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Development of a digital twin system in a special transformer production workshop

WANG Dajiang”, ZHANG Xuedongl), SUN Wenlei"™, JIANG Renben”, LU Cheng”, YUE Yuan®

1) School of Intelligent Manufacturing and Modern Industry, Xinjiang University, Urumgqi 830017, China
2) Tebian Electric Apparatus Stock Co. Ltd., Changji 831100, China

M Corresponding author, E-mail: sunwenxj@163.com

ABSTRACT To address the weak real-time control, poor decision-making ability, nonintuitive process monitoring, and unclear
operation situation problems in a special transformer production workshop, a new digital twin system architecture is discussed for the
workshop, focusing on digital twin modeling, knowledge information fusion, operation reliability analysis, and visual representation. The
modeling and expression of the digital twin were based on the “Five dimensions—Four perspectives” engine, where the “Five dimen-
sions” refer to physical entities, virtual objects, twin data, connection mapping, and services and the “ Four perspectives” refer to
geometric, physical, behavioral, and rule models, with high-performance computing power and immersive visualization technology. This
paper describes the method of 3D modeling, data mapping, computing power development, and visual expression for the digital twin. A
deep fusion method between knowledge and digital twin was studied based on the principle of tree growth. This model includes two key
parts. First, a design of the index system having a hierarchical structure based on the principle of tree growth was proposed. Indices were
divided into four levels—workshop, production line, station, and equipment levels—based on the workshop scale, vertically constituting
the main branches of the index tree model. From the perspective of the life cycle of production activities, indices were divided into
planning parameters, process parameters, work order parameters, quality parameters, equipment parameters, and so on. Thus, a complete
index system of the digital twin workshop was established. Furthermore, the photosynthesis and the transport of organic products in the
tree were simulated by formally describing the deep fusion mechanism of knowledge and digital twin in transformer workshops, and

diverse intelligent computing units were built to mine knowledge and identify information from disorganized workshop operation big
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data. Finally, a multilevel and complex model was constructed to integrate the knowledge and digital twin of a special transformer
workshop based on the computation model, and the real-time monitoring and control of the workshop were realized. An operational
reliability analysis model of the digital twin system for special transformer workshops based on composite matter element information
entropy was also proposed, which combines the analytical hierarchy process and the correlation entropy method. A composite matter
element model was systematically built based on the historical operational data of the transformer workshop, which can be used for the
real-time monitoring of the operational reliability and the evolution of any trends in the operational parameters. Thus, a prototype digital
twin system was developed, and its rationality and effectiveness were verified using the special transformer workshop as the application

case. The research results have an outstanding reference for the construction of digital twin systems and the intelligent management of

transformer workshops.

KEY WORDS digital twin; special transformer; construction method; digital workshop; knowledge fusion
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Fig.1 Digital twin system architecture of the special transformer workshop
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Fig.4 Formal modeling principle of the digital twin workshop index system by imitating the growth of tree
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Fig.7 Fusion model of the knowledge information and digital twin in special transformer workshop
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Table 2 Information entropy weight of the composite matter element

Index Subjf':ctive Correla'tion er}}ropy Comprehensive
weight weight w weight w

M 14.028 8.572 11.98
S, 6.245 8.765 5.45
S3 10.95 7.499 8.18
Sy 12.481 13.081 16.27
Ss 9.394 27.682 2591
Ss 7.819 6.513 5.07
S, 9.391 6.881 6.44
Sg 12.485 6.513 8.1

So 9.388 8.364 7.82
NS 7.819 6.129 4.71
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Fig.8 Digital twin system of the special transformer workshop
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