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End-of-life (EoL) electric vehicle (EV) batteries are one of the main fountainheads for recycling rare metal elements
like cobalt and lithium. Disassembly is the first step in carrying out a higher level of recycling and processing of EV
batteries. EV battery knowledge graphs can provide detailed structural information to assist operators in
understanding the layout and composition of batteries. Planning the disassembly sequence using knowledge

graphs can facilitate the robotic disassembly of EV batteries.

electric vehicle battery disassembly sequence planning knowledge graph

| 1. Introduction

In 2012, Google Inc. originally proposed the concept of a knowledge graph in Google’s Chrome browser search
engine to provide users with better search experiences @2 As structured semantic knowledge networks,
knowledge graphs are gaining ever-increasing attention from industry, business, and academia, which offer
relevant support for various scenarios, including intelligent search, technical support, and decision-making systems
Bl In addition, semantic web knowledge bases have been created and used, such as YAGO 4 FREEBASE [,
and DBpedia [©!.

The recycling and reuse of EoL EV batteries have emerged as prominent approaches in recent years. The
remanufacturing of EoL EV batteries has also gained recognition 2. Human—robot collaborative disassembly and
robotic disassembly of EoL EV batteries are more efficient and safer than traditional manual disassembly. The
involvement of robots in disassembly operations can reduce time and save costs B8, Human-robot collaborative

disassembly has become a frontier by combining the advantages of robots and human operators 9,

An assembly information model based on a knowledge graph can facilitate the sharing of assembly process
documentation information and increase the rate of information interaction during the development phase of the
assembly process (11, The advantage of EV battery knowledge graphs lies in the ability to display the first level, or
even the second and third levels, of surrounding nodes intuitively on a graph. These surrounding nodes are
connected to the starting node through relationships. EV battery knowledge graphs can provide detailed structural
information to assist operators in understanding the layout and composition of batteries. In addition, planning the

disassembly sequence using knowledge graphs can facilitate the robotic disassembly of EV batteries.

| 2. Processing Technical Levels of End-of-Life EV Batteries
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Some scholars introduced the battery disassembly and recycling processes in terms of process improvements and
technical levels. Pang Haifeng et al. 12! introduced the situation of lead—acid battery disassembly. The article
pointed out that the disassembly and recycling technology level of lead—acid batteries is low, with high energy
consumption and low metal recovery rates. Techniques referring to cleanliness, refinement, intelligence, and
digitalization need to be improved. Disassembly equipment for the process of crushing and sorting EoL EV
batteries was structured by Kang Fei et al. 13, |t improved the efficiency and digitalization of battery disassembly.
Sonja Rosenberg et al. [14! explored how different disassembly steps affect EV battery disassembly time. The cost
of a disassembly plant was also estimated. Due to the varying design architectures of EV batteries on the market,

the condition and safety of these batteries during recycling remain uncertain.

The market is facing three major problems in EV battery disassembly and recycling 22, Firstly, manufacturers
produce batteries with various models and parameters. Secondly, in complicated disassembly tasks, the
disassembly sequence becomes confusing, leading to low efficiency. Finally, manual disassembly has potential
health and safety risks. Criteria were established for the EoL EV batteries and various options were highlighted for
handling these batteries 1€, The concept of a second life for EV batteries was introduced and several key
technologies related to EV batteries were identified to accelerate the large-scale industrialization of second-life

batteries. Artificial intelligence and Big Data technologies showed promise in second-life batteries.

| 3. Robotic Disassembly of EV Batteries

Researchers proposed innovative equipment and automation methods for the complex processes of battery
disassembly. Ren Wei et al. 4 introduced a robotic disassembly and motion planning system for EV batteries.
Experiments were conducted on a robot simulation platform with and without obstacles. The experimental results
demonstrated that the system was capable of independently planning and completing a task in dynamic
environment. The utilization of telerobotic technology to explore a semi-robotic disassembly approach was
proposed by Jamie Hathaway et al. (18, These researchers assessed the success rate and completion time of
telerobotic technology in tasks such as disassembling bolts, grasping, and removing cover plates. The results
showed a significant reduction in the overall disassembly time. However, the effect of the different levels of

expertise of operators was not considered.

