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An Aircraft Tooling e-Manufacturing Architecture
Based on Mobile Agents

Yingguang Li, Jianbang Jian, and Hai Li

College of Mechanical & Electrical Engineering,
Nanjing University of Aeronautics and Astronautics
welcome.li@nuaa.edu.cn, jianjianbang@yahoo.cn,
lihai_0901@163.com

Abstract. In view of unprecedented challenges brought by ever changing,
global and competitive market conditions, manufacturing industry worldwide
needed to cut its costs and overheads. And there were growing demands
for flexible, fast, well-planned manufacturing system design. Therefore,
manufacturing systems started to move from distributed manufacturing and
global manufacturing towards cross-organization e-manufacturing by using
inter-connected web systems. In this paper, the definition and features of
e-Manufacturing is introduced. Then, in view of the difficulties and
characteristics of the aircraft tooling manufacturing, an aircraft tooling
e-Manufacturing architecture based on mobile agents is proposed. And some
key technologies are discussed to support this architecture. Finally, an aircraft
tooling e-Manufacturing prototype system has been developed according to the
aircraft tooling e-Manufacturing architecture.

Keywords: e-Manufacturing, Aircraft Tooling, Mobile Agents.

1 Introduction

In the last two decades or so, manufacturing enterprises are confronted with a fast
changing and unpredictable environment. To succeed in increasingly global
competition, they must pay greater attention to using information technology in
reengineering their construction, and response to the demands of market quickly (Lin
and Lu, 2003). And manufacturing system is developing with the characteristics of
integration, cyberization and globalization to meet the requirements of the rapidly
changing market, a product’s price, quality, delivery performance, customer choice,
etc., which may result from the factors of unexpected changes of competitive market
environment, globalization of market, a variety of customers’ demands and shortened
product life cycle. These factors have great impacts on all the manufacturing-related
activities such as order, design, planning, manufacturing, workshop floor control,
assembly, delivery, maintenance, services, and marketing (Cheng et al, 2008).

Manufacturing industry has changed from mass production through flexible and
lean manufacturing towards agile manufacturing and e-manufacturing philosophy, as
shown in Figure-1. Enterprises of information technology status and trends in the
following areas (Zhao, 2002):

~ wv L v e Tevwea s
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2) Aircraft tooling design follows product design and is restricted by product
design. For the sake of reducing product’s time-to-market, tooling design is desired to
parallel with product design, which requires that tooling design begin when airplane
product data has not been formally released. As amendment in airplane design occurs,
accurate and timely tracing is difficult, which leads to repetitive tooling design and
design iteration. Moreover, the manufacturing process and design workflows for
product change can not be evaluated and optimized in time. The delay of finding out
sticky point will cause rework in aircraft tooling design and thus the project schedule
is greatly affected. :

3) Aircraft tooling design and manufacturing involve many disciplines and
departments. As tooling design is desired to parallel with latter manufacturing,
assembling and etc, it is a pressing and heavy job. :

The rest of this article is organized as follows. Section 2 introduces the definition
and features of e-Manufacturing. Then an aircraft tooling e-Manufacturing
architecture based on mobile agents is proposed in Section 3. To support this
architecture, some key technologies are discussed in Section 4. The implementation of
the proposed architecture is detailed in Section 5 and Section 6 concludes this
research work.

2 e'-Manufacturing: Definition and Features

e-Manufacturing is a transformation system that enables the manufacturing operations
to achieve predictive near-zero-downtime performance as well as to synchronize with
the business systems through the use of web-enabled computational tools and tether-
free technologies. It integrated information and decision making among data flow (of
machine/process level), information flow (of factory and supply system level), and
cash flow (of business system:level) (Koc, 2002).

e-Manufacturing should integrate seamlessly with existing information systems,
such as enterprise resource planning (ERP), supply chain management (SCM),
customer relation management (CRM) and manufacturing execution system (MES),
to provide information transparency in order to achieve the maximum benefit (Wang
and Andrew, 2009). The major functions and objectives of e-manufacturing are: (a)
provide a transparent, seamless and automated information exchange process to
enable an only handle information once (OHIO) environment; (b) improve the
utilization of plant floor assets using a holistic approach combining the tools of
predictive. maintenance techniques; (c) links entire SCM operation and asset
optimization; and (d) deliver customer services utilizing the latest predictive
intelligence methods and tether-free technologies (Koc, 2002). One of its main
content is to create the system link among the various parts and reliable operation.
The essence of the whole system is to build a dictionary database with control
information of each switch, relays, contactors, pumps, valves, motor control and etc.,
so that their /O can be called high-speed effectively to meet the demand of
production, marketing and fluctuant need in the supply chain.

e-Manufacturing philosophy naturally results from that the way people work is
being changed by the Internet, for instance (Chan et al, 2001).
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Client Suppliers and Parters | Clients and Distritutors

Information Transport

Fig. 2. An aircraft tooling e-Manufacturing architecture based on mobile agents

dispatched from one computer and transported to a remote computer for execution. In
this system, they are used to get and transport the information among various systems
such as CAD/CAPP/PDM, MES, DCS/PLC/DNC/SCADA, ERP and so on. Mobile
agent templates are used to implement the concrete encapsulating operations for
different systems. Referring to a specific system, a user can select the corresponding
template, define and customize its contents and functions to generate a real mobile
agent and dispatch this mobile agent to the site of this system to carry out the
corresponding encapsulating operations. '

(4) E-Business and management is made of enterprise resource planning (ERP),
customer relationship management (CRM) and supply chain management (SCM).
The main functions of ERP are financial management, order management, production
and materials planning and so on. ERP connects to SCM and CRM to provide them
with the necessary information. SCM is a direct supplier-oriented, which is used for
coordination and management of suppliers, manufacturers, vendors and users. CRM is
a direct customer-facing, which help enterprises enhance their revenue and customer
interaction, which can become to more friendly through personalized service.

(5) Client includes suppliers, partners, clients and distributors. Suppliers and
partners provide material or production to manufacturer, which manufacture the final
productions and then sell them to client directly or through distributors. The
information of client can be fed back to the manufacturer.
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Fig. 4. An aircraft tooling e-Manufacturing system based on mobile agents

(1) Date is made up of different mobile agent templates such as CAD mobile agent
template, CAPP mobile agent template, PDM mobile agent template, ERP mobile
agent template and so on. A mobile agent template is in fact a software component
with a few attributes. The attributes mainly consist of ID, name, input parameters and
output parameters. According to different software, there exist different attributes
(Zhou and Jiang, 2005).



An Aircraft Tooling e-Manufacturing Architecture Based on Mobile Agents 1225

References

Cai, G.M.: Discussion on application prospect of FMS. Journal of Mechanical Research &
Application 20(2), 11-13 (2007)

Chan, H,, Lee, R., Dillon, T, et al.: E-Commerce: fundamentals and applications, p. 35. John
Wiley & Sons Ltd., Chichester (2001)

Cheng, K., Bateman, R.J.: e-Manufacturing: characteristics, applications and potentials. Journal
of Progress in Natural Science 18(11), 1323-1328 (2008)

Jiang, P.Y.: The theory and technology of networked manufacturing and e-services, p. 40.
Science Press, Beijing (2004)

Koc, M., Nj, J., Lee, J.: Introduction of e-manufacturing. In: Proceeding of the International
Conference on Frontiers on Design and Manufacturing, Dalian, China, July 2002, pp. 4347
(2002)

Li, Y.G, Pan, Z.Y., Yan, R.J., Jian, J.B.: An aircraft tooling cooperative design model based on
neuron-endocrine-immunity working principle. Journal of Advanced Materials Research 44-
46, 239246 (2008)

Lin, S., Lu, Y.N.: Research on the architecture of e-manufacturing and its application. Journal
of Dong Hua University (English Edition) 20(4), 103—106 (2003)

Shen, W.M., Douglas, H.N., Jean-Paul, A.B.: Multi-Agent System for Concurrent Intelligent
Design and Manufacturing, p. 43. Taylor & Francis Inc., London (2001)

Wang, H.: PDM Technology and Its Execution in Manufacturing Enterprise. Journal of Modern
Electronics Technique (2), 156-158 (2008)

Wang, L.H., Andrew, Y.C.N.: Collaborative design and planning for digital manufacturing, p.
2. Springer Ltd., London (2009)

Zhang, J., Gao, L., Li, P.G.: Multi-Agent technology in advanced manufacture application, p.
40. Scientific Publishing house, Beijing (2004)

Zhao, R.J.: Manufacturing in the 21th century with IT. Journal of Heavy Machiner (1), 1-6
(2002) .

