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AGGREGATED COMPLEXES FOR
RICE GRAIN PROCESSING

Abstract

The paper considers various designs of aggregated complexes for the processing of rice grain. Their technological schemes
were built and analyzed, and a breakdown into modules was performed. This allowed us to group the various designs of units and
summarize their technological capabilities. The general reduced technological scheme of rice grain processing is considered. The
noted variations are as far as practical applications with and without a grain cleaning module. Various schemes of hulling of grain
and selection of hulled grain from unlulled are presented. The technological schemes with various hulling machines are analyzed
(the Engleberg hulling machine, with rubberized rolls, centrifugal action), which have their own characteristics. The differences in
the use of paddy machines and trimers for sorting grain after hulling are considered. The cylindrical trieurs used to select the rice
kernel have an original technological scheme (company Yanmar). This allows you to simplify technological communications and
make the unit more compact. The units use more compact paddy machines (reduced size, number of tiers, etc.), which, of course,
affects their performance.

The most common combined machine with a single-pass technological scheme (which was named after the first inventor and
manufacturer, a hulling machine from Satake) is considered. In addition to laboratory equipment, centrifugal hulling machines are
used in grain processing units, which gives additional advantages (a more compact scheme, due to the combination of several tech-
nological operations, hulling, transporting the grain stream, and air separation. For the majority of broken and unbroken grains
sieve separators are used for simple circuits. Separators with vertical rotation axis, that allows to transport the rice to a predeter-
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mined height. This makes it possible to link this separator, for example with electronic scales.
Keywords: stoner, separator, huller, grinding machine, polishing machine.

Introduction

In many countries, along with powerful rice pro-
cessing enterprises, there is integrated equipment for pro-
cessing mainly 0.3 - 2 tons of rice per hour. This allows
you to quickly use equipment to meet the demand of the
population of both agricultural and areas remote from large
industrial centers. In some cases, combined machines are
used to perform hulling and grinding operations, as well as
various stages of grinding. In some areas of Ukraine, farm-
ers grow rice. Currently, the Ukrainian industry does not
produce the necessary technological equipment for farmers'
rice processing enterprises. The equipment that is imported
into our country does not always satisfy consumers in terms
of quality. Therefore, the authors provide an overview of
modern technological equipment manufactured in various
countries.

Analysis of recent research and publications

Unfortunately, there are few publications in the aca-
demic literature describing the design of aggregated com-
plexes for the processing of rice grain. Also, there are no
technological schemes by which these combined machines
are built. The literature mainly describes comparative tests
of various technological operations and equipment for their
implementation [1-4]. Research is aimed at choosing the
most optimal equipment for performing the basic opera-
tions of the technological process - hulling, separation at
various stages, grinding and polishing. Optimization is per-
formed to reduce energy costs, increase the percentage of
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finished products and improve the quality of the final prod-
uct (for example, reducing the number of broken kernels).
A large number of models of aggregated complexes for the
processing of rice grain were reviewed, mainly leading
companies that have a significant percentage of equipment
sales on the international market [5, 6]. This made it possi-
ble with the help of technical documentation to compile
and analyze various technological schemes of units and
combined machines.

The aim of this work is the construction and analy-
sis of structural schemes of existing structures of aggregat-
ed complexes for the processing of rice grain.

Research Methodology

The methodology of this study consisted in sequen-
tially performing the following procedures in the analysis
of constructive solutions for the processing of rice grain:

- structural division of structures into various tech-
nological modules;

- compilation and analysis of technological mod-
ules;

- development and identification of common fea-
tures for classifying the design of technological modules;

- analysis of the advantages and disadvantages of
the selected technological modules and assemblies in gen-
eral.

Research results
Given the need for equipment mobility and its
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power from mobile diesel generators, the equipment is
maximally compacted, performing part of it in the form
of combined machines or as a universal installation made
according to the general scheme. During the development
of aggregated complexes, most of them refuse to weigh
and rough clean grain (Fig. 1).

