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Abstract 
Existing grain grinders and crushers have a large metal and energy consumption, as well as high prices, which do not allow use in small 
farms. In addition, because of the grinding of feed grain with one pass, the uniformity of the crushed feed is not ensured on these 
crushers. Based on this, a small grinder-crusher was developed, consisting of an upper and lower chamber for stepwise grinding of ears 
of corn and its grain, grain of barley, oat and rye. The quality of operation of the upper grinding chamber of the crusher-grinder under 
development was investigated depending on the diameter of the holes of the side of the chamber and the number of rotor knives in the 
grinding chamber. The best indicators of the particle size distribution of the crushed product and throughput were obtained with the 
hole diameters of the side of the grinding chamber 20 mm and the number of rotor knives 4 pieces. 
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INTRODUCTION
In Uzbekistan, small family livestock and poultry farms are 
growing with a livestock of 30-100 animals and 1000-2000 
poultries. With the increase in livestock and poultry farms of this 
type, the need for concentrated feed increased, because to 
increase the productivity of animals in the diet they must be 
concentrated feed, i.e. feed obtained by processing feed grains 
[1]-[3]. In small livestock farms, there is the possibility of 
cultivating corn, barley, oats and rye. However, due to the lack of 
a small device with optimal performance for preparing feed by 
grinding and crushing it, farms find it difficult to provide 
themselves with feed. Existing shredders and crushers were 
designed for large farms and due to the high metal and energy 
intensity, as well as the high priced, they cannot be used in small 
livestock farms. In addition, because of the grinding of feed grain 
with one pass, the uniformity of the crushed feed is not ensured 
on these crushers. As a result, when feeding animals with this 
type of food, fractions with a size of more than 2 mm are not 
sufficiently mastered by the animal and the efficiency of the feed 
is reduced. Based on this, there was a need for the development 
of grain crusher-grinder, which provides a more homogeneous 
fraction of the crushed product. 
 
LITERATURE REVIEW 
In practice, there are disk, roller, rotor and other types of 
grinders and crushers. There are many works on the research 
and development of these crushers and grinders. 
D.Dziki and his team researched the crushing of wheat kernels 
and its consequence on the grinding process. As well they studied 
the influence of kernel size on grinding process of wheat at 
respective grinding stages for energy crushing and fractions after 
grinding [4]-[6]. S.Kwofie, A.Andrews and E.Mensah defined the 
quality of locally-manufactured corn-mill grinding with disc 
plates [7]. P.Toneva, P.Epple, M.Breuer, W.Peukert, K.Wirth 

researched grinding in an air classifier mill in part I 
characterization of the one-phase flow in disc-impeller type 
grinder [8]. K.Nwaigwe, C.Nzediegwu, P.Ugwuoke designed the 
construction and performance evaluation of a modified cassava 
milling machine vertical rotor type with hummer [9]. P.Vaculík, 
J.Maloun, L.Chládek, M.Pøikryl researched the disintegration 
process in disc crushers [10]. X.Zhao, H.Zhou, S.Rong, B.Yang 
researched the new combined type crusher with metallic and 
bimetallic hammer [11]. M.Dabbour at al. studied grinding 
parameters and their effects on the quality of corn for feed 
processing of hummer grinder with horizontal rotor [12]. 
M.Lupu, V.Pădureanu, C.Canja studied the influence of speed 
compression on the maize grinding process with disc equipment 
[13]. V.Yanovich and I.Kupchuk determined the rational 
operating parameters for a vibrating disc-type grinder and 
verification of the mathematical model of the energy 
consumption drive for vibrating disc crusher [14], [15]. 
D.Alijanov at al. also studied the destruktion of grain in the 
working chamber of the disc crusher [16]. R.Iskenderov, 
A.Lebedev, A.Zacharin, P.Lebedev defined evaluating 
effectiveness of grinding process of grain materials with 
horizontal rotory grain crusher, it is shown how the 
technological process of grain grinding is estimated in 
accordance with the proposed method and allowed to detect 
about 28 % of the substandard fraction in the finished product, 
when its grinding module M = 2.1 mm corresponds to the zoo-
technical requirements of 1.8-2.6 mm [17]. P.Sobczak at al. 
analyzed the organic dust concentration during a wheat grinding 
process which was carried out using two types of grinders: A 
hammer mill and a roller mill. For both mills, the obtained 
concentration of the PM10 fraction (particles with the size 
smaller than 10 micro m) dust exceeded the acceptable level. 
Especially an increase of the grain moisture to 14% this 
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condition was improved significantly [18]. Y.Ushakov, V.Shakhov, 
E.Asmankin, D.Naumov studied theoretical results of product 
flow management process in hammer-type shredder working 
chamber [19]. F.Lyu, M.Thomas, W.Hendriks, A.Poel studied 
different grinding methods, including the use of roller mills, 
hammer mills, multicracker and multi-stage grinding were 
reviewed. Roller milling tends to produce a more uniform 
particle size distribution (PSD) and consumes less energy, whilst 
hammer mills have a greater grinding capacity and a higher 
reduction ratio compared to roller mill. The multi cracker 
system, a more recently developed technology, can be considered 
cost-effective and ensures grinding capacity. Since the effects of 
different grinding methods vary, multi-stage grinding, combining 
different grinding methods, might be a solution to obtain a 
defined PSD [20]. V.Sysuev at al. researched movement and 
transformation of grain in two-stage hammer crusher as well 
they studied the simulation of elastic deformation propagation of 
grain under impact crushing in crusher and investigated the 
oscillations of hammer rotor of grain crusher [21]-[23]. P. 
Savinyh, V.Shirobokov, O.Fedorov, S.Ivanovs studied the 
influence of  rotary grain crusher parameters on quality of 
finished product [24]. 

