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Abstract: For the special working environment and conveyor as diagnostic object, this paper proposed a new 
fault diagnosis method based on ontology to diagnose the fault of conveyor as follows: stalling, drifting and 
damage. The experiment results show that: the proposed fault diagnosis method avoids the weakness of former 
methods, could diagnose all kinds of fault phenomenon and different fault causes. Finally the paper gives the 
corresponding solution and gains high efficiency of the fault diagnosis method. Copyright © 2013 IFSA. 
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1. Introduction 
 

For different causes, it has always resulted fault 
on conveyor system. It may stop the conveyor system 
and influence the production even may cause serious 
accident. The most common and most difficult fault 
always has connections with the conveyor belts. The 
conveyor belt is flexible component and always has 
faults like: 1) when the conveyor belt has relative 
sliding with conveyor roll, it results in stalling fault 
and slipping during the starting stage. 2) When 
conveyor’s physical centerline deviate its geometric 
centerline, it may happened conveyor belts drifting 
fault. 3) When large sharp object pierce conveyor 
belts, it may result in scratch, broken hole and even 
extensive longitudinal tearing. 

For the special working environment and 
conveyor as diagnostic object, it has lots of difficult 
to detect and diagnose these faults. Focus on stalling, 
drifting and damage fault, this paper proposed a new 
fault diagnosis method based on ontology to diagnose 
the fault. The experiment results show that: the 
proposed fault diagnosis method avoids the weakness 
of former methods, could high effectively diagnose 
all kinds of fault phenomenon and different  
fault causes. 

2. Introduction of Ontology 
 

2.1. Ontology 
 
Ontology is originally a philosophical concept 

which was used to describe the nature of things by 
philosophers. In 1993, Gruber presented a generally 
accepted definition of ontology, “Ontology is a 
normative specification of the conceptualization”. 
Brost modify this and propose that: “Ontology is a 
formal, explicit specification of a shared 
conceptualization”. Studer has deeply research on the 
above two definitions, and think that an ontology is a 
normative, formal, explicit specification of a shared 
conceptualization. This definition includes four 
meanings: conceptualization, explicit, formalization 
and sharing. 

Generally speaking, the purpose of constructing 
ontology is to achieve knowledge sharing and reuse 
in some ways. Ontology can help users achieve this 
goal due to: First, ontology analysis the structure of 
knowledge, clarify the nature of the domain concepts 
and connections, which can provide a good basis for 
knowledge sharing; then the analysis results of 
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ontology can be reused which avoid the repeating 
analysis; finally, ontology use clear connotation, 
uniform concept and jargon which makes knowledge 
sharing possible. 

 
 

2.2. Literature Review 
 
Through the retrieval of literature of domestic and 

international, we can see that ontology theory was 
applied to fault diagnosis research has started off, and 
getting increasingly attention and research.  
Ghoshal S. K. [1] etc. presented a case study and 
implemented an online fault diagnosis scheme 
through parameter estimation to a belt conveyor 
system. Thereafter, their model is simulated with 
parametric fault in some components, through 
parameter estimation from analytical redundancy 
relations (ARR) derived from the model. Bernaras [2] 
from the viewpoint of diagnosis, proposed ontology 
of power network which are the must-have elements 
of network fault diagnosis. Through the detail 
analysis of the power network and its behavior, he 
put forward five basic views: transport, control, event, 
alarms and trips. And he set up a more precise, clear 
and related elements for each view. Ahmadi [3] etc. 
focuses on vibration-based condition monitoring and 
fault diagnosis of a belt conveyor electromotor by 
using Power spectral density (PSD). At last 
integration of vibration condition monitoring 
technique with Power Spectral Density analyze could 
indicate more understanding about diagnosis of the 
electromotor. Bartelmus [4] etc. study fault detection 
and diagnosis in mechanical systems during their 
time-varying nonstationary operation is one of the 
most challenging issues. Simulation results show a 
strong correlation between load values, changes in 
condition and the diagnostic features. The findings 
are keys to condition monitoring. Viswanadham [5] 
etc. develop a controller methodology for fault 
detection and diagnosis using Petri nets and fault rees 
in automated manufacturing systems. The controller 
has two levels and they present a Petri-net-based 
intelligent controller for system-level fault detection 
and diagnosis. Altawil [6] etc. describes a non-
invasive technique, for the fault diagnosis and 
condition monitoring of power electronic drives. In 
this particular case, the current harmonic signature of 
a conveyor-belt drive system is monitored. Different 
faults under different operational conditions of the 
system have been successfully identified.  
Stanton M. J [7] etc. describes the extension of a 
manufacturing control structure for the control of a 
closed loop conveyor which delivers parts and raw 
materials to a number of work stations. Finally the 
proposed application of such controllers to fault 
monitoring and diagnosisis discussed. Zimroz [8] etc. 
deals with local fault detection procedure for bearings 
used in pulleys from driving unit in belt conveyor 
systems. The reason to check it is that diagnosed 
object is characterized by different (than helicopter's 
gearboxes) dimensions, speed, frequencies etc. 