A disassembly planning system was constructed by defining disassembly primitives and introducing neural
predictions. The intelligent disassembly of EV batteries was employed by deploying robots 19, The utilization of
industrial robots for battery dismantling was explored . The disassembly process was analyzed, and the
operation was divided into clamping and cutting. Robotic disassembly of EV batteries improved security and saved
time compared to manual disassembly. An information-driven robotic disassembly architecture was proposed by
Hendrik Poschmann et al. 29, This system included an information marketplace, robot cognition processor, system
perception unit, disassembly execution unit, and human—-machine interface. The system could incorporate

information from the product’s entire lifecycle to ascertain the extent of disassembly.
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4. Disassembly Sequence Planning and Knowledge Graph
for the Disassembly of EV Batteries

Scholars created plans for disassembling returned parts that considered environmental factors and treatment
methods. An automated optimization method was developed for planning disassembly sequences 2. Components
were classified in detail while separating them at the lowest level of disassembly to ensure the disposal of non-
toxic, toxic, and safe components. The management of parts after EoL treatment was proposed to reduce the
environmental impact of the whole process [22. A disassembly sequence was created by using the stability graph
cut-set approach and setting the minimum number of direction changes as the fitness function. By considering the
direction changes through the fitness function, the stability graph cut-set method was utilized to generate the
optimal disassembly sequence. A scoring system was designed to process the waste by decomposing the
components containing biohazardous toxic materials to the lowest level 22, An environmental risk reduction model
was investigated which included various parameters to tackle medical electronic waste. Artificial intelligence,
knowledge engineering, deep learning, and mathematical algorithms were employed to analyze the disassembly

sequence planning of EoL products with varying levels of scrap or disassembly requirements.

Artificial intelligence and machine learning were used to optimize the battery disassembly process. The
approaches of employing artificial intelligence and machine learning to assist the disassembly of EV batteries were
investigated by Kai Meng et al. 24, A machine learning and sensor-based automatic disassembly platform for EoL
batteries was demonstrated 28], This platform combined a computer vision system and a thermal imager to enable
real-time control of the cutting action and to enhance safety and quality control throughout the disassembly
process. Yang Hu et al. 28 proposed a knowledge recommendation system. This system employed a human—robot
collaborative disassembly knowledge graph to assist human workers in disassembly operations and improve
disassembly efficiency. The application of knowledge graphs was demonstrated. A review article discussed graph-
based disassembly sequence planning 24, Blocking Graph (with some variations), AND/OR Graph, Liaison Graph,

Connector-based Graph methods, and other graph-based methods such as Contact State Graph were outlined.

References

1. Singhal, A. Introducing the knowledge graphs: Things, not strings. Off. Google Blog 2012, 16, 1—
10.

2. Liu, Q.; Yang, L.; Hong, D.; Yao, L.; Zhiguang, Q. A review of knowledge graph construction
techniques. Comput. Res. Dev. 2016, 53, 582—-600.

3. Zou, X. A Survey on Application of Knowledge Graph. J. Phys. Conf. Ser. 2020, 1487, 012016.

4. Bizer, C.; Lehmann, J.; Kobilarov, G.; Auer, S.; Becker, C.; Cyganiak, R.; Hellmann, S. DBpedia-a
crystallization point for the web of data. Web Semant. Sci. Serv. Agents World Wide Web 2009, 7,
154-165.

https://encyclopedia.pub/entry/53262 3/5



Knowledge Graph for Disassembly of Electric Vehicle Batteries | Encyclopedia.pub

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

. Suchanek, F.M.; Kasneci, G.; Weikum, G. Yago: A large ontology from wikipedia and wordnet.

Web Semant. Sci. Serv. Agents World Wide Web 2008, 6, 203-217.

. Bollacker, K.; Cook, R.; Tufts, P. Freebase: A shared database of structured general human

knowledge. In Proceedings of the Twenty-Second AAAI Conference on Artificial Intelligence,
Vancouver, BC, Canada, 22—-26 July 2007.

. Ramoni, M.O.; Zhang, H.C. End-of-life (EoL) issues and options for electric vehicle batteries.

Clean Technol. Environ. Policy 2013, 15, 881-891.

. Kay, |.; Farhad, S.; Mahajan, A.; Esmaeeli, R.; Hashemi, S.R. Robotic Disassembly of Electric

Vehicles’ Battery Modules for Recycling. Energies 2022, 15, 4856.

. Choux, M.; Bigorra, E.M.; Tyapin, |. Task Planner for Robotic Disassembly of Electric Vehicle

Battery Pack. Metals 2021, 11, 387.

Sebastian, H.; Dimitrios, C. Human-robot collaboration in industrial environments: A literature
review on non-destructive disassembly. Robot. Comput.-Integr. Manuf. 2022, 73, 102208.

Chen, Z.; Bao, J.; Zheng, X.; Liu, T. Assembly Information Model Based on Knowledge Graph. J.
Shanghai Jiaotong Univ. 2020, 25, 578-588.