Zhou, G.H., Jiang, P.Y.: Using mobile agents to encapsulate manufacturing resources over the
Internet. Journal of Advanced Manufacturing Technology 25(1-2), 189-197 (2005)



1224 Y. L1, J. ian, and H. L1

(2) Client downloads the mobile agent template, instantiates it and dispatches the
instantiated mobile agent to the traditional software. When the traditional software
finishes the operation and sends the result to the mobile agent, mobile agent server
retracts it and extracts the result. ,

(3) Existent software is encapsulated to the mobile agent through its application
programming interface (API). When receives the instantiated mobile agent, the
traditional software extracts the input parameters and performs according these input
parameters. After finishes the operation, it populates the result to the mobile agent,
which will be retracted to the client.

5 Case Study

Referring to the aircraft tooling e-Manufacturing architecture based on mobile agents,
an aircraft tooling e-Manufacturing prototype system has been developed. This
system adopts JADE which is the basis for dcveloping mobile agents. Data
exchanging between JADE and TeamCenter Engineering is realxzed by accessing to
TeamCenter portal API.

Figure-4 shows the manufacturing of the tooling for a commercial airplane port
through the aircraft tooling e-Manufacturing prototype system. Firstly, the mobile
agent server download CAD mobile agent template, instantiates it, dispatches and
retracts the instantiated mobile agent to the designer of the commercial airplane port
and send the mobile agent to the tooling designer. The designer of the commercial
airplane port receives the CAD mobile agent and encapsulates the information such as
item ID, revision ID and etc. into the CAD mobile agent. Then, according to the
information, the tooling designer designs the tooling of the commercial airplane port.
After that, the process planner makes the process plan for the tooling. All the data are
stored in PDM. Finally, the mobile agent server dispatches and retracts MES mobile
agent to MES to manufacturing the tooling according to the product model and
process plan, whose information is transport by the PDM mobile agent.

6 Conclusion

On the basis of analyzing the characteristics of e-Manufacturing and the difficulties of
aircraft tooling manufacturing, an aircraft tooling e-Manufacturing architecture based
on mobile agents is proposed and some key technologies are discussed to support this
architecture. In this architecture, the information of different software can be
transported to the right human in time with the mobile agent. This architecture
integrates seamlessly with existing information systems, such as PDM, ERP, SCM,
CRM, MES and etc. And an aircraft tooling e-Manufacturing prototype system has
been developed. However, it only integrates the CAD, CAM and PDM, the future
work is to integrate the CRM, SCM, ERP and etc.
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4 Key Technologies

4.1 Mobile Agents

Mobile agents are software agents capable of moving from one machine to another
automatically. One advantage compared to a static agent residing on particular machine
is that this can decrease the network communication load. The basic requirement is that
the executing agent code together with its environment be serializes, shipped over the
network and then reconstructed on target machine (Shen, 2001).

Mobile agent in dispatched before to be stationed in the dispatch end, through with
the local information source link, gained the local related information; When is
dispatched, the local related information and the operation will transmit to the goal main
engine, will carry out the related operation on the goal main engine, and will carry on
the link with the goal main engine's information source, the gain related information,
will complete operates the later returns operating result, and will terminate on the goal
main engine to dispatch to move agent the movement (Zhang, 2004).

Compared with traditional message-passing systems, mobile agents have the
following advantages (Jiang, 2004): ‘

(1) Object passing. When a mobile agent moves, the whole agent as a single object
is passed over the Internet. For example, its behaviours, data, running status and
itineraries are passed together at the same time.

(2) Centralized control. Before dispatched to the target machine, a mobile agent
usually station in the server machine. Therefore, the maintenance of codes and
upgrade of version is easy to be implemented.

(3) Autonomy. A mobile agent can decide its behaviors and move target according
to itself information.

(4) Local interaction. The mobile agent can interact with other mobile agents or
stationary objects locally. ,

(5) Parallel operation. Different mobile agents can be dispatched to different target
machines to perform different tasks at the same time.

(6) Disconnected operation. With the ability to make decisions for itself based on
its environment, the mobile agent can perform its tasks, even when the host from
which it was generated is unavailable, disconnected from the network, or even
switched off.

4.2 Creating an Encapsulating Model for Existent Software

Different software has different functions and different input/output requirements.
Therefore, in order to encapsulate existent software and provide networked interfaces
for them, we should create an encapsulating model for existent software and develop
a series of different mobile agent templates to satisfy the different requirements.

The principle of the encapsulating model for existent software is show in Figure-3
(Jiang, 2004). It can be divided into three levels: date, client and existent software,
whose main functions are described as follows:



