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JAOCIUIDKEHHSA TEPMOMETPII 3EPHA ITIJT YAC 3BEPITAHHA

Anomauis

Tepmomempis 3epua — ye npoyec SUMIPIOGAHHs MEMNEPAMYPU 3ePHOSUX Mac niod uac ix 30epieannus. Kirouosi acnexmu, sKi
NIOKPeCIoomy 8ANXCIUGICMb KOHMPOIIO MeMnepamypu O0as 3ab6e3neyents aKiCHO20 30epescenHs: 3anobieanHs Ccamo3auManHIO:
3anobieanus pocmy epubKie i 6akmepiu, RIOMPUMAHHA CMAOITLHOCMI 801102U, 3MEHULEHHS GMPAMU HOJNCUBHUX PEYOBUH, 30epediceH-
H5L KOJIbOPY Md CMAKY, MIHIMI3ayis poCmy KOMax i WKIOHUKIE. 3aeanom, KOHMponbL memMnepamypu npu 30epieanti 3epHa € 8ANCIUBOI0
cmpamezi€ero 018 RIOMPUMKY AKOCMI NPOOYKYii, 3MeHuieHHs: empam i 3a0e3neuenns besnexu 36epicanus. CyuacHi mexnonozii MoHi-
MopuHzy ma agmomamu3sayii 003601510Mb eHEKMUBHO KOHMPOIO8amu memnepamypy 6 cxoguwjax. Temnepamypa 3epHa 8 cxosuwyi
Modce 3anexcamu 8i0 psady no200HUX yMo8 i paxmopis. OCHOBHI (paxmopu, AKi MONCYMb NIUGAMY HA MEMNEPAMYpY 3epHa. mem-
nepamypa nosimpsi, 0J102iCb NOGIMpsi, COHAUHE Meni0, MEXHIYHe OCHAWEHHS CX08UUY, NPUPOOHI YMOBU 3ePHA, OCHHI Ma HIYHI KO-
JUBAHHA meMnepamypu. SHAUHULl 6NIUE HA MeMNepamypy 3epHa Mac memnepamypa nosimps HAéKoI0 cxosuwjd. B3umky xonoona
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n0200a MOJice NPU3BECMU 00 3HUINICEHHS MEeMNEPAmypu 3ePHOBUX MAC, A 6IIMKY BUCOKA MEeMRepamypa Modice cnpusimu i niosuuyen-
Hio. Baowcnuea maxoowc sonozicms nosimps. Bucoxa gonozicms modice npuzsecmiu 00 KOHOEHCayii 60102U 8 CX08uWi, o, ¥ 8010 uep-
2y, Modice niosUWUMY meMnepamypy 3epra uepes ximiuni npoyecu, maki sk posxknadants. CoHsAUHe Menaio Modice npsamo Yu onoce-
PEOKOBAHO 8NIUBAMU HA MEMNEPAMYPY 3ePHA, 0COOIUBO AKWO CXO8ULe 3HAXOOUMbCA NI0 NPAMUMY COHAYHUMU npomeHaMmu. Egpex-

mueHicme 30epicants ma mexHiuHe 00IAOHAHHS, MaKe K CUcCmemMu GeHMUAYIL ma KOHOUYIOHYBAHHS NOGIMPSL, MONCYMb GNIUSAMU
Ha po3noodin ma 36epescenuss menia 6 cxosuwi. Came 3epHO MOdice 8NIUBAMY HA CEOI0 MeMnepamypy uepe3 XiMiuni ma 6iono2iuni

npoyecu, maxi Ak OUXAHHA Ma 6UOiNeHHs mennd. [enni ma HiuKi KOTUBAHHA MeMNepamypu MOXICYMb CRPUAMU PONOOILY menia 6
cxosuwi. Hamu 6yno npogedeno 0ocniodxcenHs 3MiHu memnepamypu 3epHa nio yac 3oepieants Ha nionpuemcmsi ¢ Ooecwvkiti odracmi I:l
ma 6CMaHoBNEHO BNIUSE PISHUX YaKmopie Ha 3MiHY meMnepamypu 3epHa.

