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Abstract. Operational research observations of roll shredders for agricultural processing materials of varying
hardness show that failure of their functioning is mainly due to wear of working surfaces of rolls. In this
connection, studies of wear resistance and evaluation of the limit state of the working surfaces of the rollers
allow to ensure a real level of their durability. The purpose of the work is to develop a method of calculating
specific wear of working elements of roller shredders depending on physical and mechanical properties of the
roller material, mill material and the structural and technological parameters of the unit. Research task of the
wear test was to determine the integral wear characteristics depending on the combined effect of factors on the
wear process. The method of the research includes study of particle kinematics of mill material in the gap
between rolls of shredder, estimation of linear wear on working surfaces of rollers caused by abrasive particles
and the number of particles acting on unit site of the surface of shredder rolls. The specific value determined by
the ratio of wear to productivity of the shredder is used as the criterion of limit state of rolls by durability. The
main factors of influence on specific wear are abrasive action of the mill material, mechanical properties of the
roll material and kinematic characteristics and geometric parameters of the rolls. Relative difference in
comparison of the calculated and experimental data of specific wear does not exceed 10 %, which indicates high
accuracy of reflection by equation of real process. Consequently, the results of the research allow to control the
wear process and to justify structural, technological and operational solutions to increase operational reliability
of working elements of the roller shredder.
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Introduction

The problem of reliability of process units and wear resistance of their working elements is the
main one in mechanical engineering [1]. Operational observations of roll shredders for agricultural
process materials of different hardness show that their failure is mainly due to wear of the working
surfaces of the rolls in contact with the material being ground, in which crushing and abrasion
occur [2].

Working surfaces of rolls undergo cyclic elastic and plastic deformation resulting in fatigue
failure. At the same time micro- and macro-crosses are born and propagated on roller surface. During
operation, scratching and micro-cutting takes place, solid grains of the ground material are introduced
into the surface of the rollers, which leads to disruption of its continuity and eventually leads to wear
and tear [3; 4].

The problem of increasing wear resistance of working surfaces of shredders is solved by studying
their wear patterns under different friction conditions and surface layer quality. However, the wear
process is complex, and the variety of factors influencing wear is large that despite the abundance of
research in tribology there are no reliable methods of protecting equipment from intense wear and tear
[5; 6].

In this connection, for studies of wear resistance and development of a procedure for calculating
specific wear depending on the physical and mechanical properties of the material of the rollers, the
material should be ground and the structural and technological parameters of the unit, as well as the
limit state of the working surfaces of the rollers evaluated that allows to ensure a real level of their
durability.

Materials and methods

The research task of the wear test was to determine the integral wear characteristic depending on
the combined effect of factors on the wear process. To this end, the kinematics of the movement of the
particulate material in the gap between the rolls (Fig. 1). A probabilistic representation of the
movement speed of the abrasive particle as a linear combination of surface speeds was introduced by
formula (1).

V=a-V,+p-V,; a+ =1, (1)
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where V,; and V, — surface speeds, m- s
o and f — probabilities of particle fixing, respectively, on the surfaces of rollers 1 and 2.

The wear of the roll surface depends on the movement characteristics of the particles. They are
the movement speed of the particle relative to the roll surfaces; the length of traces left by the particle
on the roll surfaces; contact time and microvolume of materials deformed or separated by abrasive
particles. For theoretical calculation of the amount of abrasive wear, a spherical model of the ground
particle characterized by the radius r was used. The mechanical properties of the particles are
characterized by the value of the engineering stress oy, since the wear of the rolls is related to intensive
crushing of the abrasive particles.

Fig. 1. Diagram of abrasive particle movement in roll gap:

1, 2 -rollers; r - average radius of the abrasive particle, m; hy, h, - crushing depth of particles in
surfaces of rolls 1 and 2, m; R;, R, - radius of roll curvature, m

Moving in the gap between the rolls with increasing diffusion into the roll material, the abrasive
particle deforms some volume of the working surface materials. The first path x is determined by
formula (2) [7].

xz\/E~ y (HB, + HB,) = L. (HB, + HB,) » 2
r HB

, r HB,

where HB; and HB, — hardness of the material of rolls, MPa;
r —radius of the ground particle, m;
h —crushing depth, m;
R —relative radius of curvature of rolls, m, defined by the formula
R=RR
R +R,
After dividing the detected path (2) by the speed (1), we determine the time 7 of movement of the
abrasive particle in the gap between the rollers until the crushing depth # is reached in formula (3).

