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a  b  s  t  r  a  c  t

Maintenance  data  and  information  processing  is an essential  and  important  problem  in  collaborative  vir-
tual  maintenance  of  complex  equipments.  Significant  research  has been  done  in  this  paper  to  provide  an
efficient  approach  to  performing  the  data  and  information  processing  of collaborative  virtual  disassembly
and  assembly  operations.  Assembly  oriented  mathematical  model  of  collaborative  virtual  maintenance
operation  process  is presented  with  the behavior  representation  and  information  description  of  each
component  in  an  assembly  based  on  single  object  oriented  modeling  of  collaborative  maintenance  oper-
ation as  well  as assembly  oriented  modeling  of disassembly  and  assembly  operations.  Assembly  oriented
control  algorithms  of  disassembly  and  assembly  operations  in  collaborative  virtual  maintenance  process
are also  designed  to perform  the  required  data  and  information  processing.  With  the  object  information
template  based  on  Extensible  Markup  Language,  proposed  mathematical  models  and  control  algorithms
are  utilized  in  a technical  experiment  system  with  high  reliability  and  efficiency.  Experimental  imple-
mentation  has  been  done  to  find  appropriate  and  efficient  mathematical  models  and  control  algorithms
can  support  effectively  the  data  and  information  processing  of  collaborative  virtual  disassembly  and
assembly  operations  of  complex  products.  Methodologies  developed  in  this  paper  extend  the  previous
work  on  mathematical  modeling  and  information  processing  complexity,  and improve  the  reliability  and
efficiency  of  required  data  and  information  processing  in  collaborative  virtual  maintenance  process.
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1. Introduction

Collaborative virtual maintenance (CVM) that developed mainly
based on virtual maintenance (VM) [1,2] and computer sup-
ported cooperative work (CSCW) [3–6] provides an appropriate
and efficient approach to collaborative maintenance training of the
large-scale and complex equipment. The studies on key techniques
of CVM and the developments of training systems are gradually
concerned by many researchers [7–13]. However, the research
fields and contents involved in CVM are quite extensive and compli-
cated, and the related supporting technologies and the application
developments need to be studied further. As CVM mainly focuses on
the requirements of collaborative maintenance operation training
of multi operators in the different workstations of complex equip-
ments [8,10], one of the essential parts is the efficient mathematical
model and control algorithm of collaborative maintenance opera-
tion process (CMOP) including disassembling, replacing/repairing,
assembling of the separated parts and components of an integrated
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assembly. However, there still are some deficiencies in the existing
researches:

1 Present VM mostly focuses on the disassembly and assembly pro-
cess of an assembly as well as the corresponding analysis and
simulation [14–18]. However, the collaborative relationships of
required maintenance operators and resources are considered
scarcely when performing the disassembly or assembly opera-
tions of the parts and components in sequence. So the relevant
mathematical models and control algorithms in VM can not rep-
resent all the required factors of the real maintenance operation
process of complex equipment, which restricts the maintenance
operation planning, maintenance training and design, maintain-
ability analysis and forth.

2 Although the collaborative relationships of required mainte-
nance factors such as maintenance objects, operators, resources
and operation information have been taken into consideration
in the mathematical modeling of CVM operation process, the
supporting techniques and effective methods for the operation
process of CVM need further studies. Especially the efficient con-
trol algorithm and management method of collaborative virtual
disassembly and assembly processes of the complex assemblies.
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Fig. 1. Hierarchical structure of complex equipment.

3 The collaborative maintenance operation model (CMOM) of
single component proposed in [10] takes the synchronous col-
laboration (SC) and asynchronous collaboration (AC) modes of
required operators and resources into consideration, but there
are many separated parts and components in an assembly. There-
fore, for the efficient control and management methods of CVM
operation process of an assembly, the entire disassembly and
assembly sequences of all separated parts and components as
well as the relevant operation information need to be considered
equally.

Bearing the above observations in mind, the assembly oriented
modeling, control algorithm and management method of disassem-
bly and assembly operation processes in CVM are studied further
based on CMOM of single component. For the development of prac-
tical application system, maintenance information processing is
the most important link in utilizing the underlying models (logical,
mathematical or physical etc.) to simulate and represent the actual
maintenance process. In order to actualize the control and manage-
ment of disassembly and assembly operation processes in CVM,
the relevant mathematical models and information processing
algorithms of CMOP should be analyzed, studied and established
by taking the various factors of real maintenance operation pro-
cess and their interrelated collaboration into full consideration. As
CMOP is the organized combination of disassembly and assembly
operations of the parts and components, the CMOP of single com-
ponent as well as the disassembly and assembly processes of multi
separated components of the assembly should be considered and
analyzed in the mathematical modeling and control algorithms of
CVM operation process.

The objective of this paper is to develop appropriate and effi-
cient mathematical models and control algorithms for the data and
information processing of collaborative virtual disassembly and
assembly operations of complex assembles. The rest of this paper
is organized as follows. Single object oriented modeling of col-
laborative maintenance operation, assembly oriented modeling of
disassembly and assembly operation as well as assembly oriented

modeling of CVM operation process are analyzed and described in
Section 2. Based on the assembly oriented operation process model
of CVM, in order to perform the data and information processing
of the assemblies, the control algorithms of the disassembly and
assembly operation process in CVM are proposed in Section 3. The
implementation details of the proposed models and algorithms in
CVM operation process are discussed and presented in Section 4.
Finally, the study is ended with several concluding remarks of our
research work in Section 5.

2. Assembly oriented mathematical model of CVM
operation process

There are large numbers of assemblies in the complex equip-
ment, and each of them is usually composed of parts and
subassemblies. For each of the subassemblies that cannot or need
not be disassembled, it is commonly considered as a separated
component of the assembly. The subassemblies that need be disas-
sembled also include parts and components, so the basic construct
units of an assembly are the separated parts or components. The
composition of complex equipment is shown in Fig. 1(a), and its
hierarchical structure can be described as in Fig. 1(b). According to
the construction features of complex equipment, the hierarchical
structure besides the collaborative operations of multi operators
should be taken into consideration in the maintenance process
of an assembly. After each subassembly has been disassembled
from the parent assembly, the further operation processes of them
need be performed respectively according to the requirements
of collaborative maintenance training. So the assembly oriented
mathematical modeling of CVM operation process needs be ana-
lyzed and performed from parts to assemblies.

2.1. Single object oriented modeling of collaborative maintenance
operation

During the CMOP, the collaborative relationship of multi
operators for a specific maintenance object (a single part or a
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