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Summary: Starting with significance of maintenance function and necessity to execute specific maintenance tasks, in this paper is pointed that early integration of all phases of a technical system lifecycle is necessary. Emphasized is priceless value of ascertainment that it is necessary to have an overall perception of technical system lifecycle, from the user’s initial demand, over general design, development, fabrication, delivery, exploitation and maintenance, all the way to withdrawal from operations, depreciation and recycling. Next is presented design for maintenance approach, which originated together with lifecycle engineering, whose introduction changed entire philosophy of usage and maintenance of technical systems. New paradigm of technical systems usage and maintenance is: now days, efficient are considered not those systems that effectively fulfill their goal function, but those with lifecycle ending safely.
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1. INTRODUCTION
Bucket wheel excavators (BWE) and spreaders, Fig. 1, are the core of the EBS (Excavator-Band-Spreader) systems. Because of structure complexity and specific task of its maintenance, BWEs and spreaders, as a fundamental parts of the open pits technological equipment, are usually named as excavation units [1]. Common denominators to all failure of mentioned high-capacity machines are very high financial losses and serious risks to the worker’s safety and life [2,3]. Financial losses caused by production delays due to the principal machine failure in a surface mining system often significantly exceed the financial losses caused by direct material damage. The size of the negative economic effects caused by failures is remarkably revealed in the fact that the total cost of failure in USA and Europe is of order of 4% of GNP [4].
2. MAINTENANCE FUNCTION

Literature gives maintenance definitions that differ from each other as well in including activities that fall into maintenance domain as in treating maintenance organization within company (subsystem integral part within business system, business system function, service industry of approved and narrowly specialized company). Although maintenance of technical systems could be defined in different ways, the most commonly this term implicates “practicing of all necessary measures for one machine, facility or entire factory to be functional in proper manner, developing results within reference boundaries i.e. with required performances and quality, without dismissals and along with regulated environment protection and under assumption that all conditions are well secured anent by necessary logistic support” [5]. 
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Fig. 1 BWE SRs 1200 and spreader ARs 1800/(14+33+60)x20 in the open pit mine Kolubara (“Field B”) – Serbia 
3. MAINTENANCE TASK AND ENGINEERING OF LIFE-CYCLE
Need for performing specific tasks of technical system i.e. functionality that user must maintain, represents entrance into maintenance task, and successful task performing represents way out from maintenance task [6], Fig. 2.
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Fig. 2 Maintenance task [1]
Necessity for very early integration (user request specification, designing) of all life-cycle stages of technical system was indicated by following related disciplines: life-cycle engineering [7], competitive engineering [8] and industrial engineering [9]. Of priceless significance is acknowledgement that spotted technical system was observed through its entire life-cycle, from user request to usage retirement, disusing and recycling. However, maintenance is often observed isolated, more or less independent of other stages in technical systems life-cycle. It specially concerns developing activities which are not corresponding enough to maintenance requirements. Prevailing opinion is that maintenance has no connections with development (designing, construction), i.e. that designer does not have to be concerned about maintenance and that it is system users care, Fig. 3. Consequences of this attitude are much uttered problems in maintenance of technical systems which considerable decreases its total effectiveness. For example, because of very unsuitable designing solution, bearing change on BW shaft of excavator SchRs 350 requires minimum of 7 days [10].
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Fig. 3 Designing and exploitation of excavator units as isolated processes [1]
Exploitation with maintenance and usage retirement, as inevitable stages of life-cycle, are significantly important for excavator units, especially in case of multi decennium exploitation. Fig. 4. Thereat it especially stands out necessity and delicacy of diagnostic and functionality as well as justification of revitalization. Rotary excavators are designed to operate nominally 25 to 30 years. Revitalization and modernization of rotary excavators on open pit mines RB Kolubara and TE-KO Kostolac (Serbia), along with Kolubara Metal as holder of these projects, enable prolonging their exploitation for another 25 years. 
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Fig. 4 Age and capacity structure of BWEs in open pits “Kolubara” and “Kostolac” (Serbia): 1-SchRs 300; 2- SchRs 350; 3,5,8,10,11-SRs 1200; 4-SRs 1201; 6,7,9,12,20-SRs 470; 13,17,25,29,30-SchRs 630; 14-SchRs 900;15-SH 630; 16-SRs 1301; 18,27,28-SRs 2000; 19-SRs 400; 21-SchRs C700s; 22,23-SRs 1300; 24-SchRs 1760; 26-SchRs 800; 31-SchRs 1600 [9]
4. DESIGNING FOR MAINTENANCE
With occurance of competitive engineering and life-cycle engineering in few last years, entire philosophy has been changed within domain of utilization and maintenance of technical systems. Now not only systems which effectively perform function of cause are considered to be efficient but also systems which life-cycle was accomplished safely. Safety issues of system, operator and environment possible is, among other, being solved through fulfillment of international quality standards, environment, security, safety at work [5].

When it’s about excavator units, life-cycle engineering philosophy assumes integrated approach, Fig. 5, meaning, cooperative work of designers, manufacturers, users and preservers of excavator units [1]. Thereat it is good to have in mind that users of excavator units are not only open pit mines but also organisations that are involved in maintaining. Success criterions of cooperative work are exploitation with fewer dismissals, halts and operating without breakdowns. At the same time that is also criterion of excavator units’ buyers’ gain. Therefore, such modern, contemporary approach enables achievement of following basic users` requirements:

· Great unit capacity;

· Small unit mass;

· Exploitation of 24 hours per day (Including holidays);

· Approachment of exploitation performances to designed (theoretical) performances;

· Degree of usage within limits of 0.8÷ 0.9;
· More plentiful usage of existing recourses for exploitation support (concomitant equipment, maintenance, trained manpower, spare parts, technical documentation);

· Simpler maintenance and realization of overhauling (investment) maintenance for 20 days, instead of usual 30 days.
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Fig. 5 Design and exploitation integrated with maintenance of excavator units [1]
Significance of introducing requests related to maintenance into restrictions during designing is persuasively testified as well as participation of maintenance within life-cycle of BWE, Fig. 6. Namely, when it is about BWE it is necessary:

· 2 years for conceptual and preliminary designing;
· 1 year for detailed designing;
· 2 years for manufacturing, delivery and launching;
· 30 years for exploitation until revitalization;
· 1 year for revitalization;
· 20 to 25 years for exploitation after revitalization;
· 0.5 to 1 year for usage retirement.
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Fig. 6 Duration of life-cycle stages of BWE
5. CONCLUSION

In general, life-cycle engineering concept, which requires early usage process consideration as well as maintenance of excavator units, shapes needs, requirements and priorities of user in stage of designing which results with higher level of project quality and operative efficiency of excavator units. Just therefore it is necessary to use new approach to design named serviceable designing [5]. Future lies in option that resources from next stages of excavator units` life-cycle work not when they are necessary (during usage and maintenance) but within designing stage.
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