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Figure 2 Construction process of wind turbine

knowledge graph
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Figure 5 Fault tree analysis of hydraulic

brake system

AL 1 AT 32 MRS S 9
R TR A 2R RS X, Ko ]
FUER] B, 5 D, %R, 0 14 N E 5 % o
Xo b AXGE EXEIXGE X X X
DTS ENE D CTH ENED €75 INE D (8 SN P, V4 BN P. 00 %\%Xm
Y CPRINE D CTR INE D (S ENE D 6% ENE D. C78 INR D. €' NR D 68
% CTRLED 6% ENIR D 695 SN P. €55 NI D. 6% RN D 9 BN . 6
X Xy to MRRBERBA A= X +X, +X, +
X, + X, + X, + X, + X, +X, + X, + X, +X, +X, +
Xy v X+ X + X, + X+ X+ X, + X, +X,, +

Xyl
N
N
N



% 6

WR 45 5 T AR B ) KUl DL 2E 12 W R e 2 A5 R 57

X
X

+ X, Xzs +X25 + X, + Xy +X29 +X30 +X31 +

23

320
K3 BRENFEREHEMEG

Table 3 Fault tree events of hydraulic brake system
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Figure 6 Wind turbine fault knowledge ontology
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Experimental and Calculation Model Analysis on Hysteresis

Properties of Magnetorheological Damper

ZHAO Jun, GAO Ning, LI Xiaopeng, LEI Bobo, ZHAO Yi

(School of Civil Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract; To study the mechanical properties of magnetorheological damper (MRD) , 11 groups of MRD mechani-
cal properties tests with axially cyclic loading were completed. The effects of current size, peak displacement, load-
ing rate and current control mode were considered. The variation law of damping force-displacement curve and
characteristics of each stage of MRD were analyzed. The results showed that the damping force at the peak point of
MRD increased linearly with the current. When the peak displacement was less than the initial displacement, the
MRD peak damping force was small, and when the peak displacement was greater than the initial displacement, the
MRD peak damping force was relatively stable; the damping force at the peak point of MRD increased with the in-
crease of loading rate; when the current was closed, the damping force of MRD would be rapidly reduced to 0 A. If
the power was continued, the damping force of MRD could still reach a stable state after a short loading displace-
ment. Finally, the calculation model of MRD damping force-displacement curve considering the influence factors
such as current size, peak displacement, loading rate and current control mode was established. It was verified that
the calculation curve was in good agreement with the experimental curve.

Keywords: magnetorheological damper; cyclic loading; damping force; damping force-displacement curve;

curve model

(#2560 TT)
Construction and Application of Wind Turbine Diagnosis System Based on
Knowledge Graph

CHEN Hong'*, CