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NOAOBPABAHE PABOTATA HA
ABTOMATU3UPAHA BOOHA BAHA
3A NMOJTYHABAHE HA
HAHOD®UBPUIIU

CuesenuHa [enyeea, ToH4Yo Kornes,
3namuH 3names

Pestome: HaHogunbpunute ce nsnonssar npu
dyHKUMOHaNHMTE W AOMETUYHUTE XpaHu KaTo
HocuTenn Ha GMONOrM4YHO aKTMBHU BeLLecTBa 3a
notpeburenure. B 3aBMCUMOCT oT
AeHaTypupaHuaT 6enTbK, ce n3nckea
noaabpXaHe Ha xenaHaTa Temnepatypa ga 6vae
C MUHMMArHW OTKIMOHEHMUS, KOeTO He MOXe [Aa
6bOe NOCTUrHaTO C W3MNOoM3BaHe Ha MNo-4ecTo
N3non3BaHnsa  OBYMO3ULWNOHEH MeTogq  Ha
perynupaHe Ha Temnepatypa. [lpeanoxeH e
npeumsex meToa 3a perynupaHe Ha
Temnepartypata BbB BogHa 6aHs 3a nornyyaBaHe
Ha HaHonbpunu. PaspaboTeH e cumynaumMoHeH
CTeHA, Ype3 KOMTO moraT ga 6baart aHanusmpaHu
pe3ynTtatute OT pasNnU4yHM MeToAWM 3a HacTpouka
Ha NpOnNopLUNOHaNHO-UHTErpasHo-
andepeHuunanHm (nnao perynatopu "
peanu3auMs Ha  Knacudecku  ynpasnsasalim
anroputTMn 3a perynvpaHe Ha TemnepaTypa.
PaspaboTeHnte metog M MHCTPYMEHTM MoraT Aa
6baaT M3Non3BaHu Npu NPOEKTUPaHE Ha CUCTEMM
3a ynpasneHve Ha BogHu 6aHu 3a nonyyaBaHe Ha
HaHOUBPUNMK.

Knwo4yoBn gymm: HaHodumbpunu, uenynosa,
nweHuua, AeHaTypauus, Mnh  perynatop,
Temneparypa, TEXHONMOrM4eH npoLec

1. BbBepeHue

[MporpammpyemuTe NOrnm4yeckn KOHTponepu
(PLC) ca pasnpocTpaHeHu B pasnnyHu
obnactm Ha WHOYCTPManHOTO NPU3BOACTBO,

()

IMPROVING THE
OPERATION OF AN
AUTOMATED WATER
BATH TO OBTAIN
NANOFIBRILS
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Abstract: Nanofibrils are used in
functional and dietary foods as
carriers of biologically active
substances for consumers. Depending
on the denatured protein, deviations of
the desired temperature is required to
be minimized, which cannot be
achieved using the more commonly
used two-position temperature control
method. A precise method for
regulating the temperature in a
waterbath to produce nanofibrils is
proposed. A simulation stand has
been developed through which the
results of various methods for tuning
proportional-integral-differential  (PID)
controllers and the implementation of
classical control algorithms  for
temperature control can be analyzed.
The developed method and tools can
be used in the design of water bath
control systems for the production of
nanofibrils.

Keywords: Nanofibrils, cellulose,
wheat, denaturation, PID controller,
temperature, process

1. Introduction
Nanofibrils are obtained from
protein isolates. They are used in

224



Innovation and entrepreneurship, ISSN 1314-9253

Volume VII, number 4, 2019

3aMEeHSANKN penenHnTe Norm4yeckn CXemmn Kato
MO-NIECHO M MNO-eBTMHO peLleHne 1 ce e
npeBbpHaNo B CTaHAapT 3a uHAycTpuanHa
aBToOMaTu3aums.

HaHounbpunnute ce  nonyyaBat  OT
NpPOTEMHOBU M3onatu. Te ce m3nonsesaTt npu
YHKUMOHANMHUTE N ONETUYHUTE XpaHW KaTo
HOCUTENM Ha GMONOrMYHO aKTUBHM BeELLECTBa
3a nopobpsaABaHe Ha  34pPaBOCMOBHOTO
CbCTOSIHME Ha KoHcymaTopa [1,5].