Pang, H.; Ding, W.; Li, H.; Zhang, D. Current status of research on disassembly process and
equipment for lead-acid batteries. Battery 2022, 52, 592-596.

Kang, F.; Sun, Z.; Lu, X. Research on disassembly equipment and process of decommissioned
lithium battery oriented to sorting. Nonferrous Met. (Miner. Process. Sect.) 2023, 2, 124-132.

Rosenberg, S.; Huster, S.; Baazouz, S.; Gléser-Chahoud, S.; Al Assadi, A.; Schultmann, F. Field
Study and Multimethod Analysis of an EV Battery System Disassembly. Energies 2022, 15, 5324.

Xiao, J.; Jiang, C.; Wang, B. A Review on Dynamic Recycling of Electric Vehicle Battery:
Disassembly and Echelon Utilization. Batteries 2023, 9, 57.

Zhu, J.; Mathews, I.; Ren, D.; Li, W.; Cogswell, D.; Xing, B.; Sedlatschek, T.; Nithin, S.;
Kantareddy, R.; Yi, M.; et al. End-of-life or second-life options for retired electric vehicle batteries.
Cell Rep. Phys. Sci. 2021, 2, 100537.

Ren, W.; Wang, Z.; Yang, H.; Zhang, Y.; Chen, M. NeuroSymbolic Task and Motion Planner for
Disassembly Electric Vehicle Batteries. J. Comput. Res. Dev. 2021, 58, 2604—-2617.

Hathaway, J.; Hathaway, J.; Shaarawy, A.; Akdeniz, C.; Aflakian, A.; Aflakian, A.; Stolkin, R.;
Stolkin, R.; Rastegarpanah, A. Towards reuse and recycling of lithium-ion batteries: Tele-robotics
for disassembly of electric vehicle batteries. Front. Robot. Al 2023, 10, 1179296.

Zhang, H.; Zhang, Y.; Wang, Z.; Zhang, S.; Li, H.; Chen, M. A novel knowledge-driven flexible
human-robot hybrid disassembly line and its key technologies for electric vehicle batteries. J.

https://encyclopedia.pub/entry/53262 4/5



Knowledge Graph for Disassembly of Electric Vehicle Batteries | Encyclopedia.pub

20.

21.

22.

23.

24.

25.

26.

27.

Manuf. Syst. 2023, 68, 338-353.

Poschmann, H.; Briiggemann, H.; Goldmann, D. Fostering End-of-Life Utilization by Information-
driven Robotic Disassembly. Procedia CIRP 2021, 98, 282-287.

Bahubalendruni, M.V.A.R.; Varupala, V.P. Disassembly Sequence Planning for Safe Disposal of
End-of-Life Waste Electric and Electronic Equipment. Natl. Acad. Sci. Lett. 2020, 44, 243-247.

Guniji, B.M.; Pabba, S.K.; Rajaram, I.R.S.; Sorakayala, P.S.; Dubey, A.; Deepak, B.B.V.L.; Biswal,
B.B.; Bahubalendruni, M.V.A.R. Optimal disassembly sequence generation and disposal of parts
using stability graph cut-set method for End of Life product. Sadhana 2021, 46, 1-15.

Gulivindala, A.K.; Bahubalendruni, M.V.A.R.; Madhu, B.P.; Eswaran, M. Mechanical disassembly
sequence planning for end-of-life products to maximize recyclability. Sadhana 2023, 48, 109.

Meng, K.; Xu, G.; Peng, X.; Youcef-Toumi, K.; Li, J. Intelligent disassembly of electric-vehicle
batteries: A forward-looking overview. Resour. Conserv. Recycl. 2022, 182, 106207.

Lu, Y.; Maftouni, M.; Yang, T.; Zheng, P.; Young, D.; Kong, Z.J.; Li, Z. A novel disassembly process
of end-of-life lithium-ion batteries enhanced by online sensing and machine learning techniques.
J. Intell. Manuf. 2023, 34, 2463-2475.

Hu, Y.; Ding, Y.; Xu, F.; Liu, J.; Xu, W.; Feng, H. Knowledge Recommendation System for Human-
Robot Collaborative Disassembly Using Knowledge Graph. In Proceedings of the ASME 2021
16th International Manufacturing Science and Engineering Conference, Virtual, 21-25 June 2021.

SoGhandi, E.; Masehian, E. Review and taxonomies of assembly and disassembly path planning
problems and approaches. Comput.-Aided Des. 2015, 67—-68, 58—86.

Retrieved from https://encyclopedia.pub/entry/history/show/120334

https://encyclopedia.pub/entry/53262 5/5



