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ABSTRACT: Livestock in Uzbekistan is one of the main sectors of agriculture and it is based on family 

livestock farms. In family farms, animals are fed with coarse fodders, including corn stalks, alfalfa hay, camel-

thorn and pressed straw. The design of existing machines does not provide sufficient quality, especially when 

grinding stalks of corn and other roughage. This is due to the biological characteristics and morphological 

properties of plants of coarse forage crops. Based on the foregoing, a crusher-grinder has been developed for 

grinding coarse feed with the simultaneous splitting of stems. 

The study showed that at a rotor speed of 1200 - 1350 rpm, a rotor diameter in the range of 450 - 500 mm and a 

number of hammers of 20 piecesstalks are chopped qualitatively, i.e. fully comply with the original 

requirements. At the same time, the splitting of the stems is 83.5-94.0%, which also meets the original 

requirements. 
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I. INTRODUCTION. 

Livestock breeding is one of the most important agricultural sectors in Uzbekistan and it is based on family 

livestock farms. In family farms, livestock feeds on rough feeds, including corn stalks, alfalfa hay, sage and 

wheat stalks, and sunflower stalks mixed with concentrated feeds [1,2,3]. With the increase in livestock farms, 

the need for rough and concentrated feed increased, because to increase the productivity of animals in the diet 

they must be rough and concentrated feed [4-7].The development of small livestock farms is closely associated 

with the preparation of high-quality feed at lower material costs. A significant reduction in the complexity and 

increase the productivity of the preparation and distribution of feed in small livestock farms can be achieved 

through the development and implementation of small technical means for their implementation. 

In world practice, various equipment is currently used for grinding coarse feed, mixing them with concentrated 

feed and distributing the prepared feed [8-11].  

Devices for mixing feeds and mixing feeds are mainly of large size and large farms. These machines are 

designed to be used as stationary and portable as well as to mix and disperse the concentrated feeds, as well as 

to grind the pressed coarse nuts. They operate from an electric motor or tractor power supply. The machines 

used for the grinding and mixing of the foregoing feeds are intended for large farms and do not allow them to be 

used in small farms and small farms with high metal and energy capacity and high cost. Therefore, it is 

important for these farms to develop a small chopper machine for individual use. 

The tools used for crushing and preparing feeds, the type of chopper machine and their knives used for grinding 

straw and other stems were studied [12-23]. However, the design of existing machines does not provide a 

sufficiently high quality of the technological process, especially when processing stalks of corn and other 

roughage. This is due to the biological characteristics and morphological properties of the plants of coarse 

fodder crops, as well as the insufficient number of available technical solutions to improve the quality of feed 

when processing stalks of coarse feed with grinding machines. 

In accordance with this, the need arose to improve the technological process of grinders by combining grinding 

and crushing operations, as well as to develop a crusher-grinder design that satisfies the needs of farms with a 

small number of animals. 

Based on the foregoing, we developed a crusher-grinder for grinding coarse fodder with the simultaneous 

splitting of stems and studied its quality. 
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Based on the research, a technology scheme for small-scale small scale feed mixing and mixing of fodder for 

family livestock farms has been developed. 

II. MATERIAL AND METHODS. 

Studies of the processing of roughage by crushing-grinding were carried out in laboratory and field 

conditions.As a methodology for conducting research, the main provisions of GOST R ISO 11448-2002. 

Powered shredders and chippers. Safety requirements and test procedures and others methods [24, 25]. 

The repetition of experiments with each option was taken five times.For research, full-fledged stalks of straw, 

alfalfa and corn, which are the main components of roughage, were selected.Stem samples taken to determine 

the quality were weighed on a VLKT-500A balance. 

Before the experiments, the moisture content of the stems and their size and weight indicators were determined 

in accordance with State standard 20915-2011. Testing of agricultural tractors and machines. Procedure for 

determination of test conditions. Evaluation criteria for the quality of the machine were: the quality of grinding 

(Ki), the splitting of the stems (Pc). 