Studying the state of the problem showed that these 
technological shortcomings of the grinders can be prevented by 
the stepwise action on the processed grain, i.e. the grain must 
first be brought in the form of a chop, and then grind them. Based 
on this hypothesis, a crusher-grinder has been developed for 
small livestock farms, which performs stepwise grinding of ears 
of corn and its grain, barley, oat and rye [25]. 
 
EQUIPMENT AND METHOD 
A. Grinder-crusher 
In order to determine performance indicators, a grinder-crusher 
for stepwise grinding of grain was developed (fig.1). 
 

 
Fig. 1: Grinder-crusher for Steps Grinding of Grain 

 
The grinding chamber consists of two compartments. In the first 
compartment of the grinding chamber, knives are rigidly 
attached to the rotor, and hammers are pivotally attached in the 
second compartment. The diameter of the grinding chamber of 
the grinder-crusher is 300 mm, the rotor diameter is 290 mm, 
the rotor speed is 2750 rpm. The rotor is driven by an electric 
motor through a belt drive. Admission to work and suspension of 
the crusher-grinder is carried out using the control panel. 
 
B. Technological process  
Grains through the receiving hopper are fed into the grinding 
chamber. In the first compartment of the grinding chamber, the 
rotor is equipped with knives and they chop grain. During the 
grinding process, crushed grains pass through the side openings 
of the first compartment of the grinding chamber and, through 

the tray, through the loading hatch, enter the second 
compartment of the grinding chamber. In the second 
compartment of the grinding chamber, under the action of 
pivotally attached rotor hammers, grain grinding is carried out. 
The finished product exits through the openings of the 
interchangeable grate and is unloaded by a discharge pipe into a 
special container or bags. 
 
С. The Method of Experiments 
The studies examined the performance of the upper part, i.e. the 
first compartment, depending on the diameter of the holes of the 
side of the chamber and the number of rotor knives in the 
grinding chamber. During the research, existing methods were 
used, given in the standards BST-70.19.2-83 “Testing of 
agricultural machinery. Machines and equipment for the 
preparation of feed. Programs and research methods”, GOST 
24057-88 “Agricultural machinery. Methods of operational and 
technological evaluation of machine complexes, special and 
universal machines at the test stages” and Uz DST 3240: 2017. 
“Feed-Combined Fodder. Technical conditions." 

To evaluate the operation of the upper grinding chamber for 
stepwise grinding, the particle size distribution of the crushed 
product was adopted. To determine it, samples were obtained 
from the crushed product and divided into fractions up to 3 mm, 
3-5 mm and more than 5 mm using laboratory sieves with a hole 
diameter of 3 mm and 5 mm. The ratio of fractions to the total 
weight determined the particle size distribution of the crushed 
product. In the experiments, we studied the grinding of corn 
cobs, the side holes of the upper grinding chamber were changed 
from 10 mm to 30 mm, and the number of rotor knives from 2 
pieces up to 6 pieces. 
 
RESULTS AND DISCUSSION 
According to the results of the experiment, with an increase in 
the diameter of the holes of the grinding chamber from 10 to 30 
mm, the number of fractions up to 3 mm decreased from 18.6 to 
0.9%, and the number of fractions 3-5 mm from 44.2 to 14.4%. 
Moreover, fractions of more than 5 mm increased from 37.2 to 
84.7% (table 1). 
 

Table I: The effect of the diameter of the holes of the upper 
grinding chamber on grinding quality 

No. 