T\/E h,(HB, + HB,) \/Ew 3)
r HB2 (05\/l +[)’V2) r HBl (05\/l +,BV2)

We find the movement speeds of the particle relative to the surfaces for determination the lengths
of traces L, and L, left by the abrasive particle on each surface of the rollers. Let us stop at surface 1
(Fig. 1). Speed of relative movement of the abrasive particle along it (Vo) is found as speed
difference:

Va=aV, + BV, =Vii V,, = BV, =V}). )

Therefore,
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V,=alV,-V,).

The speed of relative motion is multiplied by the contact time (3) for determination L:

L:VM'T:\/E,B(Vz—vl)-h(HBﬁHBz)’ 5)
r HB,-(aV,+pV,)

since hardness is a determinant of the crushing depth of the indenter into the surface, then the mean of
o and B approximately can be taken inversely proportional to the hardness of the roll surfaces (Brinel):

HB, HB,

s B= (6)
HB + HB HB, + HB
let us receive
Lf\/E o ™)
r HB,-(aV,+ BV,)

A similar formula is obtained for L, from expression (7) by changing indexes.
Using expressions (7), the deformed volume for the roll surface 2 (Fig. 1) is defined in formula

(8).
% —ﬁ.h”.\/ﬁ HBZ(VI _Vz)

2 = 2 . (8)
3 HB,(aV, + BV,)
We get the same for V.
Expressing deformed volumes through the I.B. Kragelsky criterion K = h/r [8], we obtain
V,-V,|-HB,
y 32 s s g MVl ©)

3 (aV, +pBV,)- HB

Depending on the value K, the microvolume of the contacting surfaces will undergo elastic,
plastic deformation or micro-cutting. Given this, the deformed volume excited by a single abrasive
particle can be divided into three parts (Fig. 2): elastic deformation volume (V,), plastic deformation
volume (V,) and micro-cutting volume (V,,).

g

| 3

ENS
Fig. 2. Areas of the deformed volumes: 1 — elastic, 2 — plastic, 3 — microcutting

Formulas for calculating these parts are derived from expressions (9) and geometric builds in the
form of formulas (10)-(12).

Q' 25 25 \/_|V V|

V. = (10)
T3 av, +,6’V2
y =32 \/— Kzs KzAs)'rzAs \/_u (11)

n nm yn V + ﬁV
2

123



ENGINEERING FOR RURAL DEVELOPMENT Jelgava, 20.-22.05.2020.

V. :ﬁ'(KZ‘5 - K2)-r? \/Eu
3 av, + pv,

(12)

where K, K,,, K,, — L.B. Kragelsky’s criterion in areas elastic, elasto-plastic and plastic —
microcutting, respectively.

Now we will determine which of these deformations will be realized and which of the parts of the
deformed microvolume (Fig. 2) should be taken into account when assessing wear.

Analysis has shown that wear of roll surfaces occurs more due to repeated elastic and plastic
deformations. In the case of cyclic plastic deformation the volumetric wear can be estimated by the
amount of deformed volume divided by the numbers of resulting cycles n,. For determination of the
linear wear of /4, the result should be divided by the area of the wear surface S, in formula (13).

(13)

Maximum depth of the deformed volume is in keeping with the moment of its crushing. This
determines the value of the deformed volume. Then, the linear wear produced by a single particle
before it is broken, according to equation (9), taking into account n;= &' for surface 1, is defined in
formula (14).

o2’ 2 \/E|Vl —V2|

= , (14)
12HB)” -HB, -€,- S, - (aV, + V,)

hl

where ¢ — elongation at failure, %;
t — fatigue ratio for plastic deformations of the roll material.

The abrasive particle is crushed into a large number of fragments into the gap between the rolls
reaching a certain crushing depth. Then repeated crushing occurs until the particles become smaller
than the roll gap and pass the contact zone. The additional wear caused by the formed particles is
taken into account by the crushing factor K, [9; 10]. Knowing the amount of wear and the number of
particles, we sum the damage. Thus, the wear of the entire working surface of the shredder rolls was
evaluated.