Laboratory experimental studies on the interaction of coarse stalks with a chopping-crushing rotor installed on a 

side-feed unit and determining the change in quality indicators depending on the parameters and operating 

modes of the rotor were carried out using a bench. 

The stand consists of the following main nodes: the drive of the working bodies of the stand is carried out using 

a three-phase asynchronous motor through V-belt transmission. The drive of the working rotor is carried out 

from the electric motor through a pulley, with the help of which the speed changes.The rotor speed can be 

adjusted by replacing the pulleys in the range of 700-1700 rpm. The stand design provides for the possibility of 

easy replacement of working bodies. The rotor consists of a shaft on which three discs of steel sheet 8 mm thick 

are mounted. Theperipheraldiskshaveopeningsforsecuringhammerswithathreadedconnection. Fastening 

hammers with bolted connections allowed changing the rotor diameter from 0.4 to 0.6 m and the number of 

hammers from 12 to 24 pcs different options (Fig. 1). The rotor length of the crusher-grinder changes due to the 

movement of hammers along their axes in the horizontal plane. The limits of the studied parameters are given in 

table 1. 

Table 1. The studied parameters of the crusher-grinder. 

Parameters Values 

1.The frequency of rotation of the rotor, rpm 

2. Rotor diameter, mm 

3. The number of rotor hammers, pcs. 

4. Rotor length, mm 

900,  1050,  1200,  1350  and  1500 

400,  450,  500,  and 550  

12,  16,  20  and  24 

400 - 600 

 

To carry out laboratory and field experiments to verify the operability in the field of a crusher-grinder with 

optimal parameters of the working bodies and determine its agrotechnical indicators, a mini crusher-grinder has 

been developed and manufactured (Fig.1). 

The technological process of grinding-crushing stems on the stand proceeds as follows. A portion of the stem 

mass, intended for processing, is placed in the tray with the apical part. 

After a stable rotational speed is established on the rotor, a portion of the stem mass laid on the feed table is fed 

for processing. Due to the inclination of the tray, the stems freely enter the space between the rotor and the 

casing. The crushed mass after processing enters the tank and is subjected to analysis to determine performance 

indicators. 

 

 
 

Figure 1. Experimental crusher grinder 
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III. RESULTS AND DISCUSSION. 

Theinfluence of the rotor speed on the quality of grinding and splitting stems.In order to determine the 

nature of the change and determine the quality indicators of the operation of the crusher-grinder, experiments 

were carried out at a rotor speed in the range from 900 to 1500 rpm with an interval of 150 rpm. The rotor 

diameter was 450 mm, and the number of hammers was 24 pcs., i.e. on each row of 6 pcs. hammers.The results 

of the experiments are given in table form. 

Table 2. The influence of the rotor speed on the quality of work 

 

Rotation frequency 

rotor,rpm 

900 1050 1200 1350 1500 

Choppedquality, Ki(%) 81,5 89,0 94,1 96,9 95,4 

Empirical formula -0,00006n
2
 + 0,178n– 27,0 

Spliting of the stems,Rs(%) 83,5 86,2 88,0 94,1 97,5 

Empirical formula 0,000018n
2
 – 0,0194n + 86,4 

 

As can be seen from table 2, with an increase in the rotor speed from 900 to 1350 rpm, the quality of grinding 

(Ki) of the stems begins to grow rapidly from 81.5 to 97.0%, i.e. within these limits of the rotor speed, the total 

number of crushed stems consists of segments 3-5 cm long.However, a further increase in the rotor speed (up to 

1500 rpm) led to the fact that the quality of grinding of the stems begins to deteriorate. This is explained by the 

fact that an increase in the rotor speed above 1350 rpm leads to an increase in the number of crushed stems up to 

3 cm long, which is unacceptable from the point of view of zootechnical requirements, since excessive grinding 

of feed (meaning less than 3 cm) causes colic in ruminants animals. 

So, at a rotor speed of 1200 to 1350 rpm, the stems are chopped qualitatively, i.e. fully comply with the original 

requirements. At the same time, the splitting of the stems is 83.5 -94.0%, which 

alsomeetstheoriginalrequirements. 