The grain mixture I elevator 1 raise for cleaning
on the air separator 2. Dust and light aerodynamic impu-
rities II are separated from the main stream III. Grain
stream III enters the sieve separator 3, which emit large
IV and small impurities V. Grain stream VI is directed to
a stoner 4, where mineral impurities VII are selected.
From the stoner, the cleaned grain VIII is lifted by a fan
5 to a certain height and fed to the hulling head 7. After
hulling, rice and husk grain is fed to an air separator 8§,
which collects dust, flour and husk IX. The punctured
grain X is also taken, and the grain mixture from husked
and not hulled grains is fed to the paddy machine by fan
9. Unhulled grain XII is usually fed again by fan 5 to the
husk head 7. The husked grain XIV is sent to the grinder
11. Stream XIII (the undivided mixture of husked and
unhusked grain) is wrapped back in the paddy machine
10. In the grinding machine 11, due to the abrasive action
of the rotor and the mesh shell, as well as due to friction-
al loading between the grains, the upper brown powder is
removed, which leads to bleaching of rice grains. Grind-
ing products XV are removed, and grain XVI with a fan
12 is usually fed to a combination machine, which con-
sists of a screen separator 13 and electronic scales 14. In
this machine, broken grain XVII is taken from a non-
broken XVIII, which is weighed and packaged.

This technological scheme (excluding the grinder)
is very common among Japanese, Chinese and other (Ko-
rea, India, Thailand, Malaysia) manufacturers of techno-
logical equipment for rice processing. The air separator 2
is very often mounted on the material pipe to feed the
initial mixture into a complex unit consisting of the main
technological equipment: a screen separator 3, a stoner 4
(sometimes not included in the diagram), a peeling head
7, an air separator 8 and a paddy machine 10. Separately
install a combined machine, which consists of a screen
separator and electronic scales.

Recently, there has been a tendency to replace the
peeling head with two elastic rollers with a centrifugal
hulling machine, which gives some advantages.

It should be noted that some firms install in the
unit a cylindrical trieur, which selects the found grains.
Recently, due to increased requirements for the quality of
finished products, a scalper is installed separately at the
beginning of the line.

A large percentage of rice processing units is per-
formed without a grain cleaning section. Then the tech-
nological scheme takes the form shown in Fig. 2.

The unit becomes compact and mobile for opera-
tion in several locations. In some models, there is also no
grinder 9. Consider an assembly consisting of a hulling
head, an air separator and a trieur (Fig. 3). The cleaned
grain I is loaded into the hopper 1, from which it enters
the hulling head 2. After passing through the working
zone between two rubberized rolls, the husk breaks off
the grain and a mixture of husk, kernels and unhulled
grains II is fed to the air separator 3. Inlet air stream III
picks up husk and dust and carries them out of the sepa-
rator in the form of a stream I'V. The hollow grain chang-
es the flight path and is also removed in the form of
stream V. The cleaned grain VI is fed to the elevator 4,
which picks it up and directs it to the trieur 5. Inlet VII is
fed by a screw 6 to the opposite end of the trieur. On the
meshed surface of the trieur, the flow changes its
direction. Unhulled grains VIII, as a longer fraction, fall
out of the cells first and remain on the alveolar surface or
fall on screw 6. Rice kernel IX, as a short fraction, falls
on the second stage and falls on screw 7.

The rice kernel is transported and removed from
trieur in the form of stream IX, which is purged with
fresh air XI. This air stream finally takes aerodynamic
light impurities and flour, and is reused in the form of the
previously considered stream III. Non-husked rice grains
that could not rise and get onto screw 6 are removed
from the trieur by flow X and sent for re-hulling in the
hopper 1. The cleaned rice core (stream IX) is sent to
elevator 8 and after rising goes to packing (stream XII),
or for further processing.
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Fig. 1 - An abbreviated technological scheme of rice grain processing:
1 - elevator, 2, 8 - air separators, 3, 13 - sieve separators, 4 - stoner, 5, 9, 12 - fans, 6 - material pipe, 7 - hulling head,
10 - paddy machine, 11 - grinder, 14 - scales. I - XVIII - technological flows.
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Instead of trieur, paddy-
machines are also used in the hull-
ing and separation modules (Fig.
4). The designations in the dia-
gram are the same as in the previ-
ous diagram. They differ in the
separation zone in which the pad-
dy-machine 5 is installed. Three
process streams emerge from this
machine. Stream VII represents
husked grain, which is finally
blown through with air stream X
and elevated by elevator 6 to sup-
ply the kernels (stream XI) for
packing or further processing.