Kniouogi ci1oBa: Temnepartypa 3epHa, TepMOMeTpisi, 30epiraHHs 3epHa, TepMOCYycCIIeH3ii, TepMOCEeHCOpPH.
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DEVELOPMENT OF HIGHLY EFFICIENT
TECHNOLOGICAL EQUIPMENT
Annotation

The article discusses the problems associated with processing buckwheat on roller deck machines and reducing the
amount of crushed kernel. Recently, there has been a tendency to increase the number of processed fractions of buckwheat
grain, which significantly improves the quality of the output product. At the same time, this requires more precise adjustment
to the working gaps and obtaining the correct shape of the working area (crescent-shaped when processing buckwheat) be-
tween the abrasive roller and the deck. The designs of roller deck machines used in the cereal industry and their installation
mechanisms are analyzed. The mechanisms used for installing the deck on rolling deck machines do not allow one to accu-
rately set the shape of the working gap and its dimensions. A more advanced mechanism for removing the deck from the abra-
sive roller and a mechanism for installing the deck on a wedge shape between the deck and the abrasive roller (usually used
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when processing millet or sorghum) have been proposed. The calculations of working gaps confirm the correct choice of ge-
ometric parameters of the abrasive roller, deck and installation mechanisms. The dependences of the minimum working gap
on the magnitude of the parallel movement of the deck are determined. The dependences of the difference in working gaps
between the deck and the abrasive roller when changing the structural height of the deck were also found. It is shown that as
the deck height is reduced by half, the difference between the maximum working gap and the minimum decreases by four
times. This significantly affects the shape of the processing zone and the working dimensions in the active zones of buckwheat
peeling. Reducing the deck height under production conditions leads to an increase in the amount of broken grain, due to an
increase in the number of grains passes through the hulling machines. Based on the obtained calculation data, the roller deck
machine was modernized, and in fact, a new model was developed in which the process flow is stabilized, the conditions for
feeding grain into the working area are improved, and the working gaps are adjusted optimally in two active zones of buck-
wheat grain processing. The design of the roller deck machine allows you to select the husks from the kernel and send them to

waste bins.

Key words: roller deck machine, peeling, buckwheat, millet.

Introduction

When processing buckwheat on roller deck ma-
chines, a crescent-shaped working gap is installed be-
tween the deck and the abrasive drum (Fig. 1), which
allows you to have two zones of active influence on the
buckwheat grain, mainly at the beginning and at the end
of the working zone. The presence of two zones with the
correct adjustment to the working gaps allows you to
process buckwheat grain in one pass and reduce the
amount of broken grain by eliminating additional passes.
From the hopper, the grain, with the help of a feeding
device, enters the working gap between the abrasive roll-
er 1 and the abrasive deck 2, as a result of which it is
pressed by one of the faces of its tetrahedron to the deck
and experiences micro-cutting forces on the shell 6 from
the micro-cutters 4 of the roller. The abrasive deck with
cutters 5 has a retarding effect on the progress of the
grain. The grain continues to slide downwards under the
influence of forces from the roller along the working gap.
In the middle zone of the deck, where the gap is in-
creased, the buckwheat grain has the opportunity to turn
and the next faces with the shell will be exposed to the
abrasive action of micro-cutters 4 of the rotating roller.
Thus, comprehensive processing of buckwheat grain oc-
curs in the upper and lower working zones of the ma-
chine and release of the kernel 3. Taking into account the
large variation in the geometric dimensions of buckwheat
grain [1, 2], processing is carried out by dividing the
grain into several fractions that differ from each other by
several tenths of a millimeter [3-5], This requires high-
precision processing equipment with precision adjust-
ment mechanisms.

Results of the study and their discussion

Let's consider the design diagrams of rolling
deck machines.

In Fig. 2a shows a diagram of the installation
mechanism used in the rolling deck machine model
SVU-2. The machine includes: a hopper 1 with a feeding
device, an abrasive roller 2, a deck 3 mounted on a rod 4,
and on a support 8. To press the deck 3 to the roller 2, a
nut 5 with a spherical end interacts with the thread of the
rod 4. To fix the working position of the nut 5, a lock nut
6 is used. The position of the deck in space is ensured by
moving the right side of the deck in the support 8 using a
screw mechanism 7 with a steering wheel. Before putting
the roller deck machine into operation, the deck 3 is
ground to the abrasive roller 2. To do this, the deck 3 is
adjusted using two screw mechanisms 5 and 7 to the roll-
er 2 and, with the abrasive roller rotating, part of the deck

© “3epHOBI poayKTH 1 KOMOiKOpMu”, 2023
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6
1 - the abrasive roller, 2 - the abrasive deck,
3 - the kernel, 4 - the micro-cutters, 5 - the abrasive deck
with cutters, 6 - the shell
Fig. 1. Scheme of buckwheat peeling.

