x — (n+1) — dimensional input vector; d — output vector; f(x) — unknown vector-
function, which is evaluated by the help of training sample {x(k),d(k)},k=1,2,...,N .

The problem of learning the approximating neural network is to find a function F(x)
so close f(x) to that:

|F(x)— f(x)| <& Vx(k):k=1,2,..,N, (6)

where F'(x) — the mapping realized by the network; € — is a small positive number, that de-

termines the accuracy of the approximation. In this context, the problem of approximation
completely coincides with the problem of “training with the teacher” or supervised learning,
where the sequence plays the role of the ANN input signal, and f(x) is the training signal.

The process of a model building is divided into two stages - structural and parametric
identification, and the application of the ANN also requires solving two problems: determin-
ing the network structure and setting (training) its parameters. Usually, a change in the net-
work structure is made by its gradual complication by adding new neurons, performed each
time when an additional identification error e=d —y occurs when a new input signal ap-

pears, exceeding the permissible one. Taking into account the monotonic nature of the
abrasive component increasing in the PF content, the approach of dichotomous discrimination
of the neurons number in the RBNN hidden layer was applied with an imposed limitation on

the accuracy of the model (the recognition coefficient R*= 0.005). The dichotomous search
algorithm on ordered sequences is widely used [13] and saves N —log, N cycles of parame-

terization when setting up the network compared to a sequential decrement of the number of
neurons starting from N =200. Training (parametric identification) consists in determining
the network parameters and reduces to minimizing the identification error — as a rule, a quad-
ratic error functional:

J() =g =d o) - vk @)
In practice, the most common are discrete learning algorithms of the form:
Wy (k1) = w (k) + (ke (k) (K), (8)
or in vector form:

wi(k+1) =w; (k) =V, E; (k) =w; (k) +n(k)e; (k)x; (k), ©)

where V,, E (k) =—e;(k)x;(k) — is the gradient vector of the objective function by the synap-
tic weights. The speed of the learning process using the algorithm (7), (8) is completely de-
termined by the choice of the parameter n, that determines the step of the displacement in the

space of the tunable parameters. It is natural to choose this parameter so that the rate of con-
vergence of the current values w;(k) to the optimal hypothetical weights will be maximal.

Introducing into consideration, the vector of deviations of the current values w;(k) from the
optimal values in the form:
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(k) =w, —w;(k), (10)

and the differential equation solution:

2
o|w; (k)
sl "
o
the optimal value of the step parameter may be obtained in the form:
-2
k) =[x, (12)

that leads to a one-step learning algorithm known as the Kaczmarz — Widrow — Hoff algo-
rithm [14] in the ANN theory:

(k+1) = w, (k) + SR 13
=@ (13)

The cut of the model P (k)= f(C,C,,T,8(k)) P (n), reduced by the fixed parame-

ters: temperature 7 and concentration C of PF, identifies B* (k) — the pressure necessary to

ensure the given process speed at the current varying values of defects thickness o6, and
transmits in the & -th moment of discrete time as the value of task for the WJ regulator.
On the basis of the 3(RGB) fuzzy classifier and Response Surface Methodology [15],

RBNN with structure (4-16-1) forming the surface B = f(C,C,,T,8) was built in the
NeuroPh studio package (Fig.2), where C, — concentration of reaction products (FeSOy - salts
with an abrasive effect) in PF.

C=12,[%]
Px105  T=88 [C]
[Pa]

Figure 2 — Fragments of the P,* = f(C,C,,T,5) surface
The limited possibilities of linear pressure control in the jets do not always allow
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maintaining the required rate of change of the TP output parameters. Dynamic changes in £,

reduce the quality of defect removal. These problems can be solved by improving the control
system with the help of RBNN, adjusted to real TP data. For this purpose, it is expedient to

simulate the pressure control process F, .

The neural network model of the PF supply pressure regulator for pre-irrigation of de-
fects forms a control voltage of a certain duration and polarity. In its full form, the RBNN
presentation of preliminary irrigation of the non-systemic point defects of steel strip surface
(ND) is a rather cumbersome structure:

Tgn :FNN(C’T’V(n)aDm’sn(ynm)’[-;(n_1)’Pt(n)’tf(n_1)’tf(n)’AtP) > (14)

U_

where 1,

the duration of the control voltage supply to the jet in cycle n; C,T — PF pa-
rameters (stable during irrigation); V(n) — tape winding speed (constant); D™ — geometric
coordinates of the m-th defect; 8, (Y,") — an estimate of the thickness of the defect, which de-
pends on the estimate of the brightness of its color Y, (RGB) and is estimated by the classi-
fier; Atp=t,(n—1)—t,(n) — entered into the RBNN to calculate the polarity of the control

voltage U when Y(RGB) — evaluation of defects by brightness is changing.