KaTo n3ToyHMLM Ha NpOTEeUH ce m3nonasar
coeBus 1 nuweHnYHus. Mpu T9x, NpouecsbT Ha
nonyyaBaHe M3WCKBA  NOAAbpXaHe  Ha
TemnepaTypa ot 80°C 3a 16h BbLB BOAHa
GaHa. Tesn ubpunmu ce nonyyaBaT BbLB
BMCOKO KMCENUHHa cpeaa (pH=2).

HenpaBunHo noabpaHuaT TemnepaTtypeH
pexum npu npoueca Ha nonyvyaBaHe Ha
HaHoMOpunn, BOAM OO HegocTaTbyHa
AeHaTypauusa Ha MOreKynHata CTpykTypa Ha
GentbunTe, nNOA4 BNMSAHME HA  BUCOKa
TemnepaTypa, HansraHe, KUCeSIMHM U OCHOBW.
Mpn GentbumMTe ce 3acaraT YeTBbPTUYHATA,
TpeTuyHata, BTOpUYHATA MNPOCTPAHCTBEHA
cTpykTypa [10,15].

Warji wn konektmB [19] npegnarat
noptatMBHa BogHa OaHs 3a nonyyaBaHe Ha
HaHoMBpunw. MpegumcTBO Ha
NpennoXeHOTo YCTPONCTBO €, Ye OCHOBHMS
CbJ Ha BaHaTa € u3paboTeH OT HEeMarHWTeH
mMatepvan n aBTopuUTE W3NONM3BaT MarHWTHa
Obpkanka 3a nogabpXaHe Ha XOMOreHHa
TemnepaTtypa B cbaga. OCHOBEH HegocTaTbk

Ha YCTPOWCTBOTO €, Ye € W3Mos3BaH
TepMocTaT C  peneeH  MpuHUMN  Ha
yrnpaBneHve, nNpu KOETO ce nonyyasa

OTKIIOHEHWE OT XenaHata TemnepaTtypa 6-
10°C. CbabT He e u3onupaH U cuctemara e
nogatnuea Ha TeMmnepaTypHU CMYyLLEHUS,
kKoeTo 6u OOoBENno A0 3HAYUTENHU OTKNOHEHMS
OT >XefaHaTa CTOMHOCT Ha perynupyemara
BENMYMHa TemnepaTtypa.

B cBoe uscneasaHe Noji n konektmns [12]
yCTaHOBsBaT, ye Temnepatypara Ha
3arpsiBaHe MMa BaXkHa pond npu nosieata Ha

functional and dietary foods as
carriers of biologically active
substances to improve the health
of the consumer [1,5].

Soybeans and wheat are used
as protein sources. In this process,
the preparation process requires
maintaining a temperature of 80°C
for 16h in a water bath. These
fibrils are produced in high acidic
medium (pH=2). Incorrectly
selected temperature regime in the
process of nanofibrils production
leads to insufficient denaturation of
the molecular structure of proteins,
under the influence of high
temperature, pressure, acids and
bases. Proteins  affect the
quaternary, tertiary, secondary
spatial structure [10,15].

Warji et al. [19] offer a portable
water bath to produce nandfibrils.
The advantage of the proposed
device is that the main vessel of
the bath is made of non-magnetic
material and the authors use a
magnetic stirrer to maintain a
homogeneous temperature in the
vessel. The main disadvantage of
the device is that a thermostat with
a relay control principle is used to
obtain a deviation from the desired
temperature of 6-10°C. The vessel
is not insulated and the system is
susceptible to temperature
disturbances, which would lead to
significant deviations from the
desired value of the adjustable
temperature value.

In their study, Noji at al. [12]
found that warming temperature
played an important role in the
emergence of dialysis-related
amyloidosis and related
amyloidosis. Ohhashi et al. [13]
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CBbp3aHa C [guanu3a amunoupgosa U
CBbp3aHuTe C Hed amunoungosn. Ohhashi wn
konektme [13] npeagnarat nogobpsBaHe
npoueca Ha peHaTypauusi Ha 6enTbuM 4pes
yNTpa3BYKOBO TpeTUpaHe Ha npobuTe.