1 3 5 2

surface is removed. Then the deck 3 is moved parallel to
the abrasive roller 2. However, it is difficult to perform
this operation using two screw mechanisms; certain skills
of the operating personnel and additional adjustment are
required.

In Figure 2b shows a diagram of the installation

mechanism of a rolling deck machine model ZMSH. The
machine includes a hopper 1 with a feeding device, and
an abrasive roller 2 installed underneath it made of natu-
ral sandstone of medium hardness. The deck 3, on both
sides, is suspended on two pairs of rods 4 and 5, which
allows it to move along a circular arc.
To control the position of the deck relative to the drum,
the left and right levers 4 are connected by threaded rods
6, with gear wheels 7, which have internal threads and
are installed without the possibility of axial movement in
the frame 8. The steering wheel 9 is located on the same
shaft with a gear wheel, which, through intermediate
gears, connected to gear wheels 7. Rotation of the
steering wheel 9 causes all gear wheels to rotate, which
in turn leads to the translational movement of rods 6,
since they are connected to gear wheels 7 through a
thread. Thus, the deck 2 moves relative to the roller 1,
thereby increasing or decreasing the working gap.

When adjusting the parallelism of the deck rela-
tive to the cylindrical surface of the drum, disconnect the
kinematic connection of the gear wheels on one side of
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Fig. 2. Schemes of installation mechanisms of rolling deck machines.

BB V

Fig. 3. Scheme of movement of the deck rela-
tive to the abrasive roller.

the deck. On the other side of the machine, rod 6 will
begin to move and the deck on this side will be moved
from the drum in the desired direction, which will lead to
an increase or decrease in the working gap. In this way, it
is possible to achieve parallelism between the deck and
the roller along the entire length of the roller. A similar
operation can be performed on the other side of the ma-
chine. A change in parallelism between the deck and the
roller occurs for several reasons, the main ones being the
uneven supply of the working area of the rolling deck
machine due to disturbances in the operation of the feed-
ing mechanism (misalignment of the supply valve, une-
ven supply of product to a half-empty hopper, etc.) and
uneven wear of the roller or deck.

The initial product enters through a material
pipeline into a receiving and distribution tank, under

43

which there is a rotary valve, the position of which, when
turned manually, determines the productivity of the ma-
chine. The grain, coming out in a uniform stream be-
tween the lower edge of the inclined wall of the receiving
and distribution tank and the plane of the damper, enters
the guide pipe, which prevents excessive splashing of the
grain and reduces its breakage.

The position of this pipe during operation re-
quires adjustment due to wear of the roller and deck, and
a shift in the position of the working area. The grain is
drawn into the working area by a rapidly rotating abra-
sive roller and pressed against the deck, which exerts a
braking effect on the grain. Due to the resulting compres-
sion and shear forces, the shell of the grain lags behind
the core and comes off. When leaving the working area,
peeling products enter the collection and removal device
and are removed from the machine. Both the considered
machine and other similar machines have a number of
disadvantages. The main ones are: uneven supply of
grain, fight when entering the working area due to incor-
rect orientation of the grains, difficulty in adjusting the
shape of the working area and working size, insufficient
accuracy of the installation mechanism due to free play
in threaded pairs and hinges, change in operating
parameters due to wear (sometimes uneven) of the roller
and deck, etc.

According to the diagram presented in Fig. 2c,
rolling deck machines of the SGR-400 and SGR-600
models are manufactured. The deck 3, in the designs of
these machines, is mounted on articulated arms 4, the
position of which is adjusted using a screw 5 with a nut 6
installed in the hinges 7 of the frame. The position of the
lower part of the deck 3 is fixed using a lock nut 8.

http://grain-feed.ontu.edu.ua
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Fig. 4. Dependence of the working gap on the deck height.

Deck height, mm

Fig. 5. Dependence of the difference in working clearances on the deck height.
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Movement ol the deck, mm

Fig. 6. Dependence of the working gap on the movement of the deck.
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The position of the
upper part of the deck
is adjusted using a
similar screw mecha-
nism consisting of a
screw 9 and a nut 10.
Adjustment of two
zones of the deck (up-
per and lower) allows
you to set both a cres-
cent-shaped and
wedge-shaped gap
between the roller and
soundboard.

