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MODERNIZATION OF CORN GRAIN CRUSHER
IN THE CONDITIONS OF IT-SYSTEM EQUIPMENT

Abstract

Corn is widely used as a source of starch in the food, pharmaceutical, paper, mining and construction industries.
This starch is usually obtained after the cleaning process, and corn germ, fiber and protein are also produced. It is used in the
production of biodegradable plastic bags, medicines, paper, corrugated cardboard, detergents, paints, diapers, cosmetics,
glue, surfactants and agrochemicals. Corn is the most important grain in the world. After all, in addition to the highest con-
sumption of all grains, corn is also a universal product from which you can get fuel, electricity and household goods. This
means that by increasing the volume of corn processing, it is possible to go beyond the agricultural sector and create goods
with high added value. Growing corn for grain allows better use of agricultural machinery due to the later dates of sowing
and harvesting. Valuable properties of corn cause its consistently high demand on the world market.

Corn grain processing is part of the technological lines that are part of cereals. The main equipment that ensures
high quality products are impact centrifugal crushers.

Analysis of the operation of the impact-centrifugal crusher revealed the possibility of its operation in a wide range of
changes in design parameters. The oretical aspects of the dependences of crusher productivity, which basically take its design
parameters and modes, include: rotational speed of grinding discs, disc diameter, disc tooth length, thickness, and properties
and parameters of grain material.

As a result of the conducted researches the possibility of increase of qualitative characteristics of the processed
products, and also productivity of the shock-centrifugal crusher is defined.

To increase productivity, it is proposed to implement two options. On the one hand to make the rotational speed of
the adjustable working body, on the other hand to increase the sizes of diameters of working disks, taking into account a de-
sign of the crusher for corn grain, having provided productivity of the crusher.

The purpose of this work is to increase the efficiency of the grain crusher, which is part of the preparation of grain
for grinding, to ensure the reliability of the machine, its productivity, improve the quality of finished products by implement-
ing automation based on SMART-technology, defined as self-control technology and reporting. This technology provides
long-term archiving of the received data that allows the dispatcher to watch work of the corresponding equipment, reacting
by means of the IT- service program.

Key words: corn crusher, speed, working disks, SMART-technology, IT- service program.

Formulation of the problem sorption and oxygen release, corn is one of the first
Corn is the Nel grain in the world. After all, in among all cultivated plants and is even more efficient
addition to the highest consumption of all grains, corn is than a forest of similar area [1]. Growing corn for grain

also a universal product from which you can get fuel, allows better use of agricultural machinery due to the
electricity and household goods. This means that by in- later dates of sowing and harvesting. Valuable properties
creasing the volume of corn processing, it is possible to of corn cause its consistently high demand on the world
go beyond the agricultural sector and create goods with market.

high added value. Thus, if Ukraine uses corn not as a raw Corn grain processing is part of the technologi-
material for export, but for the sake of increasing indus- cal lines that are part of cereals. The main equipment that
try, it will help increase the country's GDP much faster. ensures high quality products are impact centrifugal
Corn is widely used as a source of starch in the food, crushers.

pharmaceutical, paper, mining and construction indus- Analysis of the operation of the impact-
tries. This starch is usually obtained after the cleaning centrifugal crusher revealed the possibility of its opera-
process, and corn germ, fiber and protein are also pro- tion in a wide range of changes in design parameters.
duced. It is used in the production of biodegradable plas- Theoretical aspects of crusher productivity dependences
tic bags, medicines, paper, corrugated cardboard, deter- are revealed, which basically take its design parameters
gents, paints, diapers, cosmetics, glue, surfactants and and modes, in particular: rotational speed of grinding
agrochemicals. discs, disc diameter, disc tooth length, thickness, as well

Maize is of great and agro-technological im- as properties and parameters of grain material.

portance, as it clears the soil of weeds and is a good pre- As a result of the conducted researches the pos-
cursor in crop rotation. In terms of carbon dioxide ab- sibility of increase of qualitative characteristics of the
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processed products, and also productivity of the shock-
centrifugal crusher is defined.

To increase productivity, it is proposed to im-
plement two options. On the one hand to make the speed
of the adjustable working body, on the other hand to in-
crease the size of the diameters of the working disks,
taking into account the design of the crusher for corn
grain, ensuring the productivity of the crusher equal to
12t / h. Take as a basis a disc crusher for corn type ZDD.