Moosaei [9] etc. extends the previous results of the 
authors on fault recovery to timed discrete-event 
systems (TDES), and discusses the application of the 
proposed methodology to a manufacturing cell, and 
in cases of failure, the supervisor sends appropriate 
recovery commands so that the cell can complete its 
production cycle. M. Ehrig [10] etc. determine 
similarity through rules which have been encoded by 
ontology experts. These rules are then combined for 
one overall result. Several boosting small actions are 
added. All this is thoroughly evaluated with very 
promising results. Guoping L. [11] etc use the theory 
of artificial intelligence fault diagnosis of hydraulic 
excavator of several basic problems, the experimental 
result demonstrated that the information of sign 
failure was fully used through the algorithm. The 
algorithm was feasible and effective to fault 
diagnosis of hydraulic excavator. Zengshou Dong [12] 
etc. build an accurate model to recognize fault is the 
key of diagnosis technology. Compared with EMD 
and wavelet decomposition, the results show that it 
can extract fault features effectively and can improve 
the accuracy and speed of fault diagnosis. 

Based on the full analysis and reference to the 
fault diagnosis and the achievements, experiences 
and lessons from the research on ontology, this paper 
applied the ontology theory and methods to fault 
diagnosis and built a knowledge sharing system for 
conveyor fault diagnosis. This fault diagnosis system 
could improve the fault diagnosis theory and 
diagnostic performance, could reduce design costs, 
and could ensure equipment operate safely, reliably 
and effectively.  

 
 

3. Fault Diagnosis of Conveyor Base  
on Ontology 
 

3.1. Knowledge Base 
 
The process of fault diagnosis based on ontology 

is essentially of using existing knowledge of fault 
judgment to analyze fault. Fault diagnosis fault 
knowledge mainly involved in the fault symptom, 
fault causes and fault solution. The basic idea of fault 
diagnosis knowledge base is: Firstly, sort out the fault 
symptom, fault causes and fault solution; Secondly, 
use ontology to describe semantic relation among 
fault symptom, fault causes and fault solution; thirdly, 
use mapping relationship to indicate ontology 
relation of fault symptom, which is used for fault 
diagnosis technology in multiple unit. 

It’s generally judge specific fault cause according 
to fault symptom. Therefore, after built up the fault 
symptom ontology and fault cause ontology, we 
should establish the mapping relationship between 
fault symptom ontology and fault cause ontology, 
also fault cause ontology and fault solution ontology.  

Definition 1: the mapping relationship between 
fault symptom ontology and fault cause ontology can 
be describe as: M = M1U M2U M3 (M1 means 1-1, 
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one fault symptom corresponds to one fault cause; 
M2 means n-1, several fault symptom corresponds to 
one fault cause; M3 means n-n, several fault 
symptom corresponds to several fault causes) 

For example, Stalling and damage of the 
conveyor belt may be caused by conveyor overload 
ontology. So, this can be described as M2. 

Definition 2: the mapping relationship between 
fault cause ontology and fault solution ontology can 
be describe as: N = N1U N2U N3 (N1 means 1-1, 
one fault cause corresponds to one fault solution; N2 
means n-1, several fault causes corresponds to one 
fault solution; N3 means n-n, several fault causes 
corresponds to several fault solutions) 

Due to different types of conveyors’ aults, we 
need to establish a multiple fault knowledge base, use 
all kinds of fault information ontology to represent 
concepts and semantic relations between them, 
describe the similarity between concept and 
properties. And then establish the mapping 
relationship between each fault knowledge base. It is 
showed in Fig. 1. 
 
 

 
 

Fig. 1. Relationship of fault diagnosis knowledge base. 
 
