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Abstract. Essential increase in functional durability of a node of a roller of the roller conveyer 

of the rolling mill by the rational choice of parameters of the small-size shock-absorber (buffer 

adapter) is shown. At the same time dimensions of a node don't change, costs of reconstruction 

are small. The possibility of management of loadings in a bearing node without change of 

technology parameters of the process which is carried out by the rolling mill is confirmed. 

1. Introduction 

Metallurgical cars have high parameters on loadings, the sizes and speeds of executive bodies. Nodes 

of bearings, pillows of rolls, frames of roller conveyers and the bed of rolling mills, connecting spindles, 

toothed gearings and so on belong to similar parts. So, according to shop data, on a continuous 

broadband camp of 1700 of ArcelorMittal Temirtau plant only in fair group of cages about 50 bearings 

in a month collapse.  

These are four-row cone bearers; the cost of each bearing is about $5000. In PJSC MMKIM. Ilyicha 

life cycle of such bearings (for example, the conic roller conveyer of a plate camp 3000 or the receiving 

roller conveyer of a continuous broadband camp 1700) makes only about two months. Places for 

installation of large-size shock-absorbers of compression or shift therefore it is necessary to use the 

small-size shock-absorbers installed under outer races of bearings are often not provided in modern 

designs of rollers of roller conveyers. The competent choice of parameters of such shock-absorbers 

would allow to increase significantly the functional durability of all node of a roller of the roller 

conveyer. 

2. Simulation 
There are no standard principles of design of shock-absorbers for metallurgical cars [1-3] today. In this 

direction many mistakes are made. There are only recommendations about creation of shock-absorbers 

checked by practice which allow to avoid rough miscalculations. It is possible to amortize and it is 

necessary only parasitic (harmful) loadings which aren't necessary for implementation of technology. 

The main objective of depreciation is to reduce the maximum total load (that can be made only at the 

expense of parasitic loadings) [4-6]. A universal way of depreciation of loadings is increase in ability of 

the protected systems to accumulate elastic potential energy of deformation. The best is the option of 

increase in power consumption of system due to implementation of the shock-absorber in it [7]. At 

consecutive inclusion of a similar element in the elastic system of their power consumption are summed 
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up, and possibilities of such system on depreciation of parasitic loadings significantly increase. Similar 

tasks successfully are solved on the basis of use of the molding constructional polyurethane having great 

values of specific power consumption [8, 9]. 

The purpose of the real work is essential increase in functional durability of a node of a roller of the 

roller conveyer of the rolling mill by the choice of rational parameters of the small-size shock-absorber 

installed under a bearing outer ring and also confirmation of a possibility of management of loadings in 

a bearing block without change of technology parameters of the process which is carried out by the 

rolling mill in general. 

Result and analysis. The essence of protection of metallurgical cars against breakdowns by means of 

shock-absorbers, consists in the following. One of types of shock-absorbers (the buffer, a damper, the 

compensator, the adapter or a combination of several types) is established to the power line in which the 

level of parasitic loading is high. At the same time performance data of the car significantly changes (or 

one of its power lines). Respectively, parasitic loading decreases. It occurs at each loading [10-12]. 

In practice often it is necessary to solve a problem of improvement or modernization of the existing 

shock absorption system. It occurs when the existing shock-absorber has the insufficient power 

consumption connected with small specific power consumption of material of the elastic element (EE). 

In this case the main objective of the designer – within the existing dimensions of the slot to develop 

the safety lock shock-absorber (SLSA) of the maximum power consumption, keeping at the same time 

a proof load for the car. 

We will illustrate the level of depreciation properties of devices which can influence irrespective of 

external impacts on the functional durability of parts of power lines by reduction of the arising loadings 

and tension. Below the change of functional durability of the car which isn't connected with change of 

technology process is considered. Specific subject of the analysis – rollers of the TLS 3000 conic roller 

conveyer of PJSC Mariupol Iron and Steel Works of Ilyich. 

Originally the shock-absorber (figure 1) of a roller (adapter buffer) was installed on an external 

bearing ring. Emergence of the adapter is caused by dissecting of seats (plastic deformation of an 

aperture of a pillow). The reason – the high level of contact tension connected with excessive rigidity 

(and, so high sensitivity to geometrical deviations, first of all, to production accuracy) the contacting 

couple. 

Installation of the adapter buffer improves distribution of contact tension. Their maximum values 

can be reduced by an order. After installation of adapters (polyurethane rings δ=20 mm thick) dissecting 

of pillows completely stopped. However life cycle of bearings practically remained invariable though 

the effect of reduction of loading (very insignificant) has to be shown. It is connected with change of 

performance data of the power line of a roller. In other words, the effect of depreciation in this power 

line is connected with reduction of its rigidity because of deformation of draft gear. 

 

 

Figure 1. Scheme of installation of the ring shock-absorber (adapter buffer): 1 – pillow; 2 – bearing; 3 

– shaft; 4 – shock-absorber 

 

It is possible to estimate reduction of rigidity approximately, considering some data from operating 

experience. So, for example, it is known [2, 4] that dynamism coefficients for rollers of roller conveyers 
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of rolling mills are very big due to the lack of depreciation and make Kd ≈40 … 50. We will accept for 

the considered case of Kd ≈40. Then in the standard expression 

𝐾𝑑 = 1 + √1 +
2ℎ

𝛿𝑠𝑡
     (1) 

it is possible to discard both units, and Kd
2≈402≈1600. So, 2h/δst≈1600. This option corresponds to lack 

of depreciation. If depreciation is carried out by the buffer adapter, then δst has to increase up to δst
′  

value: 

δst
´ = δst + δa     (2) 

where δa – shock-absorber draft. 

δstand δa  values can be found with an accuracy sufficient for quality standard. For definition of δst it 

is possible to consider that it is a roll depth of camber length of l and average diameter of d from action 

of the concentrated force of Pst (the peal weight share falling on one roller of the roller conveyer). Then 

δst =
Pst∙l3

48EIx
      (3) 

where E =2·105 MPa – the normal module of elasticity for material of a roller (steel); Ix – axial moment 

of inertia of lateral section of a roller. It can be found approximately (if to replace a conic roller 

equivalent cylindrical) as Ix=πd4/64≈0,05d4. 

Static draft of the δа  adapter can be found as reduction of height of the adapter h at action of force 

of Pst / 2 on it: 

δа1 =
Pst∙h

2Ek1∙F1
      (4) 

where Ek1 – the constructive module of elasticity for adapter material (with limited cross deformation). 

The rated scheme of the adapter buffer is shown in figure 2. 

Eк1 = Ec(1 + χФ1
2)     (5) 

Ф =
F

Fb
=

πd2

4πdh
=

d

4h
    (6) 

where χ – coefficient of fixing of end faces of UE; Ф – UE form coefficient; The Ec – the module of 

elasticity of elastomer at compression; Fb1=64 sm2 – the area of a free side surface of UE (shock-absorber 

end faces with sizes 16×2 of cm are conditionally free. Actually shock-absorber end faces in the accepted 

rated scheme free aren't, but allow overflowing of material from the lower half ring in upper); F1 – the 

area of cross section of UE: 

F1=а·b=16·42=672 sm2    (7) 

a=160 mm=16 sm    (8) 

b = Dsr =
D0+D

2
=

440+400

2
= 420mm = 42sm (9) 

In the reviewed example Adiprene L 167 ShA 95 polyurethane with the Ec =45 MPa was applied. In the 

absence of gluing and lubricant it is possible to accept χ=0.8. Then 

Ф1 =
672

64
= 10.5     (10) 

Ek1 = Ec(1 + χФ1
2) = Ec(1 + 0.8 ∙ 10.52) = 89 ∙ Ec    (11) 

Ек1=45∙89=4000MPa     (12) 
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However the greatest possible module can't be more, than the volume module of elasticity Ky, i.e. ЕкКv. 

The volume module of elasticity for polyurethane makes 3200 MPa [2, 4]. Therefore for the considered 

UE it is necessary to accept Ek1=3200 of MPa. 

Assessment of ability of this shock-absorber to perform function of the buffer gear, i.e. to reduce 

parasitic loadings at power influences is given below. Assessment of the relation of st/а1 is carried out 

as follows: 

δst

δa1
=

Pstl3∙2Ek1∙F1

48EIx∙Pst∙h
=

Ek1∙F1∙l3

24EIx∙h
= 4.55           (13) 

 

Figure 2. Rated scheme of the adapter buffer (option 1) 

 

Return relation δa1/δst =0.222. 

Relation of coefficients of dynamism 

Kd

Kd
′ =

√
2h

δst

√
2h

δst
′

= √
δst

′

δst
= √

δst(1+0,222)

δst
= 1.1                           (14) 

Thus, it is possible to consider that the installed adapter has also some effect of the buffer, i.e. reduces 

loadings of shock character approximately by 10%. However at installation of the adapter it was 

necessary to pass to the bearing of smaller diameter (400 mm instead of 440 mm). This bearing has 

dynamic loading capacity, for 25% smaller. If the effect of the buffer gear is Кd/К´
d>1.25, then the 

resource of the bearing will increase. 

Use of polyurethane of smaller rigidity practically doesn't give effect because the adapter works in 

the conditions of comprehensive compression; means, Ek≈3200 of MPa will remain invariable for all 

polyurethane. But if to provide emptiness in an adapter body, then the F will change, so, and Ek. For 

example, the adapter can be executed from rings of the trapezoidal section (figure 3). Then form 

coefficient for an element from two rings 

F2 = 2 ∙ 0,4 ∙ a ∙ b = 0,8 ∙ 42 ∙ 16 = 538см2        (15) 

Fb2 = 4δDsr = 4 ∙ 2 ∙ 42 = 336см2          (16) 

Ф2 =
538

336
= 1.6       (17) 

Ek2 = Ec(1 + χФ2
2) = 45(1 + 0,8 ∙ 1,62) = 137MPa    (18) 
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Figure 3. Rated scheme of the buffer adapter (option 2) 

Relation δst/δa2 =4.55∙137/3200=0.195. 