Optimal values of PF parameters are maintained in each control cycle. When using a
color classifier of defects, it is possible to estimate the value of the parameter that controls
their elimination — the time to adjust the nozzle cross-section to create the necessary PF pres-
sure for irrigation of the defect. This makes it possible to simplify the model (14), reducing its
dimension. For defects in the rolled strip to be pickled, RBNN by the thickness component

5,(¥,") and the geometric coordinates of the defect length D" = 3" —y{" identifies the re-
quired supply PS pressure P; (n) through the j-th jet (FESTO ESBF-LS-40-30-2.5P model):

Ton (1) = fay (V (1), D} (), B(n=1), B (n), 1 (n =1, £ (m)). (15)

Model is illustrated in Fig. 3.

Figure 3 — RBNN model of the j-th jet voltage control

The representation of the RBNN model of the jet control electric drive activation time
has the structure (6-24-1) with a clock delay z7! to take into account the dynamics of parame-
ter changes. The duration of turning on the electric drive 1> to control the area of the passing
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section of the jet and the pressure at the exit of the PF from the jet by the value AP, adap-
tively changes according to an assumed proportional law with coefficients &, on each seg-
ment (P,;P,,,) inside the n-th class (Fig.4) — only individual singletons of measured and
passport values are known. It is assumed that the continuous function 7,(F) increases mono-
tonically and is linearized piecewise in n unequal classes on the definition domain
P, =(0;6)x10° [Pa]. The dependences !riivny = F(Fiys1y) are assumed to be linear for
i=12,..,n in adjacent segments. The assumption about the effect of linear laws ¢,(F))

within 7 classes makes it possible to determine ¢ ;):

P = tp(n)—t,(n-1

" Bm-Ba-D) (1

YR (t): B(n~1) < P(1) < P(n). (17)

tf (l) — B(ti) _k[—;(n _1)

n

The value of the previous iteration is known, then the duration of the supply of the
control voltage to change the cross-sectional area of the jet:

5, =t (=1~ (n). (18)
The change in voltage polarity (in the direction of movement of the jet needle) is de-

termined by the sign of the pressure deviation from the operating pressure at the previous
moment:

sign(U,,,) = sign(P,(n~1)~ B.(n)). (19)

trx 10, [s] tr (Pr)
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Figure 4 — Representation of linear laws ¢, (£})

So situation of pressure change from F,_; to P; without voltage sign change is illus-
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trated in Fig.4: 15, (i)=[3.6-1.65/-10*=0.95-10* [s]. Then the marker (Fig.5) of the real
time of turning on the jet ¢, :

1 L _
t=t -1 + —V7(n3) , (20)

where #; — is a marker of real-time identification of the defect area; L;_; = (120-240) [m] —
the specified fixed distance of the rolling stock loop; V' (n)=const — conditionally constant
regulated speed < 2 [m/s]. It gives the system time to work out the control signals.

@I" Fra b
S1 _ Al i
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Figure 5 — Input segmentation of non-systematic defects and hydro-processing of rolled strip

According to the positional coordinates, parts of ND are often assigned to different
segments S; of the rolling strip [16]. In a general form, the logical rule for determining the
task of processing the defect fraction for the jet A; at the moment of time t; is the geometrical
belonging of the defect fraction to the corresponding rolled segment:

A; 1 Pi(t) = R(x,y,8(X, ) A (D) (1) €S,), (1)

where R is the determining rule of the preferred alternative, which is specified during the syn-
thesis or training of the regulator and eliminates the ambiguity of the control situation. The
width of the segment S; =2r (Fig. 5) corresponds in size to the part of the surface of the

rolled strip irrigated by the jet A4; at the time of the control influence.