 
3.1.1. Principle of Mapping Relation 
 

This ontology system use JAVA language to 
develop and the main elements are class objects 
attributes and data attributes. So, the mapping mainly 
among these three different ontology. 

1) In order to realize the mapping between the 
source and target, we defined four categories: 
EquivalentTo, SimilarTo, IntersectionTo and 
UnionTo. Using the “Equivalent To” to describe the 
mapping between the same categories; using the 
“Similar To” to describe the mapping between the 
two categories have overlapping content; the 
“Intersection To” create the intersection set for the 
target class as source class; the “Union To” with a 
combined source class to create corresponding 
instance of the target class. 

2) In order to achieve the mapping from the 
source ontology data attributes to the target 

ontology’s data attributes, and the mapping from the 
source ontology object attributes to the target 
ontology’s object attributes, we define the 
Renaming_Mapping and Inherit_Mapping and so on. 

3) The corresponding attributes includes Inherit, 
ChangeN and so on. 

4) A mapping axiom: 
Axiom 1: s ∈ explain (H) ↔∃h (h ∈ H ∧ 
causerelation (h, s)) 

Explanation: a discovery by a hypothetical 
explaining when and only when the presumed 
element is the reason of discovery. 
 
 
3.1.2. Causes of Fault Diagnosis 
 

According the basic idea of fault diagnosis, we 
can see after normalization processing of fault 
symptom and come out the concept set, the key is 
taking use of fault causes to analyze algorithm. The 
essence of fault diagnosis algorithm is the semantic 
matching problem between the two ontology. And 
the semantic matching problem between the two 
ontology is one of the research focuses on ontology 
[10]. According to the specific requirements of fault 
diagnosis, this paper designs the corresponding fault 
diagnosis algorithm. 
 
 
3.1.3. Solution of Fault Diagnosis 
 

According to fault causes, we get the fault 
diagnosis solution. The following part will show the 
fault diagnosis solution. 

Definition 3: ∏S is one part of fault diagnosis 
solution ontology set (Cs).  

and 
1 2{ , , , }m

s s s sC C CΠ = , 

1 1 1{ , , , }k
s s s sC c c c=   11 s sC C≤ ≤  

1 2 m
s s s sC C C C∪ ∪ ∪ ⊆ , { , }i k

s sm C C M∃ = ∈ . 
Definition 4: µ is the fault cause matching 

degree. 
( )i

s rc
i
c

C C
C

µ
−

=
 

and  

1 2{ , , , }rc rc rc rckC c c c= , 

rci cc C∈ , rc cC C≤
,

i
s cC ∈Π . 

 
The following part will give the specific 

algorithm: 
Algorithm 4.2: Solution algorithm of fault 

diagnosis 
Input: The fault causes set: 

1 2{ , , , }rc rc rc rcmC c c c= , rc cC C⊂ ; 
the matching accuracy function, 

( ), 1, 2,...,rcic i mρ =  ; the fault causes accepted 
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values in matching degree ξ, 0 <ξ ≤1; The fault 
causes concept extension end value ε, and when  
0 <ε ≤1, we can extensive with C. 

Output: The fault solution set Z. 
 
 
3.2. Knowledge System of Fault Diagnosis 
 

The axiom of general fault diagnosis knowledge, 
as a very important part of knowledge ontology in 
general fault diagnosis, is a higher level and 
abstraction knowledge. This knowledge could check 
the consistency of knowledge base system. In the 
process of building fault diagnosis knowledge 
ontology, we summed up some commonly used 
axioms. Of course, these axioms are only correct in 
the fault diagnosis knowledge, not suitable to  
all areas. 

Axiom 2: 
 
( x )( y )isreason( x, y ) ( z )isreason( y,z )

isreason( x,z )
∀ ∀ ∧ ∀
→

 

 
Explanation：If fault x results in y and fault y 

results in z, then fault x is the reason of fault z. 
Axiom 3: 

 
 ( x ) fault( x ) (( y)symptom(y) has( x, y )∀ → ∃ ∧  
 
Explanation: All faults have some previous 

symptom. 
Axiom 4: 
 
( x ) fault( x ) (( y)symptom(y) cause(y,x)∀ → ∃ ∧  
 
Explanation: All faults have some reason which 

result in them. 
Axiom 5:  
 
( x ) fault( x ) ( y)Pr e caused(x, y) fault( y )∀ ∧ ∃ − →

 
Explanation：Any fault x results in y, then y is 

fault too. 
Axiom 6:  
 

( x )( y)( fault( x ) fault( y ) causedby( x, y ))
equel( hasreason( x ),hasreason( y ))

∀ ∀ ∧ ∧
→

 

 
Explanation: If fault y results fault x, then fault x 

and fault y have the same fault reason. 
Axiom 7:  
 

( x )( fault( x ) ( y )( fault( y ) causedby(y,x))
ealierthan( x, y )

∀ ∧ ∃ ∧
→

 

 
Explanation: If fault x results in fault y, then fault 

x happened earlier than fault y. 
 