Materials and methods of research
Technological calculation
Output data
Productivity Q=12t/h=3,3kg/s;
Corn grain sizes [2]: length /,=5.5 ... 13.5 mm;
Widthe,=5 ... 11.5 mm;
Thickness ¢, = 2,5 ... 8 mm;
Diameter of a feeding drum =275 mm;
Length of a feeding drum Lpb = 200 mm;
Volume weight of maize grain y = 750 kg/m’ [3]
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Fig.1 Scheme of calculation

1 - rotating disk; 2 - fixed disk; D, - outer diame-
ter of the disks;

d, - diameter of disks, n, - frequency of rotation of
a moving disk (Fig. 1)

We accept internal diameter of disks as in the car
ZDD dy= 475 mm;

The speed of rotation of the moving disk 7, = 986

rpm
Research results
Calculation
Machine performance
25 pif= 13
@ =08, —/—/n (1)

where: ¢, is the specific stress of 1 m’of the work-
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ing field area (for crushing corn g, = 2.4 kg / m’ [3]);

D, - outer diameter of the disks in m;

v is the circumferential speed of the rotating disk,
m/s;

k is the ratio D, / d, (K = D, / 0.475).

LAk, ELARERD, .
pE—_——=— = 3002 v/c ()

Substitute in formula ( 1) known values

T HL mfﬁ e L) ,
TRy 12570, (B 1] = 124/
L

Q=09-24
3)

Determine the outer diameter of the disks D, to do this
we solve the quadratic equation

210505 = D, — 0,935 = 0,964 @)
we accept .= 0,965 m;
then:
v=51.6-0.965=49.8m/s;
k=0.965/0.475=2.03.

TECHNOLOGICAL PROCESSES, EQUIPMENT

Calculation of the feeding mechanism (Fig. 2. 1 - feed
drum; 2 - damper; 3 - pipe)

| : i

Puc.2. Cxema po3paxyHKy KUBHJIBHHKA

Determine the average grain size of corn: length
[;=(55+13.5)/2=9.5 mm;
width s; = (5 + 11.5) / 2 = 8.25 mm; thickness
e:=(2.5+8)/2=525mm.
The volume of thg grain § =%,
-d"

where: ﬂ; is the volume of the sphere;

d is the reduced particle diameter.
= 013001085 + eclme+ eel) mm, ©)

o= 015 - @5 -{16-8,25 4 5,25 - (825 4 5.28)) = 165.8
3
MM .

256 _ 3 |LeBE-6 _

=.,L.'.'-=,l T

d = = & 0

http://grain-feed.onaft.edu.ua
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The average speed of the product in the slot of the feeder
. M/,

Py =—
' Fipln
Where: L, = L,; = 200 mm - the length of the
feeder;
0, is the width of the feeder slot;
0,>5d=5"6.8=34 mm, ®)
we accept ; J, = 35 mm.

]
N (€)

1, =3,3/(750-0,035-0,2) =0,62 nv's.

Where: 13, = 0 - the speed of the valve; vb - circumferen-
tial speed of the drum.
Ve= 21, = 2 00 = LI%k m/s. (10)
The frequency of rotation of the feed drum
n nb=(60-v b)/(n-D pb)=
=(60-1.24)/(3.14 - 0.275) = 86 v min. (11)

Conclusion from the calculation

Productivity of the machine of the machine for
crushing of corn grain Q = 12 t / h; the speed of rotation
of the moving working disk PD = 986 rpm; outer diame-
ter of disks Dd = 965 mm; inner diameter of disks
dd = 475 mm; circumferential speed of the rotating disk
(outer diameter) v = 49.8 m / s; the length of the feed
drum Lpb = 200 mm; the diameter of the feed drum
Dpb = 275 mm; the speed of the feed drum
PPB = 86 r/min

Description of the kinematic scheme

Rotation from the electric motor 1 (fig. 3) through
the elastic coupling 2 is transmitted to the shaft7) on
which the rotating disk 3 is fixed.