An inseparable mixture of
hulled and unhulled grain (stream
VIII) is wrapped at the entrance of
the paddy-machine. Unhulled
grain that flows in stream IX is

Fig. 2 - The technological scheme of rice grain processing without cleaning: returned to hopper 1 for re-
1, 6 - bins, 2 - peeling head, 3 - air separator, 4, 8, 10 - fans, 5, 11 - material hulling.
pipelines, 7 — paddy-machine, 9 - grinding machine. I - IX - technological flows. However, the most popular
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machines in rural areas of South-
east Asia are machines made ac-
cording to the scheme developed
by Satake back in the fifties of the
last century, and which is shown
in Fig. 5a. These are the so-called
single-pass machines. They in-
clude a peeling head with two
rubberized rolls 6 and 7, which I:l
can dramatically increase the effi-
ciency of the hulling operation, an
air separator 8 and a machine with
abrasive disks 12 for a high-
quality grinding operation. Such a
combined machine allows you to
01 get a fairly high-quality product at
the output. True, sometimes in-
stead of an abrasive machine for a
grain, a friction action machine is
used that performs the same tech-

1 VIII nological operation.
= ;\ | P«(XI

Fig. 3 - The technological scheme of rice grain processing using trieur:
1 - hopper, 2 - hulling head, 3 - air separator, 4, 8 - elevators, 5 - trieur,
6, 7 - screws. I - XII - technological flows.

Consider the technological
scheme of a combined machine
(Fig. 5a). The machine consists of
a casing 1, over which a hopper 2
with an oscillating sieve 3 is
mounted. In the casing 1 there is a
feeder 4, which feeds the grain to
the hulling head. When the ma-
chine is operating, the grain flow
is manually controlled using the
gate valve 5. The husking head is
made with two rubberized rollers
6 and 7, which rotate in different
directions at different speeds. An
air separator 8 is located under the

Fig. 4 - The technological scheme of processing grain rice with hulling head. A screw 9 is mount-

a paddy-machine: ed to output the immature grain,

1 - hopper, 2 - hulling head, 3 - air separator, 4, 6 - elevators, gnd a fan 10 with an air duct 11 is
5 — paddy-machine. I - XI - technological flows. installed to remove the husk.
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Fig. 5 - Scheme a) and general view b) of a combined machine for peeling and grinding grain from Satake:

1 - housing, 2 - hopper, 3 - sieve, 4 - feeder, 5 - valve, 6 - fast-rotating roller, 7 - slow-rotating roller, 8 - air separator,
9 - auger for the withdrawal of immature grain, 10 - a fan, 11 - a nozzle for the output of husks, 12 - a forcing screw,
13 - a hollow perforated shaft, 14 - abrasive discs, 15 - sieve shell, 16 - cargo valve, 17 - collection.

1 - VIII - technological flows.

A grinding machine is also mounted in the hous-
ing 1. A feeding screw 12 is mounted on the hollow shaft
13 of this machine, creating grain back-up in the grinding
zone, and abrasive wheels 14. A rotor representing the
shaft 13 with abrasive disks rotates in the sieve shell 15.
At the exit from the machine, a cargo valve 16 is mount-
ed to regulate grain back-pressure, and under the sieve
shell a collection for the flour 17.

Consider how the machine works. The grain
stream I enters through the vibrating sieve 3 into the re-
ceiving hopper 2, coarse impurities remain on the screen
surface. Then, by the feeder 4, the grain is fed to the roll-
ers 6 and 7 rotating in different directions, where they
grab the grain and, under the action of compression and
shear forces, carry out the hulling operation. The mixed
stream (husked grain, unhusked grain, husk particles and
dust) in the form of stream II, is subjected to a purge of
air (stream III). The air stream, picking up husk products
and dust, carries them out and delivers them to the fan
10. The weaked rice grains are lost over the screw 9,
which carries them out in the form of stream IV. Dusty
air and husk exit the machine in the form of stream V
through the nozzle 11. The husked grain by a feeding
screw 12 is fed into the milling zone with abrasive disks
14, where additional layers are removed from the grain
under the influence of the abrasive action of the disks and
sieve shell 15 and the frictional effect of surrounding
grains. Particles removed from the kernel are carried out
of the working area by a stream of air VII entering the
machine through a hollow perforated shaft and passing
through a sieve the shell fall into the collection 17
(stream VIII). The main stream of polished grain, over-
coming the resistance of the cargo valve 16 comes in the
form of stream VI.