3.3. Mathematics Model 
 

In the conveyor fault diagnosis system, it’s very 
important to build a knowledge base of ontology. 
And the core is to build the mathematics model 
between fault causes ontology and solution ontology. 
The following part will take the conveyor belts 
stalling, drifting and damage mathematics model as 
examples to describe the system mathematics model.  

 
 

3.3.1. The Diagnostic Mathematical 
Formulation of Conveyor  
Stalling Accident 

 
Considering the accuracy of the tacho-generator 

and the error of the modeling, an adjustable time 
window N is introduced to replace the average of the 
speed Vs and the stall ∆V(Vr indicates the line speed 
of the drive roller) in the same period sample. The 
formulation of the model is drawn as follows. 
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Equal to: 

 
( )5  vvv ∆=                           (2) 

 
The N can be set according to the requirements. 

The first formula is a recursive averaging filter. A 
minimum threshold ε is designed to indicate the 
stalling accident as the average stall speed is  
over the ε. 

 
ε>v , (3) 

 
The average speed Vs and the stall V∆  indicates 

the running status of the conveyor. When 
)()( kvkv r=∆  and 0)(5 =kv , the conveyor will 

slip and reach the worst situation, the system is 
alarming then.  

 
 

3.3.2. The Diagnostic Mathematical 
Formulation of Conveyor off Tracking 

 
Considering the situation that the conveyor is off 

tracking, only the off side has a signal output, but not 
the other side. And different signals have positive and 
negative sign. A relative value result from the sum of 
the vector can be represented as follows: 

 

( ) ( )N
Nlr SSSSS

B
S ,,,1

21=+= , (4) 
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The B is the width of the conveyor, rS  is the 

right side sensor vector of the off tracking, lS  is the 

left side sensor vector of the off tracking. lS  is 

located in the beginning of the conveyor and NS  is 
located in the end of the conveyor. The total length of 
the conveyor is (N-1) ∆L, N is the amount of one side 
sensor; ∆L is the equal intervals between sensors. 
The message of the off tracking can be indicated 
from the formula (4).  

Two percentages determined threshold ε1 and ε2 
are described to represent the minimum and 
maximum limit of the off tracking. The ε1 is 2~5 % 
and the ε2 is 10 %~15 %,if very elements of the 
formula (4) are meet the following formula, the 
conveyor is not off tracking, then alarming and 
correction are no need.  

 
N,1,2,i  1 =< εis , (5) 

 
If some of the adjacent elements of formula (4) 

are meet the following formula, meaning that the 
light off tracking is happening between k and k+M. 
Because the off tracking is over the limit, the auto or 
manual correction will be needed and the alarm  
is appearing.  

 

is<1ε  

N,1,2,i(),,1,( =∈++= Mkkki  
(6) 

 
If some of the adjacent elements of formula (4) 

are meet the following formula, meaning that the 
heavy off tracking is happening between k and k+M. 
A heavy alarm is occurring and the stop signal will 
sent to the system to shut down the conveyor. 

 
 

3.3.3. The Diagnostic Mathematical 
Formulation of Conveyor Damage 

 
If the magnetized steel wire rope have broken 

hole or have been tearing apart, the broken magnetic 
field will appear around the damage. The normal 
vector of the broken magnetic field will be detected, 
which is also perpendicular to the conveyor plane. 
Different damages have different magnetic field 
which are shown in Fig. 2. 
 
 

 
 

Fig. 2. Different magnetic field of different damages. 

In the Fig. 2, the X axis is the direction of the 
length of the conveyor, Y axis is the direction of the 
width of the conveyor, Z is the direction of the 
normal vector of the broken magnetic field. The 
broken magnetic are different shape around the 
damage point with different damages. For the broken 
hole, 1) the shape between X axis and Y axis is 
almost the same, which can be showed in Fig. 3(a), 
clear magnetic signal in the normal vector can be 
seen in the plane x-z and plane y-z. 
 