Return relation δа2/δst =1/0.195=5.13. 

Change of coefficient of dynamism of Kd/K´´
d =2.48, i.e. maximum loads decrease almost by 2.5 times. 

It much will increase a resource of bearings. 

In this option the shock-absorber, except function of the adapter, performs also function of the buffer as 

significantly reduces values of the arising loadings. At the same time the functional durability of all 

parts of a roller increases; the coefficient of dynamism and, respectively, value of the maximum force 

decreases. The relation of functional durabilities in two options makes 

nф2

nф1
=

P∗∙Pmax1

Pmax2∙P∗ =
Pst∙Kd

′

Pst∙Kd
′′ =

Kd∙2,48

Kd∙1,1
= 2.25  (19) 

i.e. the functional durability of all parts of a node of a roller increased by 2.25 times. 

3. Conclusions 
The reviewed example shows a possibility of essential increase in functional durability of a node of a 

roller of the roller conveyer due to the rational choice of parameters of the small-size shock-absorber. 

The calculation procedure and the choice of critical parameters of elastic elements of small-size buffers 

adapters is offered. Results of calculations were checked by implementation in a work practice of plate 

workshop 3000 (the conic roller conveyer, 20 support of rollers before and after a draft cage of KV-1, 

bearings No. 23248) and a continuous broadband camp of 1700 (the receiving roller conveyer, 4 support 

of rollers, bearings No. 2097148) of PJSC MMK of Ilyich. The resource of bearings after 

implementation of shock-absorbers was increased up to 22 months that is confirmed with acts of 

implementation. 

The research is executed with financial support of Fund of assistance to development of small forms 

of the enterprises in the scientific and technical sphere. 

The research was partially supported by FASIE. The authors declare that there is no conflict of 

interest regarding the publication of this paper. 

4. References 
[1] Mazur V, Artyukh V, Artyukh G and Takadzhi M 2012 Current Views on the Detailed Design of 

Heavily Loaded Components for Rolling Mills Engineering Designer 37 pp 26–29 

[2] Artyukh V 2015 Osnovy zashchity metallurgicheskikh mashin ot polomok (Mariupol, Izdat. 

gruppa «Universitet») p 288 

[3] Nabeel S, Gharaibeh, Mohammed I, Matarneh and Artyukh V 2014 Loading Decrease in 



6

1234567890

EMMFT 2017 IOP Publishing

IOP Conf. Series: Earth and Environmental Science 90 (2017) 012228    doi   :10.1088/1755-1315/90/1/012228

Metallurgical Machines Research Journal of Applied Sciences Engineering and Technology 

8(12) pp 1461–1464 

[4] Artyukh V 2008 Nagruzki i peregruzki v metallurgicheskikh mashinakh (Mariupol, PGTU) p 246 

[5] Mohammed I, Matarneh, Nabeel S, Gharaibeh and Artyukh V 2015 Effectiveness of Flexible Pin 

Type Couplings IJESIT 4 рp 1–7 

[6] Sorochan E, Artiukh V, Melnikov B and Raimberdiyev T 2016 Mathematical Model of Plates 

and Strips Rolling for Calculation of Energy Power Parameters and Dynamic Loads MATEC 

Web of Conferences 73 04009 

[7] Artiukh V, Raimberdiyev T and Mazur V 2016 Use of CAE-Systems at Evaluation of Shock 

Absorbers for Metallurgical Equipment MATEC Web of Conferences 53 01039 

[8] Firas M F, Al-Quran, Matarneh M.E. and Artukh V 2012 Choice of Elastomeric Material for 

Buffer Devices of Metallurgical Equipment Research Journal of Applied Sciences 

Engineering and Technology 4(11) pp 1585–1589 

[9] Artiukh V, Karlushin S Yu and Sorochan E N 2015 Peculiarities of Mechanical Characteristics 

of Contemporary Polyurethane Elastomers Procedia Engineering 117 pp 938–944 

[10] Mazur V, Artiukh V and Matarneh M I 2016 Horizontal Force During Rolling as Indicator of 

Rolling Technology and Technical Conditions of Main Rolling Equipment Procedia 

Engineering 165 pp 1722–1730 

[11] Artiukh V, Mazur V and Adamtsevich 2017 A Priority Influence of Horizontal Forces at Rolling 

on Operation of Main Sheet Rolling Equipment MATEC Web of Conferences 106 04001. 

[12] Artiukh V, Mazur V and Shilova L 2017 Device for Making Horizontal Wedge Thrust of Rolling 

Stand MATEC Web of Conferences 106 03002 