Technically determined restrictions on the number of jets N lead to ambiguous control
influences for the processing of parts of defects located in the same sector §; of the rolled
surface, but different in the values of X,,. The physical meaning of the ratio R is as follows: in
the sector of the surface §; treated with the jet 4, the simultaneous presence of defects with
different color characteristics X,, logic control rule is set depending on the priority require-

ments of the TP: minimum, average or maximum impact on the ND sector (increased pressure
in the jet). Fig. 5 illustrates the situation of selecting the control rule for jet A2 at the time in-

terval (#;¢,), taken as a basis for the synthesis of the regulator R : max(F).
When forming training pairs, the determining rule R of the preferred pressure control
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U

alternative is finally adopted in the following form — if A¢p(n) can be compared with t,,,

then the control influence is formed based on the assessment of the following defect area
D" (n+1):if 8(n+1)>>38(n), then P, = B*(S(n +1)). If 8(n+1)—08(n) <95, , where 5, is the
regulated value of the current deviations of defect thickness estimates, then the pressure does
not change until the next defect region.

The output signal of the model B* =(x,»,8(Y)) and signal ¢, are used as an input
data for RBNN model (15). Basic Gaussian functions with fixed centers and radii are used in
the model for approximation of the defect relief B* =(x,1,0(Y)), model (15) — generation of

control influences and subsequent correction of identification standards. For defects of the
rolled strip to be pickled, the radial base network 6= (x, y,Y) based on the brightness com-

ponent and the geometric coordinates forms the image of the defect the task of the supply
pressure B* = f(C =const,C, = const,T = const,d) of the pickling solution through the j-th

jet is formed. Models obtained by simulation in the Neuroph Studio package.
The error in the operation of the regulator e(n) during pressure control in jet (WJ item
in Fig. 1) is determined by the difference between the current value of the real pressure PF

P,(n) and the task P (n):
e(n) = B(n)— P, (n). (22)

When the level of accumulated errors e(n) in the control loop is exceeded according

to criteria (1, 2), the reference model of task formation B* = f(C,C,,T,0) 1s adjusted. Taking

into account the concentric-elliptical shape of the ND on the surface of the strip, which is due
to the physical nature of their formation, it is possible to apply a forecasting model of control-
ling influences along the horizons of the color change of the defect area.

The structure of an intelligent control system for the hydro-processing of surface de-
fects in rolled products is presented, which corresponds to the concept of the European pro-
gram "Industry 4.0" in the direction of energy saving and total automation of processes.

The considered local RBNN hydro-processing models are tuned using the Kaczmarz-
Widrow-Hoff algorithm. The model for identifying the current task of the pressure of the
processing fluid takes into account the relationship between the thickness of the processed
defect, changes in the composition of the processing fluid and, as a result, its abrasive proper-
ties. To form a given pressure in the corresponding jet, the following neural model estimates
the duration and polarity of the voltage that controls the electric drive of the jet control valve
in real time.

The small-dimensional models’ conveyor is a promising solution for controlling wa-
terjet processing of metals in such areas as rounding sharp edges; grinding and polishing
complex surfaces; deburring and cleaning of welds; surface preparation for coating; removal
of defects from the surface; high-precision waterjet cutting of metals [18]. In combination
with other measures to automate the modernized sulfuric acid pickling lines [19], the solution
will reduce the consumption of sulfuric acid and increase the TP speed (V' (n)) from 1.2 to

1.96 [m/s]. Taking into account the small dimensions of the models and the relatively low
speed of the TP, a software application based on the proposed models can be implemented in
the control system for the hydro-processing of rolled metal products in the form of an inex-
pensive IIOT microcontroller module.
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Inronin O., x.TexH.H., Xogak M., acipanTt, [Iuporos B., maricTpasr,
[Tamonox O., marictpant, Tpury6a M., marictpant, Cepatok C., GakanaBpaHT

IHTEJEKTYAJIbBHI MOJEJII KEPYBAHHSA CTPYMEHEBOIO
I''IIPOOBPOBKOIO JE®EKTIB ITPOKATY

HagaHno cTpykTypy IHTENEKTYyaabHOI CUCTEMU YIPAaBIIHHSA I1Apo00OpOOKOIO MOBEPXHE-
BHX JI€EKTIB MPOKATY, SKa BIAMOBIAAE KOHIICTII 3aralbHOEBpOTIEHChKOT Tporpamu «IHmyc-
Tpist 4.0» 3a HanPsIMOM e€HepPro30epeKEHHs Ta AaBTOMATU3AIII] TEXHOJIOTTYHUX MPOIIECIB.

