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OPTIMIZATION OF MINE HOIST 
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Summary: Cage rope attachments are important part of mine hosting systems and their maintenance is necessary in a mining facility. In this paper the mine hoist rope attachment assembly from Coal Mine Zenica, excavation “Raspotocje”, is considered and investigated. The original design dimensions of rope attachment assembly parts are altered in order to reduce weight whilst satisfying all design and safety criteria. Different design scenarios of rope attachments parts are analysed by FEM software and as a result of the investigation the improved design of rope attachment assembly is proposed.  
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1. INTRODUCTION

Mine hosting systems, installed in mining facilities, have a vital function of connecting underground production systems and surface material processing systems. That arise a need for their continual operation, on which depends the achievement of planed production and economical work of a mining operation. An important part of a mine hoist is an attachments assembly between a rope and a cage, and a periodical inspection and replacement of the assembly parts is required by their maintenance plan. In this paper design alternations, which provide weight reductions, of two critical parts of the attachment assembly are considered using FEM analysis. The investigated design alternations does not impair the altered parts compatibility with other attachment assembly parts with original designs.
2. ROPE ATTACHMENT ASSEMBLY 
A rope attachment is defined as connecting parts between a rope and a cage or a skip [1]. Fig. 1 shows the rope attachment assembly (photo and 3D model) from Coal Mine Zenica, excavation “Raspotočje” [2] considered in this paper. The rope is connected with hearth‑shaped plate (pos. 7) using rope clumps. Load is carried by means of parts that are interconnected using bolts secured with split pins. The rope attachment parts are made of standard structural steel, S355 (Č.0562), with ultimate tensile strength Rm = 470-630 MPa [1]. 
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Fig. 1 Rope attachment assembly.

The analytical approach in design [2] recommends the parts of attachment assembly should have at least factor safety of ten, regarding the material ultimate tensile strength and average tensile stresses. The maximum static force used in the calculation is calculated as the sum of weights from cage (skip), rope and wagons with material. Also, all the parts of the attachment assembly must be tested with 3‑times larger load than the nominal, where no ruptures or permanent deformations should occur [2].

The maximum static load calculated for the investigated rope attachment assembly is F = 212 kN [3,4]. This result is also confirmed with measurements on location and in operation of the mine hoist. The measurements are conducted using strain gage (type HBM LY 11-10/120) positioned on the lifting plate 1 (see photo from fig. 1) which signals are acquired and analysed with Spider 8 HBM system [4][4]. The load force is calculated from the measured strains (stresses) assuming a uniform stress distribution. The results of the measurement, for an ascending and descending phase of mine hoist operation are shown in fig. 2. The maximal measured force value is about 200 kN, 6% lower than the calculated one. 
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Fig. 2 Measurement results of rope attachment assembly load.

3. LIFTING PLATES
Fig. 3 shows the analysed parts from the mine hoist rope attachment assembly, two lifting plates, 1 and 2, with theirs original dimensions. There are two lifting plate 1 and four lifting plates 2, so assuming the symmetrical load distribution, the each plate 1 take ½ and each plate 2 takes ¼ of the calculated assembly load F = 212 kN.  
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Fig. 3 Lifting plates dimensions and loads.
The design alternations of the analysed parts are illustrated in fig. 4. The alternations aim is to reduce size and weight of the original design whilst maintaining compatibility with the assembly. It is done by making a fillet on the lifting plate ends and a connecting neck between the part portions with rectangular and circular holes. The neck is defined and analysed in different dimensions, varying from 130 to 180 mm, with 10 mm step.

[image: image6.png]front fillet

J

|
| 061
/

\\

|
"_uc_Er_
|
|

N 081 = y
\





Fig. 4 Design alternations of the lifting plates.