OT HanpaBeHMst aHanM3 Ha OOCTbIHUTE
nutepaTtypHn unatodHuum [1,4,8,12,14,18] ce
yCTaHOBM, 4Ye B [Jocera  M3BECTHUTE
pa3paboTkm Ha BogHM GaHW 3a nonyyaBaHe Ha
HAaHOUOPMNN  OCHOBHA  TEHOEHUMs €
nobaBaHeTo Ha pa3bbpkBaly, €NeMEeHT C Len
XOMOreHusnpaHe Ha 3arpsiBaHaTa cpefja.
OcHoBeH npobnem npu Te3n BaHU €
n3non3BaHeTo Ha TepmocTtaTt, paboTew c
ABYMNO3NLMOHEH MPUHUMN Ha perynupaHe. B
3aBUCMMOCT OT AeHaTypupaHuaT Gentbk, ce
N3nCKBa noggobpKaHe Ha XenaHaTta
Temnepatypa pgfa 6bae C  MUMHMManNHM
OTKNMoHeHnsa. ToBa He Moxe pna 0Obae
NOCTUrHaTo npu n3nonssaHe Ha
ABYNO3MNLMOHEH MPUHLMN Ha perynmpaHe.

Llenta Ha cTatuaTa e ga ce npeasioxu
npeumseH MeTog 3a  perynupaHe  Ha
Temnepatypata BbB BogHa ©OaHa  3a
nony4yaBaHe Ha HaHOBpUNK.

2. MaTtepuan n metoau

B Hactoawara pabota ca u3nonasaHu
M3XOOHW [aHHW OT nopTaTuBHA BaHa 3a
nony4yaBaHe Ha HaHoMbpwunu, npennoxeHa
ot Warji n konektms [19].

Cuctemata ce cbCcTOoM OT  BaHa,
HarpesaTer, eneKkTpuyeckn npeBKnYBaTen,
TepmocTaT, MHAMKaToOpHa namna, CTekep Wt
kaben. 3a nonyyaBaHe Ha HaHOMbPUNN e
n3nonseaH coeB npotenHosB nsonat, HCl 37%
N OBOWHO AecTunmpaHa Boaa.

Ha cmurypa 1 e npeacraBeHa paborata Ha
cuctemaTta noa yrnpasrieHneTo Ha
ABYNO3MLMOHEH perynaTop.

propose to improve the protein
denaturation process by sonication
of the samples.

From the analysis of the
available literature sources
[1,4,8,12,14,18], it was found that
in the known water baths for the
preparation of nanofibrils, the main
tendency is the addition of a stirring
element in order to homogenize the
heated medium. The main problem
with these tubs is the use of a
thermostat operating with a two-
position control principle.
Depending on the denatured
protein, maintaining the desired
temperature is required with
minimum variations. This cannot be
achieved by using a two-position
regulation principle.

The purpose of the article is to
propose a precise method for
temperature control in a water bath
to produce nanofibrils.

2. Material and methods

In the present work, portable
water bath raw data were used to
obtain nanofibrils proposed by
Wariji et al. [19].

The system consists of a bath,
heater, electrical switch,
thermostat, indicator lamp, stacker
and cable. Soy protein isolate, HCI

37% and double distilled water
were used to prepare the
nanofibrils.

Figure 1 shows the operation of
the system under the control of a
two-position controller.
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®dur.1. PaboTa Ha cuctemara c
ABYNO3ULIMOHEH perynatop

3a nonyyaBaHe mopen Ha obekta 3a
ynpaBneHue e N3non3BaH MeToA,
npeactaseH oT Atherton n konektus [3]. Npun
TO3M METOA Ca W3MNON3BaHW AdaHHW OT
XapakTepuctukara, nonyyeHa npwm
ABYMNO3MLMOHHO perynupaHe Ha obekTa. Mo
TO3n mMeToa obekTa € anpoKCUMMpPAH KbM
anepuoanyHo 3BEHO OT MbPBU pen C YNCTO
3akbcHeHne (FOPDT). Pesyntatute ot
obobuieHaTa anpokcumaumss U nosiyYeHuTe
napamMmeTpu Ha Moaena ca:

(o]

To,s+1

—TSs

G(s) =

e

kbaeto ko, e koeduumeHT Ha obekTa,
°C/%XPO (XPO — xoa Ha perynupaiius

opraH); T, — BpeMeKoHCTaHTa Ha 0bekTa, S; T

BpeMe3akbCHeHne, s. [lpexogHata

xapakTtepucTtuka e nonyydeHa npu 100%XPO.
MopobpsiBaHe Ha paboTtarta Ha cuctemaTa