Linear wear of the roll surface with area S, for time t is equal to [10]
H, =Y ng A, -AS, At (15)
S, t

where n,5— number of particles on the edge of the unit cube, pcs;
AU — total wear caused by a particle of the radius r and all its splinters formed as a result
of crushing, m-h™".
Knowing the value of linear wear we can determine its volumetric wear
u,=4u,-S,, (16)

where /, — linear wear rate, m-h™';
S —roll surface area$, = - D, - B), m.

By multiplying the expression (16) by the density of the roll material, we obtain the weight wear
Hg, m,

Hu,=4u, -p=H", - 7-D,-B-p. a7

However, it is advisable to use the specific wear criterion, which allows to estimate the
quantitative value of wear from the productivity of the unit in formula (18).

2
4,55-8% 025" RV, =V, | p-cos
Y @ HBY-g-(aV,+pV,) D, (1-cos a,)+3)p,
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where ¢ — concentration of abrasive particles in the unit volume between the rolls, %;
r — average radius of the abrasive particle, m;
p — density of the roll material, g-m’3;
y —roll cone angle, deg;
HB — hardness of the roll material, MPa;
&y — percent elongation of the roll material at break, %;
t — fatigue ratio for plastic deformations of the roll material;
D, — average diameter of rollers, m;
oy— angle of sealing and deformation;
o0 — value of gap between rolls, m;
po — bulk mass of ground material till its deformation, t-m™;
R — relative radius of curvature of rolls, m.

To analyze the specific wear of the rolls, we show three groups of factors characterizing:
1) abrasive action — A; 2) mechanical properties of roll materials — M; 3) kinematic and geometric
parameters of rolls — K, according to formulas (19)-(21).

2
gé o> s

A=——"— (19)
Po
_ \/E'|V1—V2|'cosy : 20)
(@v, + pv,)-ID,,(1-cos ) + ]
t 2,5
y = b HB™ Q1)

o

Results and discussion

As an example, we will calculate the value of specific wear from the obtained equation (18) for
bone grinding, with different factors of groups M and K, and we will construct a graphical dependence
of U, =f(HB;K¢;0) at the following basic data: 0,=76 MPa; £=73 %; R=0.1 m; r=4-10° m;
p=17810°gm?; y=0% o= B=0.5; D, =04 m; &, = 5% p, = 1.49 t-m™.

The calculated data and average values for the experiment are summarized in Table 1 and
presented in Fig. 3.

Calculated and experimental specific roll wear values

Table 1

Modify parameters Specific wear H,, g: t!
Vi, m- s V,, m- s g, % HB, MPa o, m Calculated Experimental
1243.21 1800 14.922 12.837
733 36 2400 12.426 11.09
0.127 0.105 ' 3800 0.0015 6.026 6.539
5200 4.081 4.495
324.00 5800 3.266 3.365
0.0015 12.426 11.090
0.0030 8.487 8.681
0.127 0.105 733.36 2400 0.0045 6373 6.991
0.0051 5.796 6.790
0.105 8.486 8.681
0.075 10.492 11.399
0.127 0.058 733.36 2400 0.0030 12.837 13,580
0.053 14.412 14.490

Table 1 and Fig. 3 show that the average discrepancy between the theoretically and
experimentally obtained data does not exceed 10 %. This indicates that the resulting equation for
determining the specific wear of the working surfaces of the rollers reflects the actual process with
sufficient accuracy.
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Fig. 3. Graphical comparison of wear on the roll surface: A — calculated; o — experimental;

1,2 - U, =f(0); Ky =1.2; HB =2400 MPa; 3,4 — I, = f(HB); Ky, = 1.2; 6= 1.5-10° m;
5,6~ I, =f(K,); HB = 2400 MPa; 5= 3-10"m

Similar studies were carried out on the examples of various foreign agricultural grinding

machines, the results of the analyzed works being comparable [11-13]. On the other hand, the
presented results can be used in experimental development of various methods to ensure durability of
working surfaces of rolls in operation [14; 15].

Conclusions

Based on the synthesis of the above material, the following conclusions can be drawn.

Method of estimation and prediction of specific wear of working surfaces of shredder rolls
depending on physical and mechanical properties of the roll material, ground material and
structural and technological parameters of the unit;

Comparison of estimated parameters of the methodology operability shows that the relative error
of theoretical and experimental data is not more than 10 %, therefore, the obtained mathematical
models of specific wear of the working surfaces of the rollers reliably reflect the shreddering
process;

Consideration and analysis of three groups of factors of physical and mechanical properties of the
roll material, ground material and structural and technological parameters of the unit on the basis
of the specific wear criterion of rolls, allows to control the wear process, as well as to optimize the
main structural and technological solutions in order to increase durability of working surfaces of
shredder rolls in operation.

