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ських виробників преміксів потребує комплексного підходу, який включає модернізацію виробництва, впрова-

дження систем управління якістю (HACCP, GMP+), розвиток науково-дослідної бази та тісну інтеграцію з 

підприємствами тваринництва. Отримані результати можуть бути використані для вдосконалення техноло-

гій виробництва преміксів та формування ефективної стратегії розвитку галузі в Україні. 
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RESEARCH ON THE FLAKING ROLLS 
 

Annotation 

The article discusses the problems associated with the processing of oats on flaking rolls. The diameter of the rollers of 

flaking rolls is much larger than that of the rollers of rolling machines and is 400 - 800 mm. The length of the rollers of flaking rolls 

is mainly from 500 mm to 1000 mm. Despite the increased size, the rollers of flaking rolls bend, as they are made double-layered and 

hollow. The uneven feeding of oat grain into the working zone (more is fed in the central part) leads to additional bending of the 

rollers, which can lead to an extremely undesirable mode when the cylindrical surfaces of the rollers roll over in the extreme zones 

without grain. The operation of the flaking rolls in this mode leads to a significant difference in the thickness of the flakes along the 

length of the rollers and, as a consequence, contributes to a decrease in the quality of the products produced. During the operation 

of flaking rolls, their bearings and housings wear out, which also leads to an increase in the compliance of the flattening rollers. 

Kinematic schemes of modern flaking rolls are presented and their shortcomings are identified. The design of a flattening roller with 

increased rigidity parameters has been developed, especially in its central part. A simplified scheme has been drawn up, and the 

stresses and deformations of the flaking rolls shaft have been calculated. The process occurring in the working area of the flaking 

rolls has been considered, the compression zones and product shape recovery zones have been calculated. Analysis of the flake for-

mation process allowed us to link the feeder productivity with the filling coefficient of the working area with oat grain. The obtained 

intermediate results allowed us to draw up a realistic scheme of the flattening roller loading by zones and calculate it. The operating 

conditions of the flattening roller with increased rigidity have been simulated in Inventor CAD and the distributions of stresses and 

deformations have been obtained. The results of the calculations formed the basis of recommendations for the design and adjustment 

of the flaking rolls. 

Key words: flaking rolls, oats, flakes, Ansys. 

 

Introduction 

Flaking rolls are designed to produce flakes 

from oat, rice, buckwheat, wheat, corn, barley and other 

grain crops. Structurally, the flaking rolls resemble roller 

mills for grinding grain, but have a number of 

differences. The rollers of the flaking rolls have an 

increased diameter, which is necessary to increase the 

time of grain deformation and prevent cracking of the 

flakes at the edges. The flaking rolls itself consists of one 

pair of smooth rollers with a small working gap between 

them. According to the rules [1], the flakes should have a 

thickness of no more than 0.5 mm, but the exact 

thickness depends on many factors. A number of 

publications [2-6] have indicated that maintaining a 

certain flake density for feeding to animals is essential. 

This ultimately leads to improved starch digestibility. 

This requires increasing the rolling force applied to the 

grain in the processing area. 

There is a need to produce flakes from amaranth 

grain (grain diameter 0.6-0.8 mm), which poses certain 

challenges [7]. One of the most important aspects of 

flattening is ensuring a uniform feed of raw materials 

along the entire length of the rollers of the flaking rolls. 

The unevenness of the oat grain supply to the working 

zone leads to additional bending of the rollers, which can 

lead to an extremely undesirable mode when the 

cylindrical surfaces of the rollers roll over in the extreme 

zones without grain. As a result, microcracks appear in 

the zones of direct contact, which grow over time. The 

surface crack usually spreads in the direction of the load. 

As a result of this mode of operation, the cantilever 

elements of the barrel of the flaking roller are destroyed. 
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The feeder is used for uniform and precise 

distribution of raw material into the working area, 

which ensures the operation of the flaking rolls at 

optimal productivity, and also provides uniform wear 

of the rollers. To ensure uniform thickness of the 

flakes, the rollers are installed using hydraulic or 

screw mechanisms. Unfortunately, the design of the 

machine and rollers does not provide increased 

rigidity, which leads to thicker flakes in the central 

part of the rollers. To ensure proper uniformity of 

thickness, flake samples should be regularly taken 

along the length of the rollers.  