€ peanu3anpaHo C npunoxexHne Ha [MAN[

(MponopunoHanHo-MHTerpanHo-

andepeHumaneH) perynatop. 3a HacTponka

Ha TO3M perynatop ca u3nonsBaHu Tpu

mMeToaa [2,6,9]:

v Metogq 1 — KbM 4acT OT npexogHaTa
XapakTepucTuka e npekapaHa
ponvpaTtenHa. OT npecuMyaHeTo W Ha
XOpU3oHTanHara oc e OTYeTeH

0,74
"~ 1400s + 1

Fig.1. Operation of the system with a
two-position controller

The method presented by
Atherton et al. [3] was used to obtain
a model of the control object. This
method uses data from the
characteristic obtained from the two-
position control of the object. By this
method, the object is approximated
to a first-order process with time
delay (FOPDT). The results of the
generalized approximation and the
obtained model parameters are:

—57s

(1)

where ko is the process gain,
°C/%AS (AS-actuator stroke); To is
the time constant of the object, s; 1 -
time delay, s. The transient response
was obtained at 100%AS.

Improvement of the system
performance is realized with the use
of PID (Proportional-integral-
differential) controller. Three
methods were used to adjust this

controller [2,6,9]:

v' Method 1 - A tangent is applied to
a part of the transient
characteristic. From its
intersection on the horizontal axis
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napametbp T, a OT npeceyHaTa TOuKa
KbM BepTMKanHata oOC € OT4eTeH
napameTbp a;

Metoaq 2 — wn3non3BaHW ca JaHHU OT
paboTata Ha cuctemaTa noa ynpasreHue
Ha OBYNO3MUMOHEH (peneeH) perynartop.

OT1yeTeHu ca napameTbp T,
npeacraBnsiBall nepunoabT Ha
XapakTepucTukata npu BKIOYBAHE W
N3KN4YBaHe Ha HarpeBaTens.

MapameTbp a, OTY4eTEH OT amnnuTygaTta
Ha ropHaTa nosfyBbliHa Ha penenHaTa

parameter T is taken into account,
and from intersection to the
vertical axis parameter a is taken
into account;

Method 2 Data from the
operation of the system under the
control of a two-position (relay)
controller are used. The
parameter T, representing the
period of the characteristic when
switching the heater on and off, is
reported. Parameter a, calculated

XapaKTepucTuka, from the amplitude of the upper
v Metog, 3 — 3a onpegensHe Ha half  wave of the relay
napameTpute 3a HacTpownka Ha characteristic;
perynatopa e wu3non3esaH nporpameH ¥ Method 3 - A programming tool is
NHCTPYMEHT. used to determine the parameters
W3nonssaHnte metoaqm 1 wn 2, 3a for adjusting the controller.
HacTporMka  Ha MO0  perynatop ca Methods 1 and 2 used to set the
npencraBeHn Ha durypa 2. PID controller are shown in Figure 2.
Y A P yi T
3l
Y i
— T -
On+-
T el
Ooff -
t
a) meToa 1 0) meton 2
a) method 1 b) method 2

®ur. 2. NMonyyaBaHe Ha U3XOAHW AAHHMU 3a
HacTpoMKa Ha perynaTtop

B Ttabnuua 1 e nocoveH HavmHa 3a
nsdncnsgsaHe  Hactpomkute  Ha N[
perynatop. [lpu nbpBMA MeTog ce
M3non3eaT daHHW OT 4acT OT npexogHaTa
XapakTepucTmka Ha obekta, a npu BTOpUS
napameTpu, onpeerneHu oT
Xapaktepuctukata Ha obekTta, nonyyeHa
npy  ynpaeBneHve C  OBYNO3ULMOHEH
perynaTop.

Fig. 2. Obtaining data for controller
setup

Table 1 shows how the PID
controller settings are calculated. In
the first method, data from a part of
the transient characteristic of the
object is used, and in the second

parameter, determined by the
characteristic of the object obtained
by control with a two-position
controller.
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Tabnuua 1. Table 1.
OnpepensiHe HacTponkuTe Ha MWL Defining PID controller settings
perynaTtop
MeTton
Method MeTon 1 MeTopg 2
MapameTsp Method 1 Method 2
Parameter
1,2
Kp — 0,6a
a
. T
Ti 2T —
2
T
Td 0,5T —
8

3a npeuusnpaHe HacTpoukaTa Ha
perynatopa (Metogq 3) e wu3nonsesaHo
npunoxeHneto PID Tuner B nporpamHa
cuctema Matlab (The Mathworks Inc.).

