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IT SERVICE OF THE MODERNIZED GRAIN
MOISTURIZING MACHINE
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Abstract

The purpose of this work is to increase the efficiency of the grain humidifier, which is part of the system for preparing
grain for grinding, ensuring the reliability of machines, its productivity, reducing energy consumption and improving the quality of
the finished product. products by introducing automation based on SMART technology, defined as self-monitoring and reporting
technology.

SMART technology is inextricably linked with a monitoring and data collection system designed to monitor and automati-
cally manage a large number of remote, geographically dispersed sites. In addition, this system provides long-term archiving of the
received data, which allows the dispatcher to monitor the operation of the relevant equipment, responding with an IT service pro-
gram.

A remote automated monitoring and control system for the production line on which the dampening machine is installed
ensures optimum performance. Rotary machines for grain moistening are considered. At flour mills, as well as at other enterprises,
such machines are used at the stage of main moistening and for additional moistening before feeding the grain to the grinding work-
shop. A1-BShU-2 machines are designed for basic grain moistening.

Humidifiers are installed in front of the grain bins in the production lines of the preparatory departments of flour mills to
remove excess moisture.At the same time, machines for washing grain and, accordingly, all equipment for treating wastewater and
treated waste can be excluded from the technological schemes of enterprises, therefore, an urgent task is to increase productivity. Air
humidifier A1-BShU-2 by improving the design of the working body and automation of the machine. generally.

In this regard, it is necessary to intensify the process of moistening the grain due to the optimal location of the blades for
moving the grain (races) and mixing (whips) on the shaft of the working body, apply a drive motor speed control system using a fre-
quency converter.

The article shows ways to improve the performance of a humidifier, as well as issues of control and management of the op-
timal mode of its operation. For example, Table 1 is presented in the form of a layout, which shows in what form the information can
be provided to the operator and stored in the archive.

Key words: rotating rotor, whips, races, SMART technologies, service IT equipment.

Introduction the grain through the use of control and management, the
The technological process of grain moistening is speed of rotation of the main working body using the
a set of equipment that works in this sequence. From the frequency converter of the drive motor.
hopper through the scales the grain enters the separator.

Here it is cleaned of large, small and light impurities, Research methodology

then, passing through a magnetic column, is released The use of waterjet machines in the flour-
from metal-magnetic particles and fed sequentially to the ~ Milling industry allows to dispense water quite accurately
trier: pupa and oatmeal, which separates impurities that ~in proportion to the amount of grain. However, uniform

differ from the grains of the main crop in length. The wetting of its surface does not occur, and therefore re-
grain cleaned of impurities enters the upholstery machine ~ duires devices that can further mix the moistened grain
for cleaning the surface of the grains from dust and par- ~ Mixture. More uniform wetting of the grain surface is
tial separation of fruit skins and germ. In the humidifier, ~ achieved in machines in which water is supplied in a
the grain is moistened and then transported to the hopper ~ Sprayed state.

for humidification and further to the line. These ma- ~ Machine A1-BSHU-1 consists of the following
chines allow to introduce into the grain up to 5% of ~ Main components: housing, whip rotor, drive, frame,
moisture due to its mixing with blades - whips of a high-  indicator of the presence of grain, water supply control

speed rotor [1]. Machines A1-BSHU-2 are used for the system. The case is made of stainless steel and has a con-
basic moistening of grain. In the production lines of the nector in the horizontal plane. Both halves are connected
preparatory departments of flour mills they are installed by bolts. From the ends of the case to walls bolts of sup-
in front of the aging hoppersl Thus from schemes of the port for installation of cases of bearlngs are attached. The

enterprises exclude washing or washing-peeling cars and, ~ body of the machine has receiving and exhaust pipes.
accordingly, all equipment for processing of sewage and The main working body is a rotor, which rotates
washing waste [1,3],] therefore the task of increase of  in two bearing bearings with spherical double-row ball

productivity of the humidifying A1-BSYU-2 car by im- bearings. Rotation - from the electric motor, through a V-
provement of structure of working is actual. body. In this belt transmission. The electric motor and the microswitch

regard, it is necessary to intensify the process of wetting have dust protection executions. The two halves of the
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housing, which has a horizontal plane of the connector,
are made of sheet steel with a thickness of 1 mm. The
main task and selection criterion was to increase the
productivity of the humidifying machine. To solve the
main task of improvement, the basis was to change the
location of the races on the bulls. The working races of
the four sides are set with the plane to the axis of the ro-
tor at an angle of 60° and the reflective races of the other
four sides are set at an angle of 70° (Fig. 1). In addition,
it is necessary to increase the intensification of the hu-
midification process by using the speed control system of
the main working body.