It is also necessary to control the condition 

of the surface of the rollers and after the 

recommended time they should be re-ground. 

Practical recommendations for flattening rollers, 

operating time no more than 3-4 months. 

Flaking rolls are mainly performed according to 

two schemes presented in Fig. 1. In the scheme of Fig. 

1a, rotation is transmitted from the electric motor 1 

through the belt drive 2 to the shaft I, which is located in  

the bearings 3. On the shaft I is located the barrel of the 

roller 4 and the gear wheel 5, which transmits rotation to 

the gear wheel 6, which is located on the shaft II. The 

barrel of the roller 8 is fixed on this shaft, and the shaft 

itself is located in bearings 7. The considered scheme has 

fixed bearing housings 3, in which the shaft I rotates, and 

movable bearing housings 7, which allows you to adjust 

the working gap between the barrels of the rollers 4 and 

8. Considering that the gear (5, 6) fails when adjusting 

the working gap between the rollers, most machine-

building companies switch to the production of flaking 

rolls according to the scheme shown in Fig. 1b. In this 

scheme, the drive of the second shaft II with the barrel 8 

is carried out from the electric motor 5 through the belt 

transmission 6, which allows you to abandon the gear 

transmission with its disadvantages. Other structural el-

ements of the scheme remain unchanged. 

Purpose and tasks of the work. Development 

of a calculation methodology for flattening machine roll-

ers. 

 

Materials and methods 

When developing new, highly efficient process 

equipment, it became necessary to increase the rigidity of 

the rollers. Several design options for the crushing roller 

were proposed. A model of the designed roller needed to 

be loaded with the loads that arise during operation. This 

required knowing the zones of application of the forces 

that deform the oat grain, as well as the flake shape re-

covery zone. The process occurring in the grain defor-

mation zone was examined, and the geometric dimen-

sions of this zone were determined. A similar approach 

was applied to the flake shape 

recovery zone. 

The geometric data 

obtained for these zones then 

allowed the application of op-

erating pressure in the roller's 

working zone. The model of 

the proposed roller was loaded 

not with a linear load, but with 

a more realistic loading pat-

tern. A similar model of the process occurring between 

two rollers is considered in [8]. Given that in our case we 

have a roller feeder, considering the product acceleration 

zone (or deaeration zone) is pointless. By determining 

the angle at which the grain is compressed, it is possible 

to determine other parameters: the time it takes to pass 

through this zone and the pressure on the roller walls. 

This allowed the INVENTOR CAD environment to de-

termine the most rigid version of the crushing roller. 

Modeling was performed using the finite element meth-

od, which allowed for the generation of deformation and 

stress distribution maps. The calculations and modeling 

carried out made it possible to develop a design method-

ology for this type of equipment. 

 

Results of the study and their discussion 

The loads on the roller from the compressed 

product have a complex form, it is not a point or linear 

load, which is accepted by most researchers to simplify 

calculations (Fig. 2). For example, for static calculation it 

is possible to consider the shaft of a flaking roll on two 

supports, fixed on the left and movable on the right, with 

two masses, from the roller barrel m1, and on the console 

from the pulley m2.  

In initial design work, this approach makes it 

possible to determine the nature of deformations along 

the length of the shaft and their magnitudes (Fig. 3), 

which improves the decision on the layout of the flaking 

rolls. 

It is also possible to determine the stresses that 

arise in the shaft (Fig. 4). 

In order to apply working forces to the roller, it 

is necessary to determine their zone of action and 

magnitude. Experimentally, it is possible to find the 

working forces in the core flattening zone using strain 

gauges or determining the working pressure in the 

hydraulic cylinders of the flaking rolls. The length of the 

working zone in which the pressure forces act remains  

 

 
a                                                             b 

Fig. 1. Schemes of flaking rolls 
 

 
Fig. 2. Simplified loading diagram of the shaft 
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undetermined. First, the width of the working zone is 

usually the length of the roller minus two thicknesses of 

the edge cheek. But the length of the working zone, the 

length  of the arc where the product contacts the roller, is 

not determined. 