Ha dwurypa 3 ca npeacraBeHu
napameTpute Ha npegasaTtenHarta
YHKUMSA, MO KOUTO Ce CcpaBHsiBa paboTaTa
Ha cuctemarta npy pasnnuyHu HacTPOWKM Ha
perynatopa: Ts e BpeMeTo 3a JOCTUraHe Ha
3apjageHata CTOMHOCT, To € BpemMe Ha
NMbpBUs  eKCTpemMyMm; Tp e Bpeme Ha
perynupaHe; Tr e Bpeme 3a HapacTBaHe Ha
xapaktepuctukaTa; yref e 3apgageHaTa
CTOMHOCT; ye € MbPBUS EKCTPEMYM.

The PID Tuner application in the
Matlab software system (The
Mathworks Inc.) was used to refine
the controller setting (Method 3).

Figure 3 shows the parameters
of the transmission function, which
compares the performance of the
system at different controller
settings: Ts is the time to reach the
setpoint; Ts is the time of the first
extreme; Tp is the adjustment time;
Tr is the time to increase the
characteristic; yref is the setpoint;
ye is the first extreme.

Yi
Y
Ye
Yref y S =

<« IS

< TO [ <
Tr

"t

®ur. 3. MNapameTpu 3a oueHka paboTarTa Ha
perynatopa

OcBeH no napameTpuTe Ha npexogHaTa
Xapaktepuctuka, paboTtata Ha cuctemara
npu pasnuyHu HaCTPOWKU Ha
yrnpaBnsiBaLLloTO YCTPOMCTBO € CpaBHeHa no

Fig. 3. Parameters for evaluating the
controller performance

Apart from the parameters of the
transient characteristic, the
performance of the system at
different settings of the control unit
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npeperynupaHeto  0,%; WHTterpan ot
abcontoTHaTta cToMHOCT Ha rpewkaTa (IAE);
WHTEerpan ot keBagpaTta Ha rpewkata (ISE);
wHTerpan oT BpeMeTo W abcontTHaTa
rpewka (ITAE). NpewkaTta Ha perynupaHe g,
KOATO e pasnuvka Mexay 3ajajeHaTa
CTOWHOCT WU Tasu, nonyyasaHa Ha M3xoda Ha
cuctemara (e=y.—yref).

Ye — Yref
yref

g =

t
IAE = j le(t)|dt.100%
0

t
ISE = fsz(t)dt
0

t

ITAE = f
0

®dur. 4. NMpunoxeHne Ha pazpaboTeHUTe
ynpaxHeHuA B Kypc oT EnekTpoHHO oGy4yeHue

3. PesynTtatn n guckycus
B pesyntat Ha HanpaBeHWTe Npoy4BaHUA

e pas3paboTeH cuMynauMoHeH CTeH 3a
aHann3 Ha pabotata Ha obekta 3a
ynpasneHue — BogHa 6aHs. Onpegenexu ca
HacTpoukute Ha W[ perynatop no Tpute
ropenocoyeHn metogda. Ypes cpaBHUTENEH
aHanu3 ca OueHeHW nokasatenute 3a
Ka4yeCTBO Ha NPEXOAHNTE XapaKTEPUCTUKM.
3a aHanus3 Ha paboTaTa Ha cucTemaTa 3a
ynpaBrieHne Ha BogHa 6aHsa e paspaboTeHa
cYMyrnaumoHHa onuTHa NOCTaHOBKa,
npegcraseHa Ha urypa 4. M3nonssaHu ca
cnegHute  6rnokoBe  OT  BrpageHuTe B
Simulink 6ubnuoTtekn: Constant — ypes Hero
ce 3ajaBa TemnepaTtyparta, KosaTo ga obae
nogabpxaHa ot perynatopa; PID — MWL
perynartop; Transfer Fcn n Transport Delay
— 3a [pedwuHMpaHe Ha npegasaTenHarta
dyHKUMA Ha obekTa C HeroBoTo YUCTO
3akbcHeHue; Band-Limited White Noise — 3a
BHacsHe Ha WyM B cucTemaTa, C Marka
amnnuTyaa, npeacrasnssaly

t.le(t)|dt

is compared by the overshot o,%;
Integral absolute error (IAE);
integral squared error (ISE);
Integral time absolute error (ITAE).
Adjustment error ¢, which is the
difference between the setpoint and
that obtained at the system output

(€ = Yo — yref).

