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Abstract

We discuss the analysis of capacitated multi-echelon, multi-indenture repairable item models. These models are briefly described as follows. We consider a set of, not necessarily identical, complex installations which are composed from a number of (again not identical) units. Each unit in turn may be regarded as an assembly, i.e. composed of various subassemblies. Units may fail which may influence the availability of the installation it belongs to. We assume that, in case of a failure, it is possible to identify one unique subassembly which has caused the failure and should be replaced.

In principle, there is limited repair capacity at each installation site (called a base), capable to handle the more common (and less complex) repairs, provided that the right subassemblies are available as spares at the base. In this case, the failed assembly is replaced by a new one, and the unit is assembled again. The failed subassembly may be repaired at the base or, in case the repair is too complex, it may be sent to a central repair facility while at the same time a new subassembly is requested from a central depot (close to the central repair facility) to replenish the stock of spare subassemblies at the base.

Alternatively, it may happen that the disassembly is already too complex and the complete unit is replaced by a spare unit, while the failed unit is sent to the central repair facility. In that case, at the same time a new unit is requested from a central depot to replenish the stock of spare units at the base. 

Next, consider what happens at the central repair facility. Any arriving, failed, subassembly will be repaired eventually and next be sent to the central depot, to be stored as a ready-for-use subassembly. If a complete failed unit arrives, it will be dismantled. The failing subassembly will be detected and replaced by a new one from the central depot, after which the unit will be assembled again and sent to the depot, to be stored as a ready-for-use unit. The failed subassembly finally will be repaired and next sent to the depot, to be stored as well. Hence, note that repair requests for subassemblies at the central repair facilities may arrive in two ways, either from the bases or from the unit repairs at the central facility itself. 

The model above is known as the two-echelon, two-indenture model and has been analyzed initially by Sherbrooke. The resulting policies are known under the name METRIC (Multi Echelon Technique for Recoverable Item Control) and various successors. A severe limitation of the model is the assumption of Poisson input and unlimited repair capacity at both the bases and the central repair facility. Several authors have suggested formulations to overcome these deficiencies. In our presentation, we discuss the capacitated version of the two-echelon, two-indenture repairable item model and show that, under some additional assumptions, it bears a strong resemblance with Generalized Kanban Systems as introduced by Buzacott, subject to rather complex routing constraints. In addition, several properties resemble characteristics of an open fork join queuing system which are generally hard to solve. Based on the special properties of METRIC type models, we discuss approximate analytical models, based on a combination of synchronization queue analysis in Generalized Kanban systems, as proposed by Dallery, Di Mascolo et al., and Matrix-geometric methods, as introduced by Neuts, for these models.

Finally, we discuss additional complications that arise if some units or subassemblies appear to be irrepairable, leading to additional purchases. In particular, we show how to deal with decreasing budgets available for purchasing new items.

The work discussed here is carried out as part of a long lasting co-operation with a major dockyard of the Royal Netherlands Navy, located in the north of Holland. The bases actually represent ships from various ship classes, whereas the central depot as well as the central repair facility indicate the corresponding facilities at the dockyard.