In aggregates of small capacity, centrifugal
peeling machines are used (Fig. 6). In the housing 1, a
centrifugal hulling machine 2 is installed, over which a
hopper 3 is installed. A fan 5 is installed on the same

shaft as the hulling machine 2, for air intake with rice
hulls and for transporting hulls and dust from the
machine (material pipe 6). This allows you to compactly
place two process units and simplify the drive of the
machine. A material pipe 4 departs from the hulling
machine 2 for feeding the mixture into the air separator
7. After the air separator, an oscillating sieve 8 is
mounted to separate the unshelled grains.

J
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Fig. 6 - Scheme of a combined machine for hulling
and sorting grain:
1 - case, 2 - hulling machine, 3 - hopper, 4, 6 - material
pipelines, 5 - fan, 7 - air separator, 8 - sieve separator,
9 - elevator, 10 - tray for immature grain, 11 - tray for
unhulled grain. I - IV - technological flows.

The machine operates as follows. Grain I is
poured into hopper 3 and the valve controls the flow of
grain to the rotor of the hulling machine 2. The grain is
picked up by the blades of the hulling machine and, un-
der the action of centrifugal forces, slides from the
blades, strikes the inner surface of the shell, which is
covered with a layer of polyurethane. The grain husk
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deforms and opens, and the kernel falls out of the shell.
The elastic layer of polyurethane does not allow to split
the rice kernel. Grain husking products, husk particles
and dust are transported by the pumping air stream
through the material pipe 4 to the air separator 7. When
the mixture falls in this separator, dust and shells are cap-
tured by the inlet air stream II. The air with husk enters
the fan 5 and, under the action of centrifugal forces, is
discharged through the air duct 6 behind the machine (in
some models, the air duct length is up to 30 meters). The
immature grain deviates from the vertical trajectory and
is sent to the tray 10. The main grain flow enters a sieve
8, designed to separate the unhulled grain, which is col-
lected on the tray 11. And the selected kernel is sent to
elevator 9 for feeding it (stream III) for subsequent tech-
nological operations or packaging. In some machine
models, a broken core is also selected.

Consider the scheme of a machine for grinding a
rice kernel of small productivity (Fig. 7). A shaft 2 with a
screw 3 and a rotor 4 is located in the housing 1. The
grain inlet to the working area is regulated by a valve 5.
At the outlet of the working area, a lever 7 with a valve 8
and a handle 9 is mounted on the axis 6. The position of
the valve 8 is fixed by the handle 9 on the gear sector 10.
To unload the processed grain, a valve 11 is pivotally
located on the axis 12. The lower part of the body in the
working area is made in the form of a mesh 13, to re-
move the flour.

The machine operates cyclically as follows. In the
hopper of housing 1, hulled rice grain is poured (stream
I). The timer sets the time for processing a portion of
grain. The drive of the machine is turned on, which
drives the shaft 2 with the screw 3 and the blade rotor 4.
The valve 5 is opened to feed grain into the working area
of the machine. The grain is carried away by the screw 3
and is pumped into the area of the rotor 4. The blades
pick up the grain and due to friction between the grains,
grains and blades, as well as the net, the surface brown
layer is removed from the grain of rice. The separated
particles of the surface layer in the lower part of the
working area are removed from the machine through the
mesh 13 (stream II). The main grain flow rises again into
the hopper, overcoming the resistance force of valve 8.
By changing the position of valve 8, the resistance force
of the valve and, as a result, the residence time and pres-

8 13

4 3

Fig. 7 - Diagram of a machine for grinding rice grains
of small capacity:

1 - hopper, 2 - shaft, 3 - auger, 4 - blade rotor, 5 - valve,
6 - axis, 7 - lever, 8 - valve, 9 - handle, 10 - gear sector,
11 -valve, 12 - axis, 13 - sieve.

I - III - technological flows.

sure of the grain in the working area are regulated. Grain
for the specified processing time passes several times
through the working area and part of the surface layers,
which are mainly brown in color, are removed from it,
the kernel remains with a good white color. After pro-
cessing the rice kernel, the valve 11 is opened and the
machine is unloaded (stream III).

The machine is mainly used in catering with small
volumes of production.

Conclusions

1. Aggregate equipment of small capacity is car-
ried out mainly modular, which allows you to equip the
base unit with the necessary modules (cleaning, grinding,
polishing, separation and weighing).