(2)

(3)

(4)

()

Fig. 4. Application of the developed
exercises in the eLearning course

3. Results and discussion
As a result of the studies, a

simulation stand was developed to
analyze the operation of the
controlled object - water bath. The
settings of the PID controller have
been determined using the three
methods mentioned above. The
quality of the transitional
characteristics was assessed.

To analyze the performance of the
water bath temperature control
system, a simulation test set-up is
presented in Figure 4. The following
blocks from the Simulink libraries are
used: Constant — via it sets the
temperature to be maintained by the
controller; PID - PID controller;
Transfer Fcn and Transport Delay -
to define the transfer function of an
object with its time delay; Band-
Limited White Noise - for introducing
noise into the system, with small

230



Innovation and entrepreneurship, ISSN 1314-9253

Volume VII, number 4, 2019

namepBaTeneH LWwyM, KOWTO € curHan oT
cnydaeH TN W ce MNosBsABa B peanHuTe
CUCTEMM 3a ynpaBneHue B M3MepBaTesHus
KaHan Ha cucTemaTa; Scope 3a
BU3yanuanpaHe Ha pesynrara; To
Workspace — 3a 3anucBaHe Ha W3XOOHUTE
OaHHW KaTo npoMeHnuBu B paboTHaTa
otbnact Ha Matlab; Clock — 3a reHepupaHe
Ha CTOMHOCTUTE Ha npoOMeHnMBata 3a

BpemeTo Ha cumynauua  ts.  Ypes
CbOTBETCTBALUUTE nm onokose 3a
MaTeMaTuyeckum N34nCneHns ca

peanuanpaHn Cxemu 3a onpegensHe Ha
rpewkute ITAE, IAE, ISE.

amplitude, representing
measurement noise, which is a
signal of a random type and appears
in the actual control systems in the
measuring channel of the system;
Scope - to display the result; To
Workspace - to save output as
variables in the Matlab workspace;
Clock - to generate the values of the
variable for the simulation time t, s.
Through their corresponding blocks
for mathematical calculations, ITAE,
IAE, ISE error determination
schemes have been implemented.

Ca

Clock1

x

i 6.8430 05|

» (Ul »

bl Product

1

iy

Integratort Display

ITAE

5246

> (Ul >

B

Abs Integrator2

Display1
IAE

I_|2 .L| 1— I
| 5
Kath Integrator

Funetion

0.74

Display2
ISE

-

PIDIs)

—@ e

14005+1

Step PID Controller

Transfer Fen

N7 By SN

Transport
Delay

Scope

— ¥

t

To Workspace

il

Clock

To Workspacel

Band-Lim ted
White Noise

dur.4. OnuTHa nocTaHOBKa 3a aHanu3 Ha
pa6otara Ha MU perynaTtop

B Tabnuua 2 ca npeactaBeHU
N3YNCNIEHNTE N0 WU3BECTHU WHXEHEPHM
mMeToaun HacTpouku Ha I, 1 n [1 cbcTaBkute
Ha perynaTtopa. Han-HUCKM CTOMHOCTW Ha
napamMmeTpuTe 3a HacTpoWnka Ha perynartopa
ca nonydyeHn npu wmetoq 1. Cnepg
npeunsnpaHe Ha HacTPOMKUTE No metog 3,
napamMeTpute Ha perynatopa ca C no-
BUCOKM  CTOMHOCTM, B CpaBHEHMe C
oCcTaHanute pgBa wMeTtoga. BpemeTto Ha
uHTerpmpaHe Ti € nNo4YTM [OBOMHO NO-
rosiiMo, HO BPEMETO 3a AudpepeHumpaHe e

Fig.4. Experimental simulation stand
for analysis of PID controller
performance

Table 2 shows the settings of the
regulator's P, | and D components
calculated by known engineering
methods. The lowest values for the
controller tuning parameters were
obtained from method 1. After refining
the settings according to method 3,
the controller parameters have higher
values than the other two methods.
The integration time Ti is almost twice
as long, but the differentiation time is
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3Ha4YuTEenHo no-marsiko T.e.
npeunsnpaHe, perynatopa pabotu kato A
(MponopunoHanHo-NHTerpaneH).

cnen significantly less, i.e. after refinement,
the controller
(Proportional-Integral).

operates as a Pl

Ta6bnuua 2. Table 2.
MapameTpun 3a HacTpounka Ha ML Parameters for setting the PID
perynatop controller
MapameTsLp
Parameter K, T.s Ta s