Posrisnyti nokansHi RBNN mozeni rigpoo6poOku HajmamToBaHi 3a JOIOMOTOIO a-
roputMy Kaumaxa-Bigpoy-Xodda. Monens iaeHTH(IKaLli TOTOYHOTO 3aBJaHHSA THCKY PO-
00401 pIIMHU BPaXxOBYE B3a€MO3B'SI30K MK TOBIIMHOIO O0OpOOIIIOBaHOrO AePEKTy, 3MIHAMU
cKJany poOouoi piiMHU Ta, SIK HACIIAOK, il abpa3uBHUX BiactuBocTeil. s popmyBaHHs 3a-
JAHOTO THCKY Yy BIANOBIIHOMY COIUII HACTYIIHA HEMPOMOJEINb OLIHIOE TPUBAIICTH 1 MOJSP-
HICTh HaIlpyT'H, 110 YIPaBJs€ €IEKTPOIPUBOJIOM PEryII0I0YOro KilaraHa Comjia B PeXuMi pe-
QJIbHOT'O Yacy.

KoHnBeep mManopo3MipHuX Mojeel € NepCleKTUBHUM PIICHHSIM JUIsl KEpYBaHHS TilI-
poalpa3uBHOIO OOpPOOKOIO MeETalliB TaKUX HANPSAMKIB SIK 3a0KPYIJVIEHHS TOCTPUX KPOMOK;
nutiyBaHHS Ta MOJIPYBAHHS CKJIAJHUX IMOBEPXOHB; BUAAJICHHS 3aJUPOK Ta 3aYMILECHHS 3Ba-
PHUX LIBIB; MMIFOTOBKA MOBEPXH1 JJ0 HAHECEHHS TOKPUTTSI; BUAAJICHHS 1€(DEKTIB 13 MOBEPXHI;
BHCOKOTOYHE Tiipoadpa3suBHE pi3aHHS METaliB. Y KOMIUIEKCI 3 IHIIMMHU 3aX0JaMH ILI0JI0 aB-
TOMaTH3aLll MOJAEPHI30BAHUX JIIHINA CIPUaHOKHUCIOTHOTO TPABJIEHHS PILLIEHHS JO3BOJIUTDH 3HU-
3UTHU BUTPATH CipyaHOi KMUCIOTH Ta 30utbunTy mBuiakicts TII 3 1,2 o 1,96 [m/c]. 3 ypaxy-
BAaHHSAM MaJioi pO3MIPHOCTI MoJieJiell Ta BiAIHOCHO HeBUCOKOi mBuaKocTi TII nporpamuuii no-
JIaTOK, 3aCHOBaHUI Ha 3alIPONIOHOBAHUX MOJIENSIX, MOKe OyTH pealli3oBaHUI y CUCTEMI Kepy-
BaHHA T'IpO0OPOOKOI0 METANIONPOKATY Yy BUIJISA1 HEAOPOTOro MIKPOKOHTPOJIEPHOTO MOJTYJIs
IIOT.

KuouoBi ciioBa: crpymeneBa rigpoo0OpoOka, moBepxHEeBUi NeeKT, IHTEICKTyalbHE
KEepyBaHHsI, HEUITKUH Kiacudikatop, metox c-means, PBHM.

Wntonun O., k.TexH.H., Xonak M., acniupanT, [Tuporos B., maructpanr,
[Mamonox O., maructpant, Tpuryba M., marucrpant, Cepatok C., bakanaBpuaHT

UHTEJUIEKTYAJBHBIE MOJEJIA YIIPABJIEHUS CTPYHUHOM
T'HAPOOBPABOTKOM JE®EKTOB ITPOKATA

[IpencraBneHa CTpykTypa MHTEIUICKTYadbHOW CHCTEMBI YIpaBIEHUS THAPOOOpadOT-
KOM MOBEPXHOCTHBIX Ne(EKTOB MpOKaTa, KOTOpasi COOTBETCTBYET KOHIICTIIIUU OOIICeBPOIICHi-
ckoii mporpammbl «MuamycTpust 4.0» M0 HapaBICHUIO YHEPTOCOSPEKEHN U aBTOMATHU3AIUH.
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MOAEJTIOBAHHS IMTPOLECIB TPOMUCIIOBOIO OBJTAQHAHHS

TEXHOJIOTHYECKHX IPOLIECCOB.