Granulometric 
composition of 
the crushed 
product 

The diameter of the hole of the upper 
grinding chamber, mm 

10 15 20 25 30 

1 
Fraction up to 3 
mm, % 

18,6 12,1 7,3 3,1 0,9 

2 
Fraction 3-5 mm, 
% 

44,2 39,5 35,9 27,7 14,4 

3 
Fraction larger 
than 5 mm, % 

37,2 48,4 56,8 72,3 84,7 

 
The best performance in terms of particle size distribution of the 
crushed product and throughput were obtained with hole 
diameters of 20 mm. The results of the experiment showed that 
with the number of rotor knives 2 pieces the number of fractions 
up to 3 mm in the composition of the crushed product was 4.8%, 
and the number of fractions 3-5 mm and more than 5 mm, 
respectively 24.2% and 70.4%. However, when 4 and 6 knives 
were installed on the rotor of the grinder, the number of 
fractions up to 3 mm increased from 6.9% to 8.5% (table 2). 
 

Table II: The effect of the number of rotor knives in the 
upper grinding chamber on grinding quality 

No. 
Granulometric 
composition of the 
crushed product 

The number of rotor knives  in 
the upper grinding chamber, 
pieces. 
2 4 6 

1 Fraction up to 3 mm, % 4,8 6,9 8,5 

https://www.scopus.com/authid/detail.uri?authorId=57209266525&amp;eid=2-s2.0-85067115492
https://www.scopus.com/authid/detail.uri?authorId=57209275014&amp;eid=2-s2.0-85067115492
https://www.scopus.com/authid/detail.uri?authorId=57209272665&amp;eid=2-s2.0-85067115492
https://www.scopus.com/authid/detail.uri?authorId=57209270608&amp;eid=2-s2.0-85067115492
https://www.scopus.com/record/display.uri?eid=2-s2.0-84937435011&origin=reflist&sort=plf-f&src=s&st1=grain+crusher&nlo=&nlr=&nls=&sid=0a132a70c0e012038820038b153f8fc6&sot=b&sdt=b&sl=28&s=TITLE-ABS-KEY%28grain+crusher%29&recordRank=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84937435011&origin=reflist&sort=plf-f&src=s&st1=grain+crusher&nlo=&nlr=&nls=&sid=0a132a70c0e012038820038b153f8fc6&sot=b&sdt=b&sl=28&s=TITLE-ABS-KEY%28grain+crusher%29&recordRank=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84976523919&origin=reflist&sort=plf-f&src=s&st1=grain+crusher&nlo=&nlr=&nls=&sid=0a132a70c0e012038820038b153f8fc6&sot=b&sdt=b&sl=28&s=TITLE-ABS-KEY%28grain+crusher%29&recordRank=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84976523919&origin=reflist&sort=plf-f&src=s&st1=grain+crusher&nlo=&nlr=&nls=&sid=0a132a70c0e012038820038b153f8fc6&sot=b&sdt=b&sl=28&s=TITLE-ABS-KEY%28grain+crusher%29&recordRank=
https://www.scopus.com/authid/detail.uri?authorId=56728791200&amp;eid=2-s2.0-85048970422
https://www.scopus.com/authid/detail.uri?authorId=57202647552&amp;eid=2-s2.0-85048970422
https://www.scopus.com/authid/detail.uri?authorId=57202647242&amp;eid=2-s2.0-85048970422
https://www.scopus.com/authid/detail.uri?authorId=55014284800&amp;eid=2-s2.0-85048970422


INDICATORS OF OPERATION OF THE TOP GRINDING CHAMBER OF GRINDER-CRUSHER FOR STEPS GRINDING OF GRAIN 
 

                       Journal of critical reviews                                                                                                                                                 1014 

 
 

2 Fraction 3-5 mm, % 24,2 35,8 41,4 

3 
Fraction larger than 5 
mm, % 

70,4 57,3 50,1 

 
According to the experiment, if the size of fractions is 3-5 mm 
with the number of knives 4 pieces amounted to 35.8%, and with 
the number of knives 6 pieces increased and amounted to 41.4%. 
The size of fractions is more than 5 mm with an increase in the 
number of knives from 4 pieces up to 6 pieces decreased from 
57.3% to 50.1%. An analysis of the data shows that with an 
increase in the number of knives from 2 pieces up to 4 pieces the 
amount of the desired fraction, i.e. fractions up to 3 mm and 3-5 
mm increased by 1.4-1.5 times, and with an increase in the 
number of knives from 4 pieces up to 6 pieces increased 1.1-1.2 
times. Based on this, it is determined that the increase in the 
number of knives is more than 4 pieces slightly affects the 
increase in the desired fraction. Therefore, an increase in the 
number of knives is more than 4 pieces in the working chamber 
of the grinder is not effective. 
 
CONCLUSION 
The best indicators of the particle size distribution of the crushed 
product and throughput were obtained with the hole diameters 
of the side of the grinding chamber 20 mm and the number of 
rotor knives 4 pieces. Based on these data, the diameter of the 
hole of the side of the grinding chamber and the number of rotor 
knives in the grinding chamber, it is advisable to take 20 mm and 
4 pieces. 
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