The  disad-
vantage of the design
is the large number of
hinges in the installa-
tion mechanism, which
leads to excessive free
movement of the deck.
There is also a diffi-
culty in strictly parallel
retraction of the deck
from the abrasive roll-
er after their joint

grinding.
Some manufacturers
of technological

equipment, as well as
technical personnel
who service these ma-
chines, reduce the
height of the deck,
which from our point
of view is absolutely
unacceptable. Let's
consider the situation
when, after lapping,
we move the symmet-
rically installed deck
away from the abra-
sive roller @600 mm
by 3 mm (Fig. 3). As
follows from the fig-
ure, the working gap
bl in the upper work-
ing area will be less
than the distance to
which the deck was
set. From the expres-
sion Sina = H/2R we
find the value of angle
a. Then the angle B
will be equal to f =
90° - a. And we de-
termine the distance
OB, from the center O
to the end point of the
deck from the expres-
sion
OB1=R+b2 -

2:R-A-Cos (B +90°).
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Difference in working clearances, mm
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Fig. 7. Dependence of the difference in working clearances on
the movement of the deck

Then the working gap A1 = OB; — R.

Let's calculate the value of the working gap A
at different deck heights (Fig. 4). As follows from the
resulting graph, the working gap A: has an almost linear
relationship and decreases with increasing deck height. In
this example, 0.3 mm. At the same time, the difference
between the initial working gap and the gap in the middle
part of the deck increases to 0.4 mm, which facilitates the
free rotation of the grain after passing through the upper,
more cramped working area (Fig. 5). Rotating the grain
leads to an increase in the probability of processing the
next side of the grain, and as a result to the complete re-
lease of the kernel from the shell. This increases the per-
centage of hulled grain in one pass, which leads to a de-
crease in the amount of broken grain.

If we consider the
dependence of the smallest
working gap on the amount
of movement of the deck
(the gap between the deck
and the abrasive roller), then
it will be linear (Fig. 6). At
the same time, with increas-
ing distance from the deck
to the abrasive roller, the
difference between the larg-
est distance in the middle
part of the deck and the
smallest working gap in-
creases, up to 0.65 mm (Fig.
7).

Reducing the deck
height during machine oper-
ation leads to an asymmet-
rical arrangement of the
upper and lower working
areas, due to the deck being
based on the bottom edge.
This results in an almost
wedge-shaped gap and the
loss of all the benefits of the

crescent-shaped  gap
setting. The use of a
deck of lower height,
with its symmetrical
location in the horizon-
tal plane (due to spac-
ers), leads to the situa-
tion discussed above.

In the modern-
ized version of the ma-
chine, the diagram of
the installation mecha-
nism has been changed
and is shown in Fig.
2d. When processing
buckwheat, deck 3 in
support 5 moves along
rigid guides 8, which
makes it possible to
maintain  parallelism
between the surfaces of
abrasive roller 2 and
deck 3 when the latter
is retracted. The deck 3 with the support 5 is installed in
the working position from the steering wheel 7 using a
screw mechanism 6.

The deck holder is mounted on the support 5
pivotally, through an eccentric, with the ability to adjust
the position of the deck using a screw mechanism 9 from

47
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the steering wheel 10. That is to obtain a wedge gap, [ |

which is necessary when processing millet, it is possible
to tilt the deck from the vertical using an eccentric mech-
anism. In this case, the hinge connections have little ef-
fect on the change in the working gap between the abra-
sive roller and the deck. Installing the deck in rigid paral-
lel guides, with the ability to rotate from a rigid eccen-

tric mechanism, allows you to increase the accuracy of

Fig. 8. Diagram of the deck installation mechanism (a) and general view (b)
of the rolling deck machine model SGR-600M
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machine settings, while maintaining these requirements
throughout the entire life of the machine. The design of
the receiving pipe has been changed, in which level sen-
sors are installed that control the operation of the feed
roller, which is driven into rotation by an individual elec-
tric motor. In addition, purging of peeling products with
process air and selection of shells have been introduced.
The aesthetics of the machine has been improved by
changing the layout of the drive mechanisms. A remova-
ble tray is installed for sampling (Fig. 3).

Conclusions

1. The kinematic diagrams of the installation
mechanisms of roller-deck machines used in the cereal
industry are considered. Their advantages and disad-
vantages are revealed.