Paccmotpennsie nokansabie RBNN mozaenu ruapooOpabOTKu HaCTPOEHHBI C MTOMO-
upio anroputma Kaumaka-Bunpoy-Xodda. Monens maeHTUPUKALMN TEKYLIETO 3aJaHUs
TaBJICHUS pabovel KUIKOCTH YIUTHIBAET B3aUMOCBS3b MEXKIY TOJIIMHON 00pabdaThIiBAEMOTO
nedexTa, M3MEHEHMSIMH cOcTaBa paboyeil KUAKOCTH M, KakK CJeACTBHE, ee aOpa3uBHBIX
cBoiicTtB. lyig hopMUpOBaHMS 3a/1laHOTO JABJIEHHS B COOTBETCTBYIOILEM COIUIE CIIEAYHOIIast
HEHPOMO/IETb OLEHUBAET JUIMTEIBLHOCTh U TMOJIIPHOCTb HANPSDKEHUS, YIPABISIOUIETO 3JIEK-
TPOINPHUBOIOM UT0JIbUATOrO KJIallaHa CoIlIa B PEeXKUME pealbHOIO BPEMEHH.

Kougeiiep ManopasmMepHbIX MoJeNel SBISETCS NEPCIEKTUBHBIM pEIICHUEM JUIs
yrpasiieHus ruipoabpa3uBHON 00pabOTKOIM METAJIJIOB TaKUX HANpPABJICHUI: CKPYIJIEHHUE OCT-
PBIX KPOMOK; HUIM(OBKA U MOJUPOBKA CIIOKHBIX MMOBEPXHOCTEN; y/laJeHHE 3ayCEeHLEB U 3a-
YHCTKa CBAPHBIX IIBOB; IOJrOTOBKA MMOBEPXHOCTH K HAHECEHUIO TIOKPHITHS; yaJleHUe NeeK-
TOB C [TIOBEPXHOCTH; BHICOKOTOYHAsA THpoadpa3uBHas pe3ka MeTaisioB. B kommiekce ¢ apy-
TUMH MEPOIIPHATUSAMHU IO aBTOMATH3AIlMM MOJICPHU3MPOBAHHBIX JIMHUH CEPHOKUCIOTHOTO
TpaBJICHUsI pElIeHHE MMO3BOJIUT yBeIUUUTh ckopocTh TII ¢ 1,2 1o 1,96 [m/c]. C yuetom manoii
Pa3MEPHOCTH MOJIENEN U OTHOCUTEIBHO HEBBICOKOW ckopoctu TII mporpammHoe mpuiioxe-
HUE, OCHOBaHHOE Ha IMPEIJI0KEHHBIX MOJIENSIX, MOXKET ObITh PEAJTM30BAHO B CUCTEME YIIPaB-
JIEHUS THAPOOOPaObOTKOM MEeTaJIJIONpoKaTa B BUJE HEOPOrOro MUKPOKOHTPOJIEPHOTO MOJTY-
ns [IOT.

KiioueBblie ciioBa: crpyitHas ruapooOpadboTka, MedeKT MOBEPXHOCTH, HHTEIUICKTY-
aJlbHOE YIIpaBJIEHUE, HEUEeTKUH Kilaccupukarop, Meton c-cpeanux, PBHC.

[lyunin O., Cand. Eng. Sc., Senior Lecturer; Khodak M., PhD stu; Pyrohov V., MEng stu;
Pasholoc O., MSc stu; Tryhuba M., MSc stu; Serdiuk S., BEng stu

INTELLIGENT MODELS FOR CONTROL OF JET HYDRO-PROCESSING OF
ROLLED STEEL DEFECTS

The structure of an intelligent control system for the hydro-processing of surface de-
fects in rolled products is presented, which corresponds to the concept of the European pro-
gram "Industry 4.0" in the direction of energy saving and total automation of processes.

The considered local RBNN hydro-processing models are tuned using the Kaczmarz-
Widrow-Hoff algorithm. The model for identifying the current task of the pressure of the
processing fluid takes into account the relationship between the thickness of the processed
defect, changes in the composition of the working fluid and, as a result, its abrasive proper-
ties. To form a given pressure in the corresponding jet, the following neural model estimates
the duration and polarity of the voltage that controls the electric drive of the jet control valve
in real time.

The small-dimensional models’ conveyor is a promising solution for controlling wa-
terjet processing of metals in such areas as rounding sharp edges; grinding and polishing
complex surfaces; deburring and cleaning of welds; surface preparation for coating; removal
of defects from the surface; high-precision waterjet cutting of metals. The solution will in-
crease the speed of TP from 1.2 to 1.96 [m/s]. Taking into account the small dimensions of
the models and the relatively low speed of the TP, a software application based on the pro-
posed models can be implemented in the control system for the hydro-processing of rolled
metal products in the form of an inexpensive IIOT microcontroller module.

Keywords: jet hydro-processing, surface defect, intelligent control, fuzzy classifier, c-
means method, RBNN.
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