2. The hulling module and the separation of hull-
ing products have been adopted as the base module.

3. In such equipment, the percentage of hulling
machines with centrifugal action has increased.

4. Instead of mechanical separation, a photo-
separation module is installed, which separates the parti-
cles by color and shape.
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AT'PEI'ATOBAHI KOMIVIEKCHU JJIS ITIEPEPOBKH 3EPHA PUCA

Anomauin

B pobomi posensinymi pizni KOoHCmpyKyii azpecamosanux KOMnieKcie 3 nepepobku sepra pucy. Iobyodosano ma
NPOAHANIZ308AHO IX MEXHONIO2IYHI CXeMuU, | BUKOHAHA po30usKka Ha Mooyi. Lle 0o3gonuno 3epynysamu pizHi KOHCMPYKYil
azpezamig i y3a2aibHUMU iX MEXHON02IYHI Moxcausocmi. Poszenanymo 3azanbHy CKOpOYeH)y MEXHONO2IUHY CXeMy
nepepooKu 3epHa pucy. 3asHayeHi ii eapiayii wjo 00 NPAKMUYHO20 3ACTNOCYBANHA AK 3 MOOYIeM OYUUJeHHS 3epHA, MAK i
6e3 Hboeo. [lpedcmasneni pisHi cxemu TyweHHs 3epHa ma 8i000py AyuWeHH020 3epHa 8i0 Henyuenno2o. Ilpoananizoeano
MEeXHONI02IUHI cXeMu 3 DIZHUMU JYWUTbHUMU MawuHamu (ywuibHa mawuna FEuenebepea, 3 eymosumu eanamu,
8i0Yyenmposoi 0ii), AKi maroms c60i 0codaugocmi. Po3ensinymo 8iOMiHHOCII 3aCOCY8aNHS NAOJI-Mawun i mpicpie 0
copmyeanHs 3epna nicia aywieHuA. Lluninopuuni mpiepu, wo euxopucmosyromscsa 0 8i000py a0pa pucy Maioms
opuziHanbHy mexHono2iuny cxemy (ipma Yanmar). Lle 0ozeonsie cnpocmumu mexHoIO2IYHI KOMYHIKayil i 6UKOHamu
azpecam Oinbw KoOMnakmuum. B acpecamax euxopucmosyiomvca Oinbut KOMHAKMHI NA0Oi-MAwiuHu  (3MEHWEH]
eabapumu, KitbKicmy spycie i m.o.), o, 36udatiHo, 8i0busaemscs Ha ix egpexmusHocmi pooomu.

Posenanyma naibirew nowupena KomOIHOBAHA MAWUHA 3 OOHONPOX0O080I0 MEXHONOSIUHOW CXeMOI0 (AKa
ompumana Hazey 6i0 nepuioco GUHAXIOHUKA I 8UPOOHUKA, nywuibHa mMawuna gipmu Satake). Kpim nabopamoprozo
001a0HanHs, 6 azpeeamax ONsl NePepoOKU 3ePHA BUKOPUCMOBYIOMbCA IYWUIbHI MAWUNHY 8i0YyeHmpogoi Oii, wo oae
0ooamkoei nepesacu (Dinbwl KOMNAKMHA CXeMmd, 3G PAXYHOK CYMICHUYMBA OeKiIbKOX MeXHONO2IYHUX onepayil,
JIYWeHHs, MPAHCHOPMYBAHHS 3ePHOB020 NOMOKY, | NosimpaHoi cenapayii. /{18 6UKOHAHHA NOOLYy OUMo20 i HebUmo2o
3epHa 8 OLNbUOCMi NPOCUX cXeM 8UKOPUCMO8ylomb cumosi cenapamopu. Takodc 0 nioguueHHs npooyKmueHoCmi
cumosux cenapamopie, 6 OeaAKUX MOOeNAX azpe2amis iX BUKOHYIOMb YUTIHOPUYHUMU 3 B8EPMUKAIbLHOIO BiCCIo
obepmanHs, wo 003607A€ MpAHCnOpmysamu A0po Ha neeny eucomy. Lle Oae moodrcnugicms ckomMnoHygamu yel
cenapamop, Hanpukiao 3 el1eKmMpOHHUMU BA2AMU.

Kniouoei cnosa: xamenegiobipnux, cenapamop, IyWUibHa MAWUNA, WIighy8aibHa MAWUHa, NOAPYeailbHa Ma-

wuna.
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