MeTon

Method
MeTtog 1/ Method 1 0,90 314 29
MeTtog 2/ Method 2 1,25 356 39
MeTtog 3/ Method 3 1,65 661 0,1

Pesyntatute ot pabortata Ha obekta nog
yrnpaBfieHNeTO Ha CpaBHABaHUTE MeToAM 3a
perynupaHe ca mnokasaHu Ha dwurypa 5.
HabntogaBa ce ronamo npeperynupaHe npu
N3Non3BaHe Ha HACTPOMKUTE Ha perynatopa
no metoa 1. bnuska e xapakrtepucTukaTta,
nonydyeHa no meton 2. lNNpu gocturaHe Ha
3agaHueTo npu metogute 1 1 2 npexogHute
XapakKTEPUCTUKN CBLOTBETCTBAT Ha Tasw,
nonyyeHa npu ABYMNO3ULMOHHOTO
perynupaHe Ha obekta. [lpun meton 3 ce
HabnogaBa  no-6aBHO  OoCTUraHe  Ha
3a[aHMeTo, HO C NO-Marnko npeperynumpaxe, B
CpaBHEHNEe c ocTaHanuTe MeToawn,
BKIMIOYUTENHO U ABYMNO3ULMOHHUS.

The results of the operation of the
object under the control of the
compared control methods are
shown in Figure 5. A large overshoot

is observed when wusing the
controller settings according to
method 1. The characteristic

obtained by method 2 is close. the
transient characteristics correspond
to that obtained with the two-position
control of the object. Method 3
results in slower reaching the set
point, but with less overshoot than
other methods, including the two-
position one.
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®dwur. 5. PaboTta Ha cuctemarta c MO n
OBYMNO3ULIMOHEH perynaTtopu

Fig. Operation of the system with PID
and two-position controllers
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B Tabnuua 3 ca npeacraBeHn napameTpu
Ha NPEXOOHUTE  XapaKTEPUCTUKM B
3aBMCMMOCT OT W3NOM3BaHUs MeTo4 Ha
perynupane. Npun metoa 1 n 2, KakTo 1 nNpu
OBYMO3MLUMOHHUA METOA Ha perynvpaHe ce
Habniopgasa Obp30 JocTuraHe Ha
3apaHueTo. Npu n3nonssaHe Ha meToa 2 ce
HabnogaBa HamansiBaHe CTOMHOCTUTE Ha
rpewKknTe, B CpaBHEHME C Te3u, MONyYeHu
cnep HacTpoyka Ha perynaTtopa no metog 1.
Cnen npeuusvMpaHe Ha HacTpowkuTe ce

Table 3 presents the parameters
of the transient characteristics
depending on the adjustment
method used. Methods 1 and 2, as
well as the two-position control
method, show fast reaching the
reference value. Using method 2,
there is a decrease in the error
values compared to those obtained
after adjusting the  controller
according to method 1. After refining

Habniogaea wmanko npeperynupaHe B the settings, a slight overshot is
CpaBHeHMe C ocTaHanute wMeToaM 3a observed compared to  other
HacTporKa, HO ce yBenuyasaT BpeMeHaTa adjustment methods, but the times
3a JOCTuUraHe Ha 3agaHneTo n for reaching the set point are
yCTaHOBABaHe. increased.
Ta6bnuua 3. Table 3.
MapameTpu Ha npexoaHu Parameters of the transient
XapaKTepUCTUKN characteristics
MapameTsLp
arameter | . < | 15,5 | To,s | Tp,s | 0,% | IAE | ISE | ITAE
MeTon
Method
MeTtog 1/ Method 1| 596 720 | 1295 | 6492 23 1012 | 349 | 8153
MeTtopn 2/ Method 2| 498 797 | 1398 | 5296 17 757 | 270 | 2011
MeTton 3/ Method 3| 698 | 1598 | 2398 | 5197 9 722 241 | 1387
Peneen/ Relay 589 718 899 - 10 - - -

MapameTtpute Ha MWL perynaTtopa morat
Aa 6baaT goHacTpomBaHM No ONUTEH NbT [7].
MpouecbT Ha perynupaHe moxe Aa 6bae
nogobpeH 4pes3 M3non3BaHe Ha KOMOMHauma
oT peneeH n MWL perynatopu [11]. Mpu 103N
mMeToa, B MbpBOHAYanHNA MOMEHT
cuctemata paboTn B ABYNO3ULMOHEH PEXNM,
a npu gocturaHe Ha onpegernieHa CTOMHOCT
Ha perynupaHaTa BenMyMHa ce npemMuHaBa
kKbM ynpasrneHve c [N 3akoH. Mo TO3u
Ha4YMH MoOXe na Obae KOMMEHCUMPAHO Mo-
GaBHOTO [OOCTUraHe Ha 3agaHueTo, npu
CaMOCTOATENHOTO um3non3eaHe Ha (1A
perynarop.