Shaft bearings I are located on the sleeves 5 and 6,
which rotate together with the shaft, while the shaft is
able to move in the axial direction. One half-clutch is
mounted on the sleeve 6, and the second half-clutch is
mounted on the motor shaft. On the sleeve 5 is fixed the
drive pulley 7 of the flat belt transmission, which trans-
mits rotation to the shaft II, which is fixed to the driven
pulley 8 and the worm 9 of the worm gear. The worm
gear transmits rotation to the shaft III, which is fixed to
the worm wheel 10 and the feed drum 22.

Adjusting the gap between the disk 3 and the
fixed disk 4 is as follows: when you turn the fork 17, the
spring 20 ceases to act on.

Kinematic calculation
Output data

Frequency of rotation of a mobile working disk
1y = 986 r/min;

Frequency of rotation of the feed drum #n,; = 86
r/min;

Axial distance of worm transmission a, = 100
mm;

The diameter of the drive pulley of the flat belt
transmission D; = 125 mm.

Determine the kinematic parameters of the ma-
chine drive (Fig.4)

4 22 Vi 26
! 1z=86 00/ i
W 8
S Lp=bl e o=l m
28
Lo -‘.‘ L
>[I ; §
= J 8
7 o
2 U P
/A WA 5 6 2
1 ,5=986 at/ i It / ’
T T A
= E '
O L
= Mol ol
=T 1o/lol IJ—WI— e
=i (A A
5! L7 5 B w2l 2 ol g
[:=125 mret 1.5=986 00/ Min

Fig. 3. Kinematic scheme
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Fig. 4. Kinematic scheme for calculation

Calculation
The rotating shaft of the rotating disk receives ro-
tation from through the coupling, then n, = n,, = 986
r/min
The gear ratio of the feed drum drive is required

(12)

Take the gear ratio of the worm gear i, = 10 and deter-

mine the gear ratio of the flat belt drive

f¢=|_—:=?= LIS (13)
Determine the dividing diameter of the worm
dp=guz = 10 & = &0 mm, (14)

here: q is the coefficient of the diameter of the worm; m
is the modulus (we assume q = 10, m =4 mm [3]).

At i,= 10 the recommended number of measures of the
worm Z; = 4, then the number of teeth of the worm wheel
WillbeZZZZI’ich:4‘ 10 =40 mm.

Determine the dividing diameter of the worm wheel:

dy = Z.m =40 +4 = 160umm (15)
Specify the wheelbase of the worm gear:
gy il 38 4 Lk .
==l = = 100mm. (16

Determine the diameter of the driven pulley flat belt
transmission:

13

D= Dyl =)= 115 » 125 v{1=0015) = 14lmm
here: € = 0,015 - relative slip. We accept D, = 140 mm.

Conclusion from the calculation

Worm gear parameters: wheelbase a,, =100 mm;
gear ratio i, = 10; the number of measures of the worm
Z; = 4; the number of teeth of the worm wheel will be
Z, =40 mm; dividing diameters d;,= 40 mm; d,=160 mm.

When the diameters of the pulleys D;= 125 mm
and D,= 140 mm, the gear ratio of the flat belt transmis-
sion will be i,=1.15.

Thus, the efficiency of the machine for crushing
corn grains can be achieved through the following indica-
tors:

- machine productivity Q = 12 t/ h; the frequen-
cy of rotation of the moving working disk n,= 986 r/min;
outer diameter of disks D, = 965mm; inner diameter of
disks d, = 475mm; circumferential speed of a rotating
disk (on external diameter) v = 49,8m / s; length of the
feeding drum L,; = 20mm; diameter of the feeding drum
D, ;= 275mm; the speed of the feed drum n,; = 86r / min;

- the technological and kinematic characteristics
of the machine for crushing corn grain are significantly
affected - the speed of rotation of the rotor, the interdis-
cal gap between the rotating and stationary working
body;

At introduction of SMART-technologies for
maintenance of an optimum mode of work in a produc-
tion line it is necessary to apply such technical means,
and also means of computer engineering:

- organization of an automated workplace of the
operator on the basis of a personal computer with a con-
trol system and data collection, designed to monitor and
automatically control a large number of remote, geo-
graphically distributed objects and visualize the state of
technological and transport equipment, control it, archive
parameters;

- temperature sensors of bearings of the driving
electric motor, reducer, bearing supports of a working
shaft of the car for crushing of corn grain;

- control of grain consumption by means of the
executive mechanism in the working chamber;

- control and management of frequency of rota-
tion of the driving electric motor of a working shaft of
the car for crushing of corn grain; (14)

- control of current load of the driving electric
motor of the shaft of the machine for crushing corn grain.