Therefore, let us consider the process that oc-

curs in the working zone between the flattening rollers. 

Fig. 5 shows a simplified diagram of the working zone of 

the flaking rolls. Between the barrels of rollers 1 and 2 

there is a working zone 3 in which grain destruction and 

the formation of flakes occur. Taking as a basis the aver- 

 
Fig. 5. Diagram of the working area of the 

flaking rolls 

age radius of the grains, which is 

equal to the distance ОВ1, we will 

construct a triangle О1В1А1 (O1A1 

= R – the radius of the roller). At 

point А1, the grain will begin to 

contact the barrel of roller 1 (the 

same will happen on the other side 

of the grain).  

The angle α will deter-

mine the grain compression zone: 

α = arccos(O1B1/O1A1) 

Reasoning in a similar 

way, i.e. taking the distance ОВ2 

as half the thickness of the flake, 

it is possible to construct a trian-

gle О1А2В2 and find the angle of 

recovery β. 

Arc length of the work-

ing zone 

А1А2 = π•R•(α+β)/180 

Determine the total contact 

area of the roller in the working 

area 

Sр = В•А1А2, 

where B is the width of the work-

ing area, В = L-2c; 

where L - is the length of the cyl-

inder, 

с - is the thickness of the 

edge cheek. 

Let's find the productivity 

of the grain feeder in pcs/s: 

N = Q•1000•1000/(3600•M), 

where Q – productivity kg/hour; 

M – mass of 1000 grains, g. 

Grain area in projection (for oat grain – shape ap-

proximately elongated ellipsoid of rotation) ellipse: 

S = a•b•π, 

where a is the length of the first semi-axis of the ellipse, 

b is the length of the second semi-axis of the ellipse. 

The volume of an oat grain 

V = 4•a•b
2
•π/3. 

Determine the area filling factor before entering 

the working area 

kз = N•S/(1000•v•B), %, 

where v is the linear velocity of the roller surface, m/s. 

As calculations show, it is 5 – 9 %. 

The number of grains in the working area 

N1 = Sр• kз/(100•S). 

Assuming the transverse rolling coefficient kpop 

= 4.5 based on experimental data, we find the length of 

the second semi-axis of the flake b1 = kpop•b. Considering 

that the density of the flakes varies slightly in relation to 

the grain density, it is possible to find the other semi-axis 

of the ellipse 

a1 = 3•V/(4•b
2
•π). 

Longitudinal roll coefficient 

kпод = a1/a. 

Area of the flake     Sп = V/H, 

 
Fig. 3. Shaft deformations in static state 

 

 
Fig. 4. Shaft stress in static condition 
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where H is the thickness of the flakes. 

The area of the flakes rolling in the working ar-

ea 

Sзаг = Sп• N1. 

Let's find the work area fill factor 

kз1 = Sзаг•100/ Sр. 

Typically, this coefficient is 65-75%. As the co-

efficient of filling the working zone increases, the proba-

bility of obtaining stuck flakes increases, which affects 

the quality of the produced product. 

Time of grain in the working zone 

tп = А1А2/v. 

Having determined the total contact area of the 

roller and knowing the expansion forces in the working 

zone, it is possible to find the specific load on the roller 

barrel in the working zone 

∆P= P/ Sр, 

where P is the expansion force in the working zone. 

To prevent the flattening roller from bending in 

the working area along a parabola, we will introduce 

several design solutions to increase the rigidity of the 

standard roller. 

After that, in Inventor CAD, 

you can go to the "Environments" sec-

tion and specify the supports, the gravity 

force of the roller, the specific loads in 

the working area, the belt tension force, 

and the torque on the drive pulley on the 

model of the roller of the flaking rolls. 

The next step is to divide the 

cylinder into tetrahedra and obtain a 

finite element mesh (Fig. 6). 