This means that with the same feeds, with an increase in the rotor speed, the multiplicity of hammer blows on 

the stems increases, which is naturally the reason for the increase in chopped and split stems. 

The effect of the rotor diameter on the performance of a mini crusher-grinder.The experiments were 

carried out at a constant rotor speed of 1350 rpm, while the number of hammers was 24 as in the previous 

experiment. The rotor design allowed changing the rotor diameter from 400 to 550 mm with an interval of 50 

mm. 

The results of the work on the influence of the diameter of the rotor on the quality of the mini crusher-grinder 

are shown in table 3. 

Table 3. Change in quality indicators of work depending on the diameter of the rotor. 

 

Rotor diameter, mm 400 450 500 550 

Choppedquality, Ki(%) 78,4 87,6 90,3 86,7 

Empirical formula -0,00128D
2
 + 1,271D – 225,2 

Spliting of the stems, Rs (%) 91,1 84,9 78,0 75,6 

Empirical formula 0,00038D
2
 – 0,467D + 217,6 

 

The experiments showed that with an increase in the diameter of the rotor from 400 to 550 mm, the splitting 

(Pc) of the stems decreased from 91.1 to 75.6%. This is because the multiplicity of hammer blows depends 

mainly on the diameter of the rotor, i.e. with increasing diameter of the rotor, the impact force increases, but 

with the same number of rows of hammers, the pitch between them increases, and this leads to an increase in the 

length of cutting of the stems With an increase in the diameter of the rotor in the range from 400 to 500 mm, the 

quality of grinding of the stems increases. However, a further increase in the diameter of the rotor to 550 mm 

led to the fact that with the same feeds, in the composition of the crushed mass, the number of particles longer 

than 3-5 cm increases. 

Thus, the most acceptable rotor diameter is 450 - 500 mm, since within these limits the quality of the splitting 

and grinding of the stems meets the initial requirements. 

The influence of the number of rotor hammers on the quality of grinding.To check the effect of the number 

of rotor hammers on the quality of grinding stems, experiments were carried out with the number of hammers 

from 3 to 6 pcs. on each row of the rotor (number of rows 4). The rotor speed was 1350 rpm, and the rotor 

diameter was 450 mm. 

As a result of processing the experimental data, the values of the dependence of the influence of the number of 

hammers on the quality of splitting and grinding of corn stalks were obtained (Table.4). 

As can be seen from the table, with an increase in the number of rotor hammers from 12 to 24 pcs. the splitting 

of the stems increases in direct proportion. With an increase in the number of hammers from 12 to 24 pcs. the 
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quality of the crushed stems is growing rapidly, but a further increase in the number of hammers led to a 

deterioration of the above indicator. 

 

Table 4. The quality of the crusher-grinder with a different number of rotor hammers 

The number of hammers on the 

rotor, pcs. 

12 16 20 24 

Choppedquality, Ki(%) 77,2 87,1 94,9 97,5 

Empirical formula -0,1508Nм
2
 + 6,821Nм +20,1 

Spliting of the stems, Rs (%) 71,9 75,2 81,5 96,0 

Empirical formula -0,1106Nм
2
+5,988Nм + 16,00 

 

This can be explained by the fact that an increase in the number of hammers up to 24 pieces on each row leads 

to excessive (meaning less than 3-5 cm) grinding of the stems, which is not permissible according to the initial 

requirements. 

Thus, the most acceptable number of hammers on each row of the rotor is 5 pcs., Since the quality of the 

splitting and grinding of the stems meets the initial requirements. 

 

IV. CONCLUSION. 

The study showed that with an increase in the rotor speed and the number of hammers, the number of small 

particles in the composition of the crushed feed increases, and with an increase in the diameter of the rotor 

decreases. With a rotor speed of 1200 - 1350 rpm, a rotor diameter between 450 - 500 mm and a number of 

hammers of 20 pcs. the stalks are chopped qualitatively, i.e. fully comply with the original requirements. At the 

same time, the splitting of the stems is 83.5 ... 94.0%, which also meets the original requirements. 
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