MonyyeHnTe pesyntatv NOTBbLPXBadasBaT
Te3n Ha Tan n konektue [16], cnopen KouTo,
npu Hactpownkata Ha [0 perynatopu ce

The parameters of the PID
controller can be adjusted in a
manual way [7]. The adjustment
process can be improved by using
a combination of relay and PID
regulators [11]. In this method, at
the initial moment the system
operates in a two-position mode,
and upon reaching a certain value
of the controlled value, it switches
to PID control. In this way, slower
performance can be compensated
instead using the PID controller
alone.

The results confirmed the
findings of Tan et al. [16], who, in
setting up PID regulators, seek a
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TbPCUM  KOMMPOMMUCEHO PELUEHNE  Mexay
YCTOMYMBOCT U MPOWU3BOAUTENHOCT  Ha
ynpaBnsiBaHaTa cuctemMa.

4. 3aKkn4eHue

YcTtaHOBEHO e, ye Onn3kun 0o
npeunsnpaHnTe HaCTPOWKKN Ha nnn
perynatop ce nofiydaBat npu MeTo4 C
N3MNON3BaHE Ha AAHHU OT XapakKTepUCTUKa Ha
obekTa 3a ynpaBneHwe C [ABYNO3ULMOHEH
perynatop. lMpun TO3M MeTOod ca nonydYeHu
HUCKM CTOMHOCTW Ha TrpeLwkuTe, no-mMarsko
npeperynupaHe, B CpaBHEHNE C OCTaHanuTe,
N3MN0N3BaHM TyK, METOAM 3a HACTPOMKA.

PaspaboTeH e cumynaumoHeH CTeHs, Ypes

KOUTO MoraT pda Obgat aHanusnpaHu
pesyntatute OT pasnuMyHn MeToau 3a
HacTpomka Ha WO perynatopy u

peanu3auua Ha Knacudecku ynpasnsiBalim
anropuTMn 3a perynupaHe Ha TemnepaTtypa
BbB BOAHM OGaHM 3a nonyvyaBaHe Ha
HaHOMbpUNK.

MpepnoxeH e npeuuseH MeToa 3a
perynupaHe Ha TemnepaTypata BbB BOAHa
GaHs 3a nonyyaBaHe Ha HaHoOMUOPUNN.
PaspaboTeHnte meTtoq M MHCTPYMEHTM MoraT
Aa 6baat nsanonseBaHu Npu NpoekTupaHe Ha
CUCTEMM 3a ynpaBneHne Ha BogHM GaHu 3a
nony4aBaHe Ha HaHOPUOPUNK, 4Ype3 KoeTo
Aa ce OTCTpaHAaAT HegocTaTbuuTe  Ha
ABYNO3NLMOHHNS MPUHLUMN Ha perynupatxe,
3aWo0TO B 3aBMCMMOCT OT [AeHaTypupaHus

6enTbk, Cce Wu3NcKkBa nNoaabpXaHe Ha
)KenaHaTa Temnepatypa C  MWHUManHu
OTKMOHEHUS.

5. lluteparypa

compromise solution between the
stability and performance of the
controlled system.

4. Conclusion

It has been found that close to
the precise settings of the PID
controller are obtained by a method
using data from the characteristics
of the control object with a two-
position controller. This method
produces low error values, less
oversot than the other setup
methods used here.

A simulation stand has been
developed through which the
results of various methods for
tuning PID controllers and the
implementation of classic control
algorithms for temperature control
in water baths for nanofibrils
production can be analyzed.

A precise method for
temperature control in a waterbath
to produce nanofibrils is proposed.
The developed method and tools
can be used in the design of water
bath control systems for the
production of nanofibrils, thereby
eliminating the disadvantages of
the two-position control principle,
because depending on the
denatured protein, maintaining the
desired temperature with minimal
deviations is required.
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