After the calculation, we obtain 

a map of the Mises stress distribution 

over the volume of the roller. As follows 

from the results obtained at maximum 

working loads, the stresses and the safe-

ty factor are in the safe zone. The maxi-

mum stresses are at the stress concentra-

tors, these transitions during the opera-

tion of the machine accumulate mi-

crocracks during cyclic operation, which 

after some time leads to the appearance 

of a crack and breakage of the roller pin. 

And this occurs at a time when the 

working stresses are less than ten times 

the permissible ones for the main design. 

Let us turn to the deformations 

obtained at maximum working loads 

(Fig. 7). As follows from the data ob-

tained, the vertex of the roller deflection 

parabola in the working zone has signif-

icantly aligned with its two branches. 

The maximum deflection is 0.06 mm. In 

practice, this makes it possible to in-

crease the thickness of the flakes by 0.12 

mm, compared to the flakes that we ob-

tain at the edges of the rollers. In order 

for the flakes to meet the requirements 

of the Rules [1], it is necessary to main-

tain a working gap between the rollers at 

the edges of 0.13 mm. 

Taking into account the low angular speed of ro-

tation of flaking rolls, studies and Campbell's diagram 

were not constructed. The first critical speed is twice the 

operating speed of the roller. 

 

Conclusions 

1. Kinematic schemes of flaking rolls are con-

sidered. Disadvantages of some kinematic schemes are 

identified. 

2. Static calculations of the flaking rolls shaft 

are performed. 

3. A more realistic scheme of the roller loading 

is presented and the distributions of stresses and defor-

mations of the roller are obtained. 

4. The simulation carried out at the design stage 

of the process equipment allowed us to improve the ri-

gidity characteristics of the flattening machine and im-

prove reliability indicators. 

5. The calculations and modeling carried out 

made it possible to develop a design methodology for 

this type of technological equipment. 

 
Fig. 6. Mises stress distribution map along the roller 

 

 
Fig. 7. Map of deformation distribution along the roller 
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ДОСЛІДЖЕННЯ ПЛЮЩИЛЬНОГО ВЕРСТАТУ 
 

Анотація 

У статті розглянуто проблеми, пов'язані з переробкою вівса на плющильних верстатах. Діаметр ва-

льців плющильних верстатів значно більший ніж у вальців вальцьових верстатів і складає 400 – 800 мм. Дов-

жина вальців плющильних верстатів в основному від 500 мм до 1000 мм. Незважаючи на збільшені розміри 

вальці плющильних верстатів прогинаються, так як виконуються двошаровими та пустотілими. Нерівномір-

ність подачі зерна вівса в робочу зону (в центральній частині подається більше) приводить до додаткового 

вигину вальців, що може привести до вкрай небажаного режиму, коли циліндричні поверхні вальців перекочу-

ються в крайніх зонах без зерна. Робота плющильного верстата в такому режимі приводить до значної різни-

ці в товщині пластівців по довжині вальців і як слідство сприяє зниженню якості випускаємої продукції. В 

процесі експлуатації плющильних верстатів їх підшипники та корпуси зношуються, що теж приводить до 

збільшення піддатливості плющильних вальців. Представлені кінематичні схеми сучасних плющильних верс-

татів та виявлені їх недоліки. Розроблена конструкція плющильного вальця з підвищеними параметрами жор-

сткості, особливо в його центральній частині. Складена спрощена схема, та розраховані напруги та дефор-

мації вала плющильного верстата. Розглянуто процес, що відбувається в робочій зоні плющильного верстата, 

розраховані зони стиску та відновлення форми продукту. Аналіз процесу формування пластівців дозволив 

зв’язати продуктивність живильника з коефіцієнтом заповнення робочої зони зерном вівса. Отримані промі-

жні результати дозволили скласти реалістичну схему навантаження плющильного вальця по зонам та обчис-

лити її. В САПР Inventor змодельовані умови роботи плющильного вальця з підвищеною жорсткістю та отри-

мані розподіли напруг та деформацій. Результати розрахунків лягли в основу рекомендацій до проектування 

та налаштування плющильного верстата. 

Ключові слова: плющильний верстат, овес, пластівці, Ansys. 
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