4. FEM ANALYSIS

The FEM analysis is done using commercial CAD software Solidworks 2014, and its Simulation Premium package [5]. Only segments of the parts (shaded segments in fig. 3) are modelled and analysed, because of the part symmetries and uniform stress distributions that can be assumed on cross sections over the rectangular hole segments. The applied boundary conditions and load are shown in fig. 5. The load (1/2 of the force acting on the part) is modelled as a bearing load acting on a half of inner hole surface with sinusoidal distribution. FEM models with original design dimensions, fillet and neck are modelled using 3D elements with the basic size of 5 mm. The models with different neck dimensions are analysed using Solidworks design scenario option, where different scenario variables were neck dimensions. The result of FEM analysis (von Mises stress distribution) for two characteristic designs of the lifting plate 1, the original one, and the design with maximum size reduction (minimum neck height of 130 mm) are shown in fig. 6.
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Fig. 5 FEM model boundary conditions and load.
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Fig. 6 FEM results for two design alternation of lifting plate 1
(original and with maximum size reduction).
The results of the FEM simulations were also gathered by sensors for stress placed on four characteristic cross section (indicated as 1-1, 2-2, 3-3, 4-4 in a fig. 5). The sensors registered the maximum and the average von Misses stresses on the cross sections (except the section 4-4 where a sensor for the maximum stress was not placed because of the uniform stress distribution). Also, a sensor for maximum stress in a whole model was used. The sensors’ output was used to make more comprehensive comparison between different designs of the lifting plates, as it is shown in fig. 7.
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Fig. 7 FEM results.
The maximum average von misses stress is 16 MPa, registered on the section 4-4 of the lifting plate 1. This result in agreement with the average tension stress that could be calculated as 
[image: image11.wmf]s

×

===

××

3

/221210/2

15,5 MPa

262,555

F

A

.  


Average stresses are well below the allowed stress limit σall =55 MPa, according to the available design criteria in literature [1], for the parts material average ultimate tensile strength Rm = 550 MPa and factor of safety S = 10. 

Maximum von mises stress results shows that design alternations did not cause significant increase of the stresses, comparing with the original design, maximum around 10%. The maximum registered von mises stress is 67 MPa, which provides high factor of safety, regarding the parts material (S355) yield, ReH = 335 MPa (S = 5), or ultimate tensile strength, Rm = 550 MPa (S = 8,2).
Based on the FEM results analysis, the design alternations with maximal size reduction (fig. 4) can be proposed as the design optimization for the lifting plates. The fillet features on the other ends (here not investigated with FEM) of the lifting plates could be added to the proposed design because it is expected that would have similar effect on the stresses in the lifting plates.
5. CONCLUSION 

The results of FEM analysis of the lifting plates design alternations shows that the parts weight can be reduced without significant increase of the parts stresses. This alternations are fillets on the parts ends with 100 mm radii and connecting neck of 130 mm height. Their implementation provide weight reduction of 8,2 kg (10,5%) for lifting plate 1 and of  6,6 kg (8,7%) for lifting plate 2.
REFERENCES
[1] EN 10025-2:2004, Hot Rolled Products of Structural Steels – Part 2: Technical Delivery Conditions for Non-alloy Structural Steels, European Committee for Standardization
[2] Pravilnik o tehničkim normativima pri prevozu ljudi i materijala oknima rudnika –Tehnički propisi, Rudarstvo, Beograd, 1986, pp.490-526.

[3] Projektno tehnička dokumentacija Rudnika mrkog uglja u Zenici – pogon “Raspotočje”.

[4] Hadžalić M. (2010). Prilog  definisanju  proračuna  pogona  dizanja  izvoznih  postrojenja, Master Thesis, Faculty of Mechanical Engineering, University of Zenica.
[5] SolidWorks 2014, Dassault Systèmes (www.solidworks.com)
LOGO WILL BE HERE








� Mr. sc. Mustafa Hadžalić, Zenica, Institute “Kemal Kapetanović” Zenica, (mustafa.hadzalic@yahoo.com)


� Dr. sc. Josip Kačmarčik, Zenica, Faculty of Mechanical Engineering Zenica (kjosip@mf.unze.ba)


3 Dr. sc. Alma Žiga, Visoko, Faculty of Mechanical Engineering Zenica (aziga@mf.unze.ba)





4
5

_1552888391.unknown