References

[1]
[2]
[3]

[4]

[5]
[6]

Lamberson L.R., Kapur K.S. Reliability in engineering design. Weliy India Pvt. Limited, 2009.
608 p.

Srivastava A.K., Goering C.E., Rohrbach R.P., Buckmaster D.R. Engineering Principles of
Agricultural Machines. 2 nd Edition. ASABE, 2006. 553 p.

Munacan A.I'., ITactyxoB A.I'. Mertoauka ONTHUYECKOTO HCCIEIOBAHUS HAIMPSKEHHOIO-
Jne(OPMUPOBAHHOTO COCTOSIHUSL BajkoB u3Menpunteneii (Method of optical examination of
stressed-deformed state of shredder rolls) // NunoBauuu B AIIK: mpoOieMbl U NEepCHEKTHUBEL.
2019. No 1(21). pp.53-60. (In Russian).

Munacsa A.I'., Ilactryxop A.I'., Illapas O.A. OueHka HampsHKEHHO-ASGOPMUPOBAHHOIO
COCTOSTHMSI CErMeHTa Ipecc-BasikoBoro usmenpuntens (Evaluation of stress-strain condition of the
press-roll shredder segment) // Texnomorusa MammHocTpoeHud. 2016. No 3. pp.43-46. (In
Russian).

Schneider L. T. Energy saving clinker grinding system. Part I. “Word Cement” 1985. Ne 2 ,
pp- 20-27.

Schneider L. T. Energy saving clinker grinding system. Part 2. “Word Cement”, 1985, No3,
pp- 80-87.

126



ENGINEERING FOR RURAL DEVELOPMENT Jelgava, 20.-22.05.2020.

[7] Kparensckuit U.B., Jobuunn M.H., KombakoB B.C. OcHOBBI pacuéToB Ha TpeHHE M H3HOC
(Basics of friction and wear calculations). M.: MammHocTpoenwue, 1977. 528 c. (In Russian).

[8] Kparensckuii 1.B. Tpenne u nznoc (Friction and wear). M.: Mamrus, 1962. 383 c. (In Russian).

[9] Tapkynos JI.H. Tpubotexnuka (Tribotekhnik). M.: Hayka, 1989. 265 c. (In Russian).

[10] Tambuep I'., Maiiccaep @. OcHoBwl Tpenus u m3HammuBanus (Friction and Wear Foundations) /
ITep. ¢ mem. mox pea. M.H. lo6uumHa. M.: Mammunoctpoenue, 1984. 264 c¢. (In Russian).

[11]Springis G., Rudzitis J., Gerins E., Leitans A. Rough surface peak influence on the wear process
of sliding-friction pairs. Engineering for Rural Development. Jelgava, Latvia, 2016. pp. 1430-
1436.

[12]Savinyh P., Aleshkin A., Nechaev V., Ivanovs S. Simulation of particle movement in crushing
chamber of rotary grain crusher. Engineering for Rural Development. Jelgava, Latvia, 2017.
pp. 309-316. DOI: 10.22616/ERDev2017.16.N061.

[13] Kaminski J., Sypula M., Chlebowski J., Nowakowski T. Research in rake tines wear. Engineering
for Rural Development. Jelgava, Latvia, 2017. pp. 64-71. DOI: 10.22616/ERDev2018.17.N077.

[14]Munacsiu A.I'. TloBplmieHHe 3KCITyaTalMOHHOTO pecypca padOYMX IMOBEPXHOCTEH BaJIKOBBIX
m3menpuntenei (Increased operational life of working surfaces of roller shredders) // MuHOBanmu
B AIIK: nmpo6nems! u nepcnexktusbl. 2018. No 3(19). pp. 38-43. (In Russian).

[15]Bononasckas H.B., Munacsan A.I'., llapags O.A. K Bompocy MHOBBIIIEHUS SKCIUTyaTallMOHHON
HAJEKHOCTH HEKOTOPHIX BHUIOB MPOMBIIUIEHHOTO 0bopyaoBanus (To the issue of improving the
operational reliability of some types of industrial equipment) // Vesnik of Donbass State
Mechanical Engineering Academy, 2017, No 1(37), pp. 48-53. (In Russian).

127