The grain after processing in the triers comes
through the receiving pipe 1 on the indicator of the pres-
ence of grain (Fig. 2). Under the action of the grain flow,
the plate with the lever 2 is deflected and the microswitch
closes the electrical circuit. The solenoid valve 4 is acti-
vated and opens the hole for water supply from the water

supply through the pressure regulator, filter, solenoid
valve, needle valve and rotameter 3 in the working area.
Where due to the special arrangement of the rotor (hol-
low drum 5, to which are fixed the whips 10 with shoul-
der blades9) and the high frequency of its rotation, the
grain is intensively mixed, saturated with moisture and
moves from reception to release. The rotor rotates in two
bearing bearings 7 having spherical two-row ball bear-
ings. Rotation of the rotor - from the electric motor 11
through the V-belt transmission 12.

Taking into account the above, we will deter-
mine the optimal parameters of the dampening machine,
as well as the ways of monitoring, analyzing and prompt-
ly taking the necessary measures for the stable function-
ing of the technological and transport equipment of the
flour mill. We will carry out the necessary calculations
and directions of operational control of the technological
process.
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Fig. 1. Diagram of the location of the shoulder bladeson the whips of the races (working body)
of the humidifying machine
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Fig. 2. Functional diagram of the humidifying machine
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Research results
Initial data for calculation:

Declared performance P =7t/h; outer diameter
of the working body D,, = 264mm; rotor diameter

d =140mm; height of the working body h=50mm;

body diameter Db =300mm; the inner diameter of the

working body
d,, =D,, —2h=264—-2 50=164mm;
number of whips Z, = 8; step of installation of work-
ing bodies on a whip t=100mm; working races of
four sides are established by a plane to an axis of a rotor
at an angle o, = 60 ; the reflective races of the other
four sides are set at an angle o, =70 ; the angle of
displacement of the same type of working bodies in cross
section @, =@, = 90" ; width of the working body
kilo
b= 40mm; bulk density of wheat grain y=650—-.
m

Calculation:
Machine performance:

p= 60(va1—vaz)ny% |

where n - is the rotor speed;
Qupii Q2 Vvolumetric productivity for one

)

revolution of a rotor for whips with working bodies and
according to those reflecting.

7 (D2, —d2 m

va = ( b Wb)s kcf kpr !
4 turn

where kCf — is the coefficient of fragmentation

3

)

of the working bodies; kpr — is presentation ratio; S —

is pitch helical race surface.
Determine the average diameter of the working
bodies:

D,, =D,, —hmm,
D,; =264-50=214mm.

Determine the pitch of the helical surface of the
working bodies:

©)

Szfgﬁm, (4)
tga
for working bodies installed at an angle a;=60°
= 3’14—0’0214 = 0’388m ’
tg60

for reflecting working bodies established at an
angle a,=70°
g = 314 0,214

) —=0,244m.
tg70

The length of the helical surface of one step of
the turn of the working bodies:

L=4/(zD,, ¥ +S?m, (5)

16

L,=+/(3.14 0.214)* +0.388 =0.776m,
L, =+/(3.14 0.214)* +0.244> = 0.715m.

The area of the helical surface of one turn:
F. =Lhm?,
F,=0.776 0.05=0.0388m"
F.,=0.715 0.05=0.03575m°

At a step of installation of working bodies on a

whip t=0.1m we define quantity of races on one step
of a screw surface:

(6)

S
z,=>, 7
ST (7)
2,=23%-345
0.1
z,=22 o 44
0.1

The area of the working bodies on one step of
the helical surface:

F..=he Zm?,
Fq =005 0,04 388= 0,00776m?,

Wi

Fussz =005 004 2,44=0,00448m".
Determine the coefficient of fragmentation of

the working bodies Ky

(8)

FWS
kg = F:’ : 9)
= 000776 _ 02,
0,0388
0,00448
== 0125
42003575 1

Volumetric productivity for one rotation of the
rotor according to the formula (2) (we accept the

presentation coefficient kpr =0]1)

_ 314 (0,264 —0164)
4

3

Q= 0388 02 01=0,00026—"—

turn

2 2 3

Q2 = 314 (0’262 0164) 0244 02 0125= 0,000102%
u

Determine the speed of the rotor using the
formula (1)

17 turn
n= - , (10)
60 (va —vaz) y minute
n= 7000 _ turn
60 (0,00026-0,000102) y minute’
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When the diameter of the body D, =300mm

and the diameter of the rotor d =140mm determine
the cross-sectional area of the grain in the machine:

F :—”(Dbz_dz)mz, (11)

9

_ 31403 -014%)

F,= =0,0552m?.