The most important component of the remote
automated control system is the need to receive service
messages. Current service messages are used to imple-
ment the dialog mode of the control system and the oper-
ator. Such messages are accompanied by an audible sig-
nal 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, he must press the interactive button
"acknowledge" and the button "close", turn off the auto-
matic warning sound alarm.

http://grain-feed.onaft.edu.ua
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Table 1 - Example of presenting alarm messages

Archive of messages
Emergency For the period from 01.01.2022. to 31.01.2022.

Date Time Name Messages Confirmed
05.01.22. 10.11.45. Conveyor 1 Not ready for work. Check all sensors Administrator
05.01.22. 10.12.49. Conveyor 1 Not ready for work. Check all sensors Operator
11.01.22. 08.32.38. Elevator 2. Check speed control sensor Administrator
11.01.22. 08.34.23. Elevator 2. Check speed control sensor Operator
19.01.21 14.23.48 Dispenser of grain 1 Sensor scales alarm Administrator
19.01.22. 19.24.12. Dispenser of grain 1 Sensor scales alarm Operator

Table 2 - Example of presenting alarm messages
Archive of messages
Warning situation For the period from 01.01.2022. to 31.01.2022.

Date Time Name Messages Confirmed
17.01.22. 13.28.50. Dryer 1 No heat agent Administrator
17.01.22. 13.31.21. Dryer 1 No heat agent Operator
21.01.22. 16.20.48. Crusher 2 The temperature of the shaft bearing is Administrator

increased
21.01.22 16.22.35. Crusher 2 The temperature of the shaft bearing is Operator
increased
26.01.22. 09.08.29. Separator 3 Depressurization of the case Administrator
26.01.22. 09.10.35. Separator 3 Depressurization of the case Operator

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 technological process, in general, and each techno-
logical object, in particular, at any time, due to the need
for IT service equipment . In this case, the archive table
consists of the following columns - date, time, message
text, and all technological messages displayed on the
information board in different colored backgrounds are
divided into:

~

https://aggeek.net/businessviews.com.ua

- emergency (blue background);

- warning (blue background, tabl. 1);

- auxiliary (blue background tabl. 2);

- condition of equipment (tabl. 1);

- logical messages (tabl. 2).

Duplicate message on a white background cap-
tures the time of acknowledgment by the operator find-
ing the message. For example, table 1, 2 in the form of
layouts, which shows in what form the information can
be provided to the operator and stored in the archive.
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MOJEPHI3ALIA JPOBAPKHU 3EPHA KYKYPY/I3U B YMOBAX
POBOTHU CUCTEMMU IT-CEPBIC OBJIA/ITHAHHSA

Anomauisn

Kyxypyosa wupoko suxopucmogyemucs Kk 0dicepeno KpoXmanio 6 Xapuosill, gapmayesmuyniti, naneposii,
2IpHUY0000Y8HIl ma 0ydigenvHill 2any3i npomuciosocmi. Takui Kpoxmans 3a3eudatl UXo00ums Nicis Poyecy OYUleH-
H5, MAKOXNC 8UPOOIAIOMb KYKYPYO3AHI 3apoO0KU, KIIMKOSUHY ma OiIoK. 3acmocosyemuvcs Y 6UpoOHUYmMSI 0iopo3K1aOHUX
NIACTUKOBUX NAKEMIS, JIKAPCLKUX NPEenapamis, nanepy, 20(hpokapmony, Mulouux 3acodis, ¢apb, niozysxie, kocmemu-
KU, KI€l0, NOBEPXHEBO-AKMUBGHUX peHosur ma azpoximikamis. KyKypyoza — ye Haueadciusiue 3epHo Y 6CboMy CIini.
A0oice, kpim HATIOITLULO20 CROJICUBAHHSL CEPED YCIX 3ePHOBUX, KYKYPYO3d MAKONC € YHIGEPCANbHUM NPOOYKMOM, 3 SIKO20
MOICHA OMPUMamu RAIUGO, eleKmpuKy ma nooymosi mogapu. lLle oznauae, wo napowyrouu o6cseu nepepooxu KyKy-
PYO3U MOJICHA BULINU 3G MEICI A2POCEKMOopY Ma CIMEOPI08AmY Moeapu 3 8UCOKOI0 000aHoi0 eapmicmio. Bupowysanns
KVKYPYO3U HA 3ePHO 00360J51€ Kpauje UKOPUCMOBYS8AMU CLIbCOKO2OCROOAPCLKY MEXHIKY 3d PAXYHOK NiZHIWUX mepmi-
Hi6 nocigy ma 36upanns. L{inni enacmusocmi KyKypyo3su 6UKIUKAIOMb il cCAOiibHO GUCOKULL NORUM HA C8IMOBOMY PUH-
K.

