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Abstract: As the www technology that is commonly used on the Internet at present can't solve all
remote fault diagnosis, a detailed solution to the remote monitoring and diagnosis system for a rolling
mill is introduced. The hardware and software structure of remote monitoring and diagnosis system is
presented. The structure of the system is made up of four subsystems: online monitoring subsystem,
Data servo subsystem, Database service subsystem and www server subsystem. Software module of
system includes seven parts: online monitoring module, data query module, fault information query
module, trend analysis module, diagnosis analysis module, engineer station module and eigenvalue
query module. The system adopts B/S model and integrates CORBA technology with SOAP/Web
Service technology. It makes dynamic display and traversing for a great deal of on-line data and Firewall
traversal possible. It has run a long time that proves that the system interface is friendly and easy to
study. It has better security, well portability, well expandability and well stability. It can judge the
running-condition of rolling mill in time. Copyright © 2012 IFSA.

Keywords: Rolling mill, Remote monitoring, CORBA, SOAP/Web service, Diagnosis.

1. Introduction

Mechanical equipments are monitored and diagnosed by using monitoring and fault diagnosis
technology in order to find fault of mechanical equipment and avoid emergence of malignant accident of
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equipment in time, thus personnel's injuries and deaths, environment pollution and enormous economic
losses are avoided.

Remote fault diagnosis system is a typical distributed application program, and its structure and
technology of realizing are very complicated. WWW technology, which is commonly used on Internet,
can’t solve all remote fault diagnosis affairs because of its' inherent defect at present. CORBA (Common
Object Request Broker Architecture) is a kind of new distributed object computing technology and can
solve the task that is difficult to develop or even can’t be finished by traditional Web application .So it’s
an effective way to develop distributed application combining Web with CORBA technology.

2. Characteristics of System Based on CORBA Technology and SOAP/Web Service
Technology

The system, which is developed by CORBA technology and SOAP/Web Service technology, has the
following characteristics.

1) Good portability. The system is developed not aiming at a certain application, which is aimed at a
series of questions, so it has good portability.

2) Maintainability. The system is designed with the module thought. It’s very convenient to carry on the
change and upgrade of the module and maintain system, so it is easy to operate.

3) Advance. The system is designed based on CORBA technology and SOAP/Web Service technology,
so its advance is effectively ensured.

4) Expansibility. The characteristics of CORBA technology have determined its own strong
expansibility of the system, which gives security for the system newly increased function module.

5) Real-time many tasks. In fact, a lot of tasks need finish at the same time in the process of signal
collection, analysis and process.

3. Principles and Thought of System Design

Data collected are transmitted to database server through LAN in this system by using CORBA
technology, which well solved the sharing problem of the data.

On the combination technology of CORBA and Web, SOAP / Web Service is a kind of very good
combination scheme. CORBA developed as one of object-oriented distributed major standards is
perfecting and maturing day by day, and widely used in every field, especially electronic bank,
e-commerce. Because CORBA can't pass through the firewall, which has limited its development in a lot
of fields, and SOAP / Web Service is based on HTTP agreement, combination of CORBA and SOAP /
Web Service can fully utilize their advantages, realize remote diagnosis system with multi-layer
architecture based on distributed B/S mode.

SOAP client program downloads from Web server and carries out in the system, communication with
CORBA application object (diagnosis function) in application server is carried on through SOAP
agreement, so appointed operation is designated on the browser. Customer’s requests are authenticated
and explained by CORBA application targets at first, then according to the content which the customer
asks, the database is visited directly, or either the controlling data is displayed dynamically, or diagnosis
analysis required by users is finished.
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4. Architecture of System

The remote monitoring and fault diagnosis system is an opening multi-layer distributed system, and
composed by four subsystems mainly, such as online monitoring subsystem, data servo subsystem,
database service subsystem and WWW server subsystem. Its structure is shown in Fig. 1.

Online monitoring subsystem includes sensor system, signal acquisition system and real-time online
monitoring software system, finishes real-time collecting sampling of hardware of the card, collection
and process of signal, real-time data display, storage of alarm and sample data, and operation of SQL
database.
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Fig. 1. Architecture of remote online monitoring and fault diagnosis system.

Tasks of data servo subsystem and database server subsystem is receiving and dealing with all data sent
from data collection station, putting initial data into the primitive signal buffer memory area, then
writing the treated data into the characteristic database and historical database. Characteristic value of
the collected data and primitive signal route are stored regularly, all alarm signal characteristic value and
alarm signal route are stored at the same time.

WWW server subsystem is a service website set up on Internet, it includes WWW server and application
program mainly. It adopts browser work mode, all monitoring, analysis and diagnosis software is put at
WWW server, and they are managed through WWW homepage. Engineer authorized utilize Web
browser to have a look around through the authentication way of the password. The data servo
subsystem and database service subsystem are installed on a server in this system.

5. Realization of System

The whole system is developed by C+ + Builder language, and aims at test, analysis and diagnosis of
vibration and status information of the rolling mill mainly.

Because this system adopts B/S mode, application programs are not need to install in client, the system is
visited directly in different place through inputting IP address, only if URL of Web server is known. This
system is mainly includes online monitoring module, data query module, fault information query
module, trend analysis module, fault diagnosis module, engineer station module, eigenvalue query
module.
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The hardware is composed of sensors, adapters, computers and exchangers. These parts are linked by
electric cable and netting wire. Some signals such as velocity, acceleration, displacement and
temperature are processed by adapter in order to be saved.

The whole software system is made up of online monitoring system, network monitoring and diagnosis
system. The online monitoring system finishes function of collection, processing, shows of the signal
and alarm, is installed on gathering data server. The data servo subsystem finishes storage of regular data
and alarm data. Network monitoring and diagnosis system includes remote monitoring system, trend
analysis, relevant analysis, power spectrum analysis and wavelet analysis etc. The online monitoring
system is responsible for gathering and transmitting the signal. SQL data server stores the characteristic
value of the data, primitive signal route regularly, all alarm signal characteristic value and alarm signal
route at the same time. Web server can offer remote online monitoring and remote diagnosis.

Communication among data gathering server, data servo subsystem, database service subsystem and
WWW server subsystem is based on CORBA C/S model. Communication between WWW server
subsystem and browser is adopted SOAP/Web Service technology based on HTTP agreement. Database
is visited by every system adopting ADO linkage way. Software logic relationship diagram of system is
shown in Fig. 2.

In this system, spot signals are gathered through industrial PC installed on the spot, which is CORBA
client 1 (shown in Fig. 2 A). CORBA server deals with signal got by using multi-thread technology. One
hand, data is transmitted to CORBA client 2 (CORBA client and Web Service is integrated in Fig. 2 D)
to provide interface service thread integrated SOAP/ Web Service client. The other hand, the thread is
stored according to storage rule of database. Browser shown in Fig. 2 F is a thin client realizing remote
diagnosis service. It provides service to the outside through IS releasing, can be visited by user through
IP. Program E integrates CORBA client and Web Service server, provides interface service to the
outside in the form of DLL through I1S releasing. So, once there is WebPage request, DLL will be
activated, after this Webpage is closed, the DLL is still in the state of monitoring, thus the time of

visiting is saved.
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Fig. 2. Software logic relationship diagram of system.
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6. Instance
6.1. Rolling Mill System

Rolling mill system is shown as Fig. 2. It includes speed generator, direct current generator, reducer,
universal axis, torque distance apparatuses, rolling mill and so on. The type of speed generator is
ZYS-1A, it’s the largest rotation speed is 2000 rpm and power is 4.4 KW (shown as 1 in Fig. 3), which is
used to measuring rotation speed of generator. There are two direct current generators (shown as 3 and
10 in Fig. 3). The type of generator is Z2-82, the largest rotation speed is 1500 rpm and power is 40 KW.
There are two torsion sensors (shown as 2 and 6 in Fig. 3). The types of these two torsion sensors are
JS-2 and JS-3 respectively, their tolerance torsion are 500 N-m and 5000 N-m respectively. They are
used to measuring torque and rotation speed. There are two reducer, their types are JZQ650. There are
two remote measurement torque sensors (shown as 4 and 7 in Fig. 3). Their types of sensors are JY,
which are used to measuring torque.

Operation principle of the rolling mill system: main motor 3 drives reducer 5 and rolling mill 9 to run,
motor 10 can already be regarded as the motor, or can be as the generator (as a load on the rolling mill
system). It can be used to make performance test of component parts of mechanical transmission, fatigue
test, parameters test of force and energy, online monitoring and fault diagnosis of equipment.
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1. Speed generator; 2. 500 N-m torsion sensor; 3. Motor; 4, 7. Remote measurement torque sensor;
5. Reducer, 6. 5000 N-m torsion sensor; 8. Universal axis; 9. Rolling mill; 10. Motor (generator).

Fig. 3. Sketch map of rolling mill system.

6.2. Diagnosis of the Fault Signal

Motor 10 loads this system as a generator in Fig. 3. During operating and debuting the system, the
vibration of bearings in motor 10 is unusual. An acceleration sensor is installed on the left bearings seat
of motor 10 to pick up vibration acceleration signal. Because the fault frequency of the bearings is
relatively low, the low-frequency fault signal of bearings can be isolated from vibration signal by using
envelope spectrum analysis method. Rotation frequency of motor axle of rolling mill system is
7.7 Hz. Then the remote monitoring and fault diagnosis system based on CORBA and SOAP
Web/Service is used to analyze the bearings. Envelope spectrum of vibration acceleration signal of
motor bearings is got (shown as Fig. 4), after spectrum zooming, the corresponding frequency of three
obvious peak value are 7.75 Hz, 15.43 Hz, 23.28 Hz, which separately are very close to 1 times, 2 times
and 3 times of rotation frequency of motor axle.

The rolling bearings bears the load relying on elasticity touch between race and roller, has the
characteristic of “spring”, so its rigidity is very great. When the lubricated state of the bearings is bad,
the characteristic of the non-linear spring is presented, so non-linear vibration is produced. There is
high-order harmonic generation (2f, 3f...) in non-linear vibration except for the rotation frequency f.
According to the characteristic of spectrum of vibration acceleration signal of bearing, the fault of
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bearings is bad lubricated state. The actual conditions are that the lubricating grease in the bearings has
not been changed for many years, has already dried up and gone bad, lubricated performance worsens
seriously, which is in conformity with actual conditions.
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Fig. 4. Spectrum of bearings of motor.

7. Conclusions

The remote fault diagnosis system is based on B/S mode, adopts CORBA technology and SOAP / Web
Service technology together. The system has good portability, maintainability, opening and
expansibility, can realize the sharing of resources. It makes dynamic display and traversing for a great
deal of on-line data and Firewall traversal possible. It has run a long time that proves this system can
judge the operation state of the rolling mill in time. Some functions of the system are widely used in
monitoring and diagnosis of a lot of equipments of metallurgical enterprise; the integrality, stability and
dependability have already got users' affirmation.
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