At the time of grain processing in the machine
7=3bc determine the required length of the rotor:
Pt

L=
3600F, y
7000 35

"~ 3600 0,0552 650
Determine the number of working bodies:
L, —t 360_1.9-0.1 360 _

m, (12)

Z.= 72.
t 01 90

Determine the number of reflecting bodies:

z = L, -t 360_1.9-0.1 360_.,

t o 01 90
The total number of bodies:
Z,=2,,+Z,=12+72=144.
Thus, the efficiency of the humidifying machine
can be achieved through the following indicators:

_ t :
- machine performance P = 73, the optimal

speed of the rotor of the machine »=1136 turn/minute,
rotor length L,=1,9 m; number of working bodies Z;, =
72; the number of reflecting bodies Z, = 72 , the total
number of bodies Z,=144.

- on technological and kinematic characteristics
of work of the car for moistening of grain essentially

influence - speed of rotation of a rotor, an arrangement
and quantity of bodies, an inclination of whips;

- the performance of the humidifying machine
depends on the increase in moisture in the grain, which is
determined by the specific water consumption; operation
of the humidifying machine in the production line must
use the following technical means, as well as computer
equipment:

- organization of an automated operator's work-
place based on a personal computer with a control system
and data collection, designed for monitoring and auto-
matic control of a large number of remote, geographical-
ly distributed objects and visualization of the state of
technological and transport equipment, control over it,
archiving parameters;

- temperature sensors of bearings of the driving
electric motor, reducer, bearing supports of the working
shaft of the humidifying machine;

- control of grain consumption and water sup-
ply by means of the executive mechanism in the working
chamber of the humidifying machine;

- grain moisture sensor at the outlet of the work-
ing chamber of the humidifier;

- control and management of the frequency of
rotation of the drive motor of the humidifying machine;

- control of current load of the driving electric
motor of the humidifying machine.

The most important component of the remote
automated control system is the need to receive service
messages. The current service messages are used to im-
plement the dialog mode of the control system and the
operator. Such messages are accompanied by an audible
signal to attract the attention of the operator and are dis-
played on the control field in the central part of the moni-
tor of the personal computer of the automated workplace.
To confirm to the control system that the operator has
read the message, it must press the interactive button
"acknowledge" and the button "close", ie turn off the
automatic warning sound alarm.

Table 1 - Example of presenting alarm messages

TECHNOLOGICAL PROCESSES, EQUIPMENT

Archive of messages

Emergency For the period from 01.10.2021. to 31.10.2021.

Date Time Name Messages Confirmed
03.10.21. 14.11.29. Humidifier Not ready for work. Check all sensors Administrator
03.10.21. 14.12.30. Humidifier Not ready for work. Check all sensors Omneparop
05.10.21. 10.22.36. Humidifier Backpressure sensor triggered Administrator
05.10.21. 10.23.13. Humidifier Backpressure sensor triggered Operator
24.10.21 16.10.21 Humidifier Water flow meter does not work Administrator
24.10.21. 16.11.32. Humidifier Water flow meter does not work Operator

Conclusions IT service equipment. In this case, the archive table con-

All service messages are stored in the archive of
technological messages, available for viewing and further
correct analysis of the operator and the state of the tech-
nological process, in general, and each technological
object, in particular, at any time required by the need for

17

sists of the following columns - date, time, message text,
and all technological messages depicted in different col-
ored backgrounds are divided into:

- emergency (red background);

- warning (yellow background);
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- auxiliary (blue background); the received message. For example, table 1 is shown in the
- equipment condition (green background); form of a layout, which shows in what form the infor-
- logical messages (gray background). mation can be provided to the operator and stored in the

Duplicating a message on a white background archive.
captures the time of acknowledgment by the operator of
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IT-CEPBIC MOJAEPHI3OBAHOI MAIIIMHMU JJ15 3BOJIOKEHHSA 3EPHA

Anomauisn

Memoro 0anoi pobomu € nioguwyenHs egpekmuerHocmi pooomu 380104Cy8aUa 3ePHA, WO 8XOOUMb & OLIAHKY Ni020MOBKU 3e-
PHA 00 nomeny, 051 3a6e3neueHHs. Ha0IUHOCMI pOOOMU MAWUH, i RPOOYKMUGHOCTI, 3MEHUIEHHS eHeP2eMUYHUX 8UMPAM, NOJINUEeH-
HSL AKOCME 20M060T NPOOYKYIT Wasixom enposadscentsa aemomamuszayii Ha ocnosi SMART-mexwnonoaii, wo susnauaemscs ax mexmo-
noeis camoxonmpomo ma 3eimuocmi. Texnonozis SMART nepospusno nos'szana 3 cucmemoio OUCNemyepcbKo20 YNPAGIiHHA md
360py OQHUX, NPU3HAYEHa OJisl 30IUCHEHHS. MOHIMOPUH2Y MA ABMOMAMUYHO20 KOHMPOIIO 8EIUKO20 YUCIA BUOANEHUX, MEPUMOPIaib-
HO posnoodinenux o6'exmis. Kpim mozo, 0dana cucmema 3abesneuye 00820CmpoKose apxiey8amHa OMPUMAHUX OAHUX, WO 00380JIA€
Jucnemuepy cnocmepieamu 3a pob6omor0 8iON08IOH020 00IAOHAHHS, peazyiouu 3 donomozor npoepamu IT-cepsicy. Cucmema Ouc-
MAHYITIHO20 ABMOMAMU306AHO20 KOHMPOIIO MA YAPAGIIHHS NOMOKOGOT NiHii, 8 SIKIll 6CMAHOGIEHA 36010JICYBANLHA MAWUNA, 3a0e3-
neuye onmumansHuti pescum it pobomu. Pozensinymo pomophi mawiunu 0ist 36010CeH st 3¢pHA. Y KOMNIEKMHUX 6OPOUHOMETbHUX
3a600aX, A MAKOJIC HA [HWUX NIONPUEMCMEAX MAKI MAWUHU 3ACMOCO8YIOMb HA eMAani OCHOBHO20 360J10JiCeHHsL | 015 003800ICEHHS
nepeo nooauero 3epHa y po3monvHe Gi00inenHs. [N OCHOBHO20 38010J4CY8ANHA 3epHA GuKopucmogyioms mawunu AI-BIIY-2. YV
NOMOKOGUX JIEHIAX NI020MOGUUX BIO0LIeHb OOPOUIHOMENTLHUX 38008 IX 6CMAHOBI0I0Mb neped Gidnedcysanvhumu Oyukepamu. Ipu
YbOMY i3 MEXHONOTUHUX CXeM NIONPUEMCME GUKTIOYAIOMb MULIHI 60 MUUHO-TYIWUTbHI MAWUHU i, 8i0N08IOHO, yce 00NAOHANHA 0N
00poOKU CMIYHOT 600U | MULIHUX 610X00I6, MOMY AKMYANbHOI € 3A0a4a NIOSUUeHH S NPOOYKMUBHOCTI 360J100iCY8AIbHOL Mawuny A1-
BLIV-2 wnaxom yoockonanenus cmpykmypu po6ouoeo opeany i agmomamusayii pobomu mawunu 6 yinomy. Y 36'a3xy 3 yum neoo6-
XIOHO iHmecuiKyeamu npoyec 36010CEHHsL 3¢PHA ULISIXOM ONMUMATLHO20 PO3MAULYEAHHS 20HKI6 ma biuue na eany pobouozo op-
2aMYy, 3ACMOCY8amu CUCmeMmy YnpagiinHs WeUOKoCmi 06epmans NpUSOOH020 eneKmpoOBUYHA 3a OONOMO20I0 YACMOMHO20 nepem-
6opiosaua. B pobomi noxkazano wiisixu nioSUWEen s NPOOYKMUBHOCHI 3600JICY6ANbHOI MAWUHY, d MAKOJC NUMAHHS KOHMPOIO i
YRPAGNIHHA T ONMUMANbHO20 pedicumy PynKyionyeanns. [nsa npukiady nasedena mabnuys 1y euensioi makemy, 0e noKa3aHo 8 sKo-
My 8uensaoi inghopmayis mModice Hadagamucs onepamopy i 36epicacmvcs 8 apXiei.

Knrwouosi cnoea: obepmarounit pomop, 6iui, zonku, npueod, SMART-mexnonozii, IT-cepsic oon1aonanns.
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