 

 
 

(a) Broken hole                        (b) Tearing apart 
 

Fig. 3. The magnetic signal in the normal vector  
in the plane x-z and plane y-z. 

 
 

For the tearing apart damage, 2) the shape 
between X axis and Y axis is not the same, the shape 
of magnetic signal in the normal vector is like the 
broken hole damage, which result from the same 
damage in the width size. The magnetic signal in the 
normal vector in the plane x-z is longer, the signal in 
two sides are bigger, while the middle signal is small 
as shown in Fig. 3(b). We can distinguish the 
different damages of the conveyor with the different 
shape of the magnetic signal in the normal vector. 
For reflecting the 3-D shape of the damage in the 
steel wire rope, we introduce three comprehensive 
characteristics.  

1) Average amplitude of the signal 
The description of the average amplitude is: 
 

∑ ∑
= =

=
n

j

L

i
j iu

Ln
z

1 1
))(1(1

, (7) 

 
where n is the amount of the channels of the 
magnetic signal in the width of the conveyor, L is the 
length of the data window of the magnetic signal, 

)(iu j  is the average magnetic signal of the ith sample 

in the channel j. z  is the average distribution of the 
magnetic signal in both the width and the length 
direction. 

2) Average width of the signal 
The description of the average width: 
 

v
HLLx == τ  (8) 

 
where τ  is the step of the sample, H is the length of 
the sensor array in the length direction of the 
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conveyor, v is the running speed of the conveyor. 
These two characteristics z  and x  are used to 
transfer the irregular damage to the array signal. 

3) Comprehensive strength of the signal 
The description of the comprehensive strength of 

the signal P is shown as follows to identify the 
strength of the damage. 

 

2
12

11
))(( iuP j

L

i

n

j
∑∑
==

=  (9) 

 
Actually the formula is the sum of the mean 

square of all the signals, so a heavier damage means a 
bigger P. For example the longer avulsion means the 
bigger P. We can get the digital feature vector of the 
conveyor damage from the formulas (7)~(9) as 
shown below. 
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3.4. The Evolution of the Fault Data Base 
 

It is a difficult and wasting method to reform the 
fault data base from the huge basic base. In the 
diagnosis of the conveyor damage, we formulate a 
unit data base for the usual damage unit such as the 
conveyor damage, and express the relations among 
different units. When the damage is happening, the 
diagnosis of match is running in the local unit, and 
other proper data in relative units will be found. 
Before the diagnosis of the damage using the data 
base, searching and matching are needed. If we want 
to deduce the damage, we should diagnose the 
damage in the local unit, and make other diagnosis in 
relative units. The characteristics of the damage are 
the input parameters, then the system will offer a 
corresponding diagnosis method based on the 
characteristics, which form a whole damage 
diagnosis. If we cannot find a corresponding method, 
the damage is defined as waiting diagnosis damage, 
relative data will be found in the data base. The 
system will choose the similar data in the data base 
based on the main characteristics of the new damage. 
And match the chosen data with the new damage to 
find the most similar one. If the chosen one is test to 
be a proper data to match the new damage through 
the user practice, the system will save the data in the 
whole data base, which will also promote the 
evolution of the data base. 
 
 
3.5. The Framework of the Damage  

Diagnosis System 
 

We design a conveyor damage diagnosis system 
based on the ontology. The whole framework is 
showed in Fig. 4. 

 

 
 

Fig. 4. The framework of the damage diagnosis system 
based on the ontology. 

 
 

The core of the system is composed by the 
ontology, and the damage diagnosis data base system 
with these three parts. The extension of the system is 
client window and other attached parts. The 
conceptual structure of the system can be divided into 
client layer (system client and common client) and 
data layer. The data layer is the key point of the 
whole system, the diagnosis of the system will bring 
out through the interaction between ontology and 
data base. For the system client, the data layer is used 
to save the input data from the client to realize the 
search, revise and delete of the data. The main 
function of the damage diagnosis data base is to 
answer the commander of the client, offer the 
diagnosis of the system to common client and finish 
the maintenance or updates for the system client.  
 
 
3.6. The Example of the Damage Diagnosis 

and the Result Analysis 
 
 

The system is used to test the damage of a 
conveyor made by steel wire rope used for 
transferring the coals in a coals-transfer terminal in 
shanghai. The diagnosis result of the usual faults such 
as stalling, off tracking and damage is shown as 
following tables (Table 1-Table 3).  

The accuracy of the diagnosis of the stalling is 
almost 100 %. The system quickly judges the stalling 
accident and stops the conveyor before damage. It’s 
useful to avoid the roller heating and the burning 
accident of the conveyor. The number of the scram 
and emergency are decreased by 62 %. 

Data base 
 

 
 
Unit1   Unit2 Unit N 
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Table 1. The diagnosis result of stalling. 
 

Phenomena The feature vectors of diagnosis process Reason Solution 
 v∆  5v  DIVV  INTV    

slipping 0.069 0 0.061 0 starting failure add oil to the gear 
stalling 0.062 3.150 0.068 0 scram reboot 
stalling 0.002 3.158 0 20.09 scram check engine 
stalling 0.003 3.1446 0 20.18 scram check engine 
slipping 0.065 0 0.064 0 starting failure gear oil 
slipping 0.069 0 0.067 0 starting failure gear oil 

 
Table 2. The diagnosis result of off tracking. 

 
Phenomena The feature vectors of diagnosis process Reason Solution 

 
0L  ML  ML  MAXS  λ  χ    

Off tracking 160 80 200 -0.08 -0.067 0.069 Partial migration No need to 
adjust 

Off tracking 0 60 0 0.06 0.061 0.064 Head migration No need to 
adjust 

Off tracking 20 40 20 -0.04 -0.032 0.035 Partial migration Adjust the 
head 

Off tracking 0 40 0 -0.18 -0.089 0.092 Side migration Reboot the 
conveyor 

Off tracking 1060 40 1060 0.05 0.035 0.036 Tail migration No need to 
adjust 

Off tracking 0 80 0 -0.18 -0.091 0.095 Side migration Scram 
 
 

Table 3. The diagnosis result of damage. 
 

Phenomena    Reason Solution 
 z  x  P    

Damage 0.128 0.16 1.03 Broken hole No affect 
Damage 0.091 0.11 0.50 Broken hole No affect 
Damage 0.110 0.29 1.6 Broken hole No affect 

Damage 0.109 4.75 25.88 Tearing apart Scarm to 
repair 

Damage 0.121 0.27 1.63 Broken hole No affect 
Damage 0.116 0.03 0.17 Broken hole No affect 

 
 
The accuracy of the diagnosis of the off tracking 

is 97.6 %. Only one mistake is happening in all the 
tests, the reason of the mistake is due to the wrong 
solution coming from the mix of the Partial migration 
and Head migration. The phenomena of off tracking 
are obviously cut down by our system. Before using 
the system, the occurrence of heavy off tracking is 
almost 30 %, after adjust the system, the heavy off 
tracking is reduced by 76 %, the occurrence is 7.8 %. 
The number of the scram and emergency are 
decreased by 76 % as a result of the  
accurate diagnosis. 

The accuracy of the diagnosis of the damage is 
almost 100 %. The system can distinguish the broken 
hole and tearing apart precisely. The early diagnosis 
of the broken hole and reparation reduce the tearing 
apart accident and the total number of tearing apart 
take 6.6 % of all the damage, which 90 % less than 
before. The number of the scram and emergency are 
decreased by 70 % owing to the early diagnosis and 
alarming of the conveyer damage. 

The system focus on the damage diagnosis of the 
conveyor, which stand in the engineering application 
point of using the ontology data base to formulate the 
stalling, off tracking and damage accident mode of 
the conveyor based on the classification of the failure 
mode, is improve the accuracy of the diagnosis by a 
large margin. The occurrence of the scram and 
emergency are decreased by 70 %, the reliability of 
the transferring system is greatly increased. 

 
 

4. Conclusion 
 
Our research have offered new diagnosis method 

and system based on the ontology data base for the 
conveyor and make a deep study in the key 
technologies. The following works have been 
finished in our research, the relation formulation 
among phenomena ontology, reason ontology and 
solution ontology of damages, the efficient service of 
damage diagnosis based on the relations and 
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deduction between unit damage ontology and other 
units ontology, the support to interoperation of 
damage diagnosis. The damage diagnosis system is 
formulated based on the ontology and tested in the 
coal-transfer terminal in shanghai. The result of the 
conveyor test made in steel wire rope show the high 
efficiency of the diagnosis system based on the 
ontology and the reliability of the transferring system 
is greatly increased. 
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