Ilepepobka 3epra KyKypyO3u CKIA0AE MEXHOAOLIYHUX IHISIX, AKI 6X0051Mb 00 CKIAdY Kpyno3asooie. OCHOGHUM
001a0OHAHHAM, WO 3abe3neyye 8UCOKY AKICMb NPOOYKYIL € YOapHO-8I0Yenmpos6i OpoobapKu.

Ananiz pobomu yoapHo-6ioyeHmpogoi OpobapKu 8UA6UE MONCIUBICTNG iT poOOMU Y WUPOKOMY OiaNa30HI 3MIHU
KOHCMPYKMUSHUX napamempis. Busieieno meopemuuni acnekmu 3a1ejiCHoCmeti npooyKmugHocmi Opobapki, siki y c8o-
it ocHo8I npulimaoms ii KOHCMPYKIMUBHT NAPAMEMPU MA PeXCUMU, 30KpeMa 00 HUX 8IOHOCAMbCA. Yacmoma 00epmam-
HSl NOOPIOHI08ANILHUX OUCKIS, Jiamemp OUCKIB, 008XCUHA 3)0i68 OUCKIB, MOBWUHY, A MAKOHC 61ACMUBOCMI Ma napame-
mMpu 3epPHOBO20 MAMEPIATY.

B pesynomami npogedenux 0ocniodcensb UIHAUEHO MONCIUGICMb NIOGUYEHHS SKICHUX XAPAKMEPUCMUK NpO-
0yKmig, Wo 00poOIAIOMbCSL, A MAKONC NPOOYKMUBHICHb YOAPHO-8I0YeHmpOo6oi OpobapKil.

s 30invuentss npoOyKmueHOCmI 3anponoHo8aHo peaiizyeamu 06a eapianmu. 3 00no20 OOKY 3pobumu yac-
momy 00epmanHsi po604020 OP2awny, W0 pe2yireEMbCs, 3 IHUL020 OOKY 30inbUumuy po3mipu oiamempie pooouux OUcKis,
3 YPAXYBAHHAM KOHCMPYKYIL Opobapku 015 3epHa KyKypyo3u, 3abe3neuusuiy npooyKmueHicms Opoobapru

Memoro danoi pobomu € nidguwenns: ecpekmusHocmi pobomu mawiunu 0 OpoOApKU 3epHA, WO EX00UMb 6
OIIAHKY NiO20MOBKU 3epHA 00 nomeny, 0 3abe3nedents HAdIHOCMI pobomu mMawiuHu, ii npoOyKmueHocmi, nouin-
WeHHs AKOCMI 20mo8oi NpoOYKYii wiiaxom 6nposaddicenns agmomamuzayii Ha ocnosi SMART-mexwnonozii, wo eusna-
YAEmMbCsl SIK MEXHON02IS CAMOKOHMPONIo ma 3eimuocmi. Jlana mexnono2is 3abesneyye 00620CmMpoKoge apXieyeanHsi
OMPUMAHUX OGHUX, WO 00360JA€ OUCnemuepy cnocmepieamu 3a pobomoro 8i0noeioHo2o 0ONAOHAHHSA, peazyioyu 3 00-
nomozorw npozpamu IT-cepsic.

Kniouogi cnoea: opobdapka oasa Kykypyosu, weuoxicms, poooui oucku, SMART-mexnonozia, IT-cepgsicna
npozpama
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