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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 This requires increasing the rolling force applied to the

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.

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 | 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 Il. 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 | 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 Il 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-

Fig. 1. Schemes of flaking rolls

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 m;, and on the console
from the pulley m;.

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

mation zone was examined, and the geometric dimen-
The geometric data
working zone. The model of

sions of this zone were determined. A similar approach
obtained for these zones then
the proposed roller was loaded L1

% ——
AN

me

L Ls

was applied to the flake shape
allowed the application of op- Z
not with a linear load, but with

recovery zone.
erating pressure in the roller's
a more realistic loading pat-

Fig. 2. Simplified loading diagram of the shaft
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Fig. 3. Shaft deformations in static state

Fig. 4. Shaft stress in static condition

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-

1 A 2
- 3

B:
O B2 ?)4 0O Oj'
B A

Fig. 5. Diagram of the working area of the
flaking rolls
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age radius of the grains, which is
equal to the distance OB;, we will
construct a triangle O;B;A; (O1A;
= R — the radius of the roller). At
point Ay, the grain will begin to
contact the barrel of roller 1 (the
same will happen on the other side
of the grain).

The angle a will deter-
mine the grain compression zone:

a = arccos(0;B1/0;A;)

Reasoning in a similar
way, i.e. taking the distance OB,
as half the thickness of the flake,
it is possible to construct a trian-
gle O;A;B; and find the angle of
recovery f.

Arc length of the work-
ing zone
AlAZ = TE‘R’((XJFB)/I 80

Determine the total contact
area of the roller in the working
area
Sp = B’AlAg,

where B is the width of the work-
ing area, B = L-2c;
where L - is the length of the cyl-
inder,

c - 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 = asben,

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 = 4eash’en/3.

Determine the area filling factor before entering
the working area

k, = N+S/(1000+v+B), %,

where v is the linear velocity of the roller surface, m/s.
As calculations show, itis 5 -9 %.
The number of grains in the working area
N; = Sp* ky/(100-S).

Assuming the transverse rolling coefficient Ky,
= 4.5 based on experimental data, we find the length of
the second semi-axis of the flake b; = kyop*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

a, = 3+V/(4sb?m).

Longitudinal roll coefficient
Koz = a1/a.

Area of the flake S, =V/H,
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Fig. 6. Mises stress distribution map along the roller
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Fig. 7. Map of deformation distribution along the roller

where H is the thickness of the flakes.
The area of the flakes rolling in the working ar-

Ssar = Sn' Nl-

Let's find the work area fill factor
Ksi = S3ar*100/ S,,.

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

tn = A1A2/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

AP=P/S,,

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.

49

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.
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JOCJILZKEHHA INIIOIMUWJIBHOT'O BEPCTATY

Anomauisn

Y cmammi posenanymo npobnemu, nog'azani 3 nepepodxoio 8igca na narOWUILHUX 6epcmamax. iavemp 6a-
AbYI8 NIIOWUTLHUX 8ePCMAMIE 3HAYHO OLIbWUL HIdIC Y 8anbYie 8anbybosux eepcmamis i cknadae 400 — 800 mm. [os-
JICUHA BANBYIE NIIOUWUTLHUX 6epcmamid 8 ochogHomy 6i0 500 mm oo 1000 mm. Heszgaowcarouu na 36inbuieni poamipu
8aIbYI NAFOWUTBHUX 8EPCMAMIB NPOSUHAIOMbCA, MAK K BUKOHYIOMbC 0souwaposumu ma nycmominumu. Hepienomip-
Hicmb nooaui 3epHa gieca 8 pobouy 30HY (8 YeHMPATbHIU YACUHI NO0acmvcs Oinbuie) NPUBOOUMsb 00 O00AMKOB020
BUSUHY BAILYIB, U0 MOJICE NPUBECU 00 8KPAll HEOANCAHO20 PENCUMY, KOU YUNTHOPUYHI NOBEPXHI 8ANIbYIE NEPEKOU)-
0MbCsL 8 KpaliHix 30Hax Oe3 3epna. Poboma nuiowunbHo20 gepcmama 6 makomy pexicumi npueooums 00 3HAYHOI PI3HU-
Yi 8 MOBWUHI NIACMIBYIE NO OO0BNHCUHI BANLYIE | AK CIIOCHBO CHPUAE 3HUNCEHHIO AKOCMI 8UNYCKAEMOT npooykyii. B
npoyeci eKcnayamayii NIOWUIbHUX 8epCamie iX NIOWUNHUKU MA KOPRYCU 3HOUWYIOMbCA, WO MedC NPpugooums 00
30inbUeHHs NI00amAUBOCMi NIIOWUIbHUX 8anbyie. [Ipedcmaesneni KineMamuuHi cxemu Cy4acHUx NaOWUTLHUX 6epC-
mamie ma eusAgneni ix Heoonixu. Po3pobrena koHcmpyKyis naloOWUIbHO20 8ANbYSA 3 NIOBUWEHUMU NAPAMEMPAMU HCOD-
cmrocmi, 0cobaueo 8 tioeo yenmpanvhit wacmuni. CKladena cnpoujeHa cxema, ma po3paxoeawi nanpyau ma oegop-
mayii eana nuowuibHo2o gepcmama. Poszensanymo npoyec, wo 6idbysacmucsi @ poboyii 301 NIIOWUTLHOZ0 6EPCAMA,
PO3paxos8amni 30HU CIMUCKY ma GIOHOGLEeHH opmu npodykmy. Aunaniz npoyecy opmysanHns niacmisyié 00360.71uUs
36’A3amu NPOOYKMUBHICMb HCUBUTLHUKA 3 KOepiyicHmoMm 3anoenents pobouoi 301U 3epHom gisca. Ompumani npomi-
JICHI pe3yIbmamu 00360UNU CKIACMU PEANiCMUYHY CXeMy HAGAHMANCEHHs NIIOWUILHO20 8AIbYs NO 30HAM Md 00UUC-
aumu ii. B CAIIP Inventor 3M00e1b08ani yMo8u pobomu nuiowuiIbHO20 6AIbYs 3 NIOBUWEHOIO JICOPCMKICIIO MA OMpPU-
Maui po3nodinu wanpye ma degopmayiii. Pesynomamu po3paxyHKie a2 6 0CHO8Y PeKOMEeHOayili 00 NpOeKmy8aHHs.
Mma HAIAWMYSAanHs NIOWUTBHO20 86ePCMAMA.

Kniouosi cnosa: nnwowunvnuil éepcmam, ogec, niacmieuyi, Ansys.
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