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Summary: Generaly, there are three basic reasons for the bucket wheel excavators subsystems redesign: (1) better customization of the machine versus operating conditions; (2) easier maintenance and (3) failure of the substructure under consideration. The improved design solutions, outlined in this paper, were developed to satisfy the first and second reason. Namely, an obsolete conception as well as constant perrenial exploitation in heavy duty conditions made it necessary to redesign the excavating device of the bucket wheel excavator SchRs 350. Several characteristic problems which occur during exploitation and maintenance are herein discussed/listed. This paper presents a concept of redesign which includes substitution of the existig spur - geared bucket wheel gearbox with a planetary one and the redesign of the BW body and its connection with the output gearbox shaft. It also shows the results of the comparative load analysis for the original and the redesigned bucket wheel body. Protection of the original bucket wheel drive of the excavator SchRs 1760 was realised by magnetic powder clutches. Because of the relatively high price and also the problems noticed during exploitation (e. g. overheating resulting in fusing of the powder) this study developed a solution design of the bucket wheel drive with fluid couplings. Thanks to the mentioned redesign, partial revitalizations of the bucket wheel excavators are realised, leading to considerable increase of the machine's reliability as well as the reliability of the complete surface mining system, and, additionally, making the maintenance process easier.
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1. INTRODUCTION
Bucket wheel excavators (BWE) present the backbone of the open pit coal mining system. Speaking freely, the above class of machines is built up andaround the bucket wheel (BW), which in turn realizes the basic function of the machine – soil excavation. The design of the BW and its drive determines basic BWE performances – above all, capacity. As stated in [1] „design errors in these areas would be difficult and expensive to correct, if at all, after the machine has been constructed”.

From a historical point of view, BWs have been developed from the cell-type (which was. up untill the mid-1950s, the only BW design type in use), through the half-cell type (introduced in the mid-1960s), to the present cell-less type which became the prefered BW design. 

During almost a century of BW improvement, the BW gearboxes were improved as well.. Thanks to their compactness and relatively small weight, planetary gears pushed out the spur – geared gearboxes, which have been used predominantly until then.

Besides BWs and gearboxes, under permanent improvement are also the concepts of their bearings as well as the design of supporting elements and power transmission parts [2].

The natural tendency to constantly improve the performance of the BWE, especially its capacities, has not been followed by adequate calculation methods and production technology. Good proof of this is the relatively frequent damage of BWE subsystems [3-7]. Regardless of the cause, failures of high performance machines,  of which BWE is one, always lead to very high financial losses [8,9].
Generally, there are three basic reasons for the BWE redesign: (1) better customization of the machine versus operating conditions; (2) easier maintenance and (3) failure of the studied substructure.
This paper will present several BW with drive redesign solutions developed by the University of Belgrade - Faculty of Mechanical Engineering.
2. CASE 1 – BWE SchRs 350
An obsolete conception and constant perrenial exploitation in heavy duty conditions made it necessary to redesign the excavating device of the BWE SchRs 350, Fig. 1(a), which was put into service in 1961 [10]. 

One bedding of the BW shaft (bearing mark 23076K) is placed between BW and gearbox, Fig. 1(b). In order to enable replacement of the mentioned bearing it is necessary to dismantle the complete gearbox, including the output shaft gear, 
Fig. 1(c), which is a relatively long and complex procedure. First of all, the machine should be disburdened by reclining the BW boom, counterweight and discharging boom, Fig. 2(a). The dismantling of the BW gearbox should be done only upon completing the previous. Because of the structure complexity, it is necessary to open the gearbox, Fig. 1(c), and do its succesive dissasembling. Only then is it possible to dismantle the gear from the output shaft, Fig. 1(c). After replacing the bearing , the gear is to be heated before installation, Fig. 2(b). A minimum of 7 days is needed to carry out the above procedure. 

Low reliability, followed by frequently occurring breakdowns, leads to considerable decrease of the BWE exploitation effects. Besides that, it was necessary to do the following: (a) Build in a new BW gearbox of the planetary type, providing axial dissasembling of the BW and its shaft connection; the existing BW drive enables a choice of BW shaft speed among the following values: 6 min-1, 7.5 min-1 and 9 min-1, while the speed of the appropriate planetary gearbox output shaft is 8.2 min-1; 
(b) Redesign and manufacture the new BW, Figs 2(c) and 2(d), with a larger number of buckets: instead of nB = 8 for the original , nB = 10 for the redesigned BW.

Changeability of number of buckets to catch the soil is the main cause of changeability of external load caused by the resistance-to-excavation. The in-house developed software RADBAG [6] was applied for analyzing the external load, Fig. 3, and determining its dynamic characteristics caused by the change in the total number of buckets. Based on the research results, it is conclusive that the redesigned excavating device gives more favorable external loading.

In order to make the substitution of the BW shaft bearing easier and the downtime of the machine and complete system substantially shorter, the connection between the BW gearbox and the BW shaft is redesigned, Fig. 4. 
Finally, the general view of the redesigned BW boom head is shown in Fig. 5.
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Fig. 1 (a) BWE SchRs 350; (b) BW shaft bedding; (c) BW drive dismantling
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Fig. 2 (a) BWE temporary supporting; (b) heating the output gear;
(c) 3D model of the redesigned BW body; (d) BW body FEA 
[image: image9.png]-20

INYILA

-60

-80

-1

2

9o[]



        [image: image10.png]-
@
s s = 3 3
2 8 % 8 3 8
% % 8§ § 7

JwnlL

o[




Fig. 3 External load coordinates
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Fig. 4 Redesigned connection of the BW gearbox and BW shaft
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Fig. 5 Redesigned BW boom head
3. CASE 2 – BWE SchRs 1760
The original solution of the BW drive is shown in Fig. 6. The BW gearbox (5) is driven by two AC motors (1) of 550 kW each, which are connected to the input stages by cardan shafts (2) and overload clutches (3) of the magnetic powder type. Because of the relatively high price of overload clutches and the problems noticed during perennial exploitation (e.g. overheating resulting in fusing of the powder), it was necessary to substitute the above mentioned clutches with fluid couplings. The type of fluid couplings (TE) is determined by the external load characteristics, Fig. 7, which are identified by applying the procedure described in [6]. The nominal fluid coupling size (866) is defined by the motor power and motor shaft nominal number of speed. The drum of the existing double shoe brake is mounted on the output shaft of one of the fluid couplings, Fig. 8. Installation of the fluid couplings in the BW drive increases reliability and enables full machine overload protection.
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Fig. 6 BWE SchRs 1760 : 1 – AC drive motor; 2 - cardan shaft; 3 - magnetic powder clutch; 4 - brake; 5 – BW gearbox; 6 - auxiliary drive motor; 7 - auxiliary drive brake
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Fig. 7 Dependence of the BW torque on the slewing platform position (angle φ)
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Fig. 8 Fluid coupling: (a) without brake; (b) with brake
4. CONCLUSION
The presented concepts of the BWE working devices' redesign eliminate the original design drawbacks which deal with the accessibility and possibility of repair or substitution of the damaged subassemblies as well as with safety against overloading. Besides, they are in full agreement with contemporary BWE excavating device conceptions. Finally, thanks to the presented redesign, partial revitalizations of the bucket wheel excavators were realised, leading to a considerable increase of the machine's reliability as well as the reliability of the complete surface mining system while at the same time making the maintenance process easier.
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