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Abstract

Product disassembly plays an important role in the sustainable manufacturing, and it is usually the first step in remanufacturing 
process, which determines the efficiency and capability of remanufacturing. Industrial robot (IR) as an intelligent manufacturing 
equipment to increase the productivity and reduce energy consumption (EC), has been applied to semi-automated product 
disassembly, and the thing that matters is studying and modeling of manufacturing capability for robotic disassembly in 
remanufacturing. In this paper, the IR disassembly capability is modeled dynamically using OWL, based on the mapping relation 
which associating the disassembly capability attributes and the real-time data. Furthermore, a method of association rules mining 
(ARM) based on bees algorithm (BA) is proposed to mine the association relationships from the data of disassembly processes.
The effectiveness of the proposed modeling method is validated by a case study, and the results show that the dynamic modeling 
method could efficiently reflect the current state and dynamic capability of IRs during product disassembly process in 
remanufacturing.
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1. Introduction

In order to deal with the challenge of resource shortage and environmental pollution, the concept of sustainable 
manufacturing and remanufacturing is put forward in the academic and industrial circles. Product disassembly is not 
only an essential part of sustainable manufacturing, but usually the first step in the remanufacturing process, and it
will affect the various aspects of remanufacturing in [1,2]. Product disassembly is needed not only for end-of-life 
purposes, but also for product service and maintenance during product useful life in [1]. With emergence of the 
concept of man-machine cooperation, human-robot disassembly has become the focus of attention. However, there 
are lots of challenges on the human-robot disassembly currently and manual disassembly is limited. At present, 
industrial robots can be used in product disassembly to achieve semi-automated intelligent production, thereby 
enhancing the efficiency of disassembly, reducing operation cost, decreasing the energy consumption, optimizing the 
cycle time,  increasing the flexibility, etc.

In the IR disassembly process, on one hand, the running state of IR should be monitored, and on the other hand, 
the on-demand task sequence should be planned. Therefore, it is necessary to analyze and research the disassembly 
capability of the industrial robot and to develop the digital model of manufacturing capability for robotic 
disassembly in remanufacturing.

This paper is organized as follows. Section 2 gives the relevant research on  industrial robot and disassembly. 
Section 3 presents an ontology model of industrial robot disassembly capability.In this part, it is divided into three 
steps. Firstly, the multidimensional data model of IR in disassembly process is proposed. In the next step, a method 
of ARM based on bees algorithm is presented. Finally, there is an ontology model of IR disassembly capability 
based on the association rules. In section 4, combining with a case study, the developed method is verified and 
analyzed by a prototype system. Finally, a conclusion and outlook to further work will be given.

2. Related work

The manufacturing capability of industrial robots is realized through actuators, sensors, computers and other 
auxiliary facilities, which is able to complete welding, spraying, disassembly and other tasks coordinately and 
efficiently in [3]. The factors that affect the manufacturing capability of the robot in different processing tasks are 
different, for example, payload plays a crucial role in the process of mixing, cutting and assembly in [4]. The core 
ontology in the field of industrial robot is proposed by literature in [5], which can describe and share the knowledge 
of the robot. An ontology model of multi-robot system is presented by using the ontology technology, to describe 
the manufacturing capability of IR and the tasks that are executed in [6].

At present, the academic circles begin to pay attention to the sustainable manufacturing capability of industrial 
robots, so that the research on the dynamics and kinematics of the energy consumption of robotic system has 
become a hot spot. In [7], it designs a comprehensive experimental, using periodic excitation signal, to predict each 
join torque of IR and realizes the dynamic model identification. In [8], it proposes a general hybrid model of energy 
consumption, which analyzes the relationship between operation state and energy consumption. It analyzes the 
influence factors of the energy consumption of IR through the research on the speed, acceleration, load, brake 
control and trajectory of the robot body, and the corresponding optimization measures are given in [9,10,11].
Paryanto et al. study energy consumption and dynamic behavior of six axis IR in assembly system and analyze the 
electrical parameters and dynamic response of each axis by using the method of combining the simulation and 
experiment in [12].

Disassembly process has two main issues. First, is to determine to which level disassembly should be done;  
second is determining the optimal sequence of disassembly processes in [13]. In [14], a typical stochastic model of 
disassembly time analysis based on the established random disassembly network diagram is proposed, as well as the
different disassembly decision criteria. An efficient and machine readable dynamic disassembly information model 
is presented in [15]. The basic method of intelligent disassembly planning is reviewed in [16]. Feng et al. describe a 
disassembly process information model that contains four key components in [17]. In [18], it presents a reverse 
assembly strategy for disassembly by using a manual and semi-automated method. An ergonomic work system has 
been designed for human-robot cooperation in future production systems in [19]. In [20], it states that the energy 
efficient robot configurations leads to reduce overall energy consumption for assembly. 
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