2. Dependences of working gaps on the setting
conditions of the installation mechanism were obtained.

3. The design of a rolling deck machine with an
improved design of the deck mounting mechanism has
been developed.
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PO3POBKA BUCOKOE®EKTUBHOI'O
TEXHOJIOI'TYHOI'O OBJIA/ITHAHHA

Anomauin

Y ecmammi posensnymo npobaemu, nog'sizani 3 nepepodKol epeuKku Ha 8anbyedeKo8UX 8epCMAmax ma 3MeH-
weHHAM Kinbkocmi 0pobnenozo s0pa. OCmanHiM uacom HAMIMULAcs meHOeHyis 00 30inblueHHs KitbKocmi (pakyit
3epHA 2peuKu, Wo nepepoositombCs, Wo 3HAYHO NOKPAWYE AKICMb BUXIOH020 NPoOyKmy. Y mou e uac ye sumazae
OinbUW MOYHO2O HACMPOIOBAHHSA HA PODOYI 3a30pU MA OMPUMAHHS NPASUTLHOL (hopmu pobouoi 301U (cepnosudHoi npu
nepepobyi zpeuxu) mixc abpazusHum eanvyem ma dexoio. Ilpoananizoeano KoncmpyKyii eanvyedexosux eepcmamis,
WO BUKOPUCMOBYIOMbCA Y KPYR'SIHIUL 2ay3i NPOMUCTO080CTI, iX HACMAHO8HT MexaHizmu. Buxopucmogysani mexaunizmu
VCMAHOBKU OeKU HA BePCMAMAX 8albYedeKo8UX He 00380JII0Mb MOYHO GUCMABUMU (opmy poboyozo 3a30py max i
1l020 po3mipu. 3anpononoano Oilbu OOCKOHANUL MEXAHI3M 8i08edeHHA 0eKU 8i0 AOPA3UBHO20 BANbYS, MAK i MEXAHI3M
6CMAHOBNIEHHSL OEKU HA KIUHOBY (OPMY MIJC 0eKOI0 ma abpasueHuM 8aibyeM (AKUll 3a36Udail BUKOPUCTIOBYEMbCS NPU
nepepobyi npoca abo copzo). Ilpogedeni po3paxyHku poooyux npoMisicKie niomseepod’CyIoms NpaguUibHULL 8UOIP ceome-
MPUYHUX NAPAMEmPI8 adpa3UBHO20 8aAIbYsl, OeKU Ma HACMAHOBHUX MexaHizmie. Busnaueno 3anescnicme minimanvHo2o
P0o60ou020 3a30py 60 BeIUYUHU NAPALETbHO2O nepemiujerHs Oeku. Takod 3HAUOeHO 3anedCHOCmI pisHuyi 8 pobouux
3a30pax mige 0eKor ma adpasusHUM 8aIbyeM Npu 3MiHI KOHCMPYKmMueHoi sucomu dexu. Ilokazano, wo 3i 3MeHUeHHAM
sucomu 0eKu HanoI08UHY PIZHUYSL MIJC MAKCUMATbHUM POOOYUM 3A30POM [ MIHIMATbHUM 3MEHULYEMbCS 8 YOMUPU DA-
3u. Lle cymmeso eniusae na gpopmy 30Hu 06poOKU ma poOoyi po3mMipu 8 AKMUBHUX 30HAX JIYUEHHSL 2PeUKU. 3MeHUeHH s
sucomu 0eku y UPOOHUYUX YMOBAX NPU3BOOUMb 00 30IIbUEHHS KITbKOCE OUmMo20 3epHa, 3a paxyHoK 30inbulenHs Ki-
JILKOCMI Nepenycmox 3epHa uepes 1ywuibHi mawunu. Ha niocmasi ompumanux po3paxyHkogux OaHux UKOHaHo moode-
PHI3AYII0 8albYe0eK08020 6epCmMamad, a no Cymi po3podaeHo HO8Y MOOelb, 8 AKil cMAabili3yeEMbCsl MEXHON0TYHUL NO-
MiK, NOKPAWEHO YMO8U nodayi 3epHa 8 pobouy 301y, poboUi 3a30puU HANAUWMOBYIOMbLCA ONMUMATLHO Y 080X AKMUBHUX
30Hax 06pobku 3epha epeuxu. Koncmpykyis anvyedeko8o2o eepcmama 00360.714€ GI0OUpamu 1ywnunms 6io s0pa i 6io-
npasasimu 1020 8 OynKepu 0715 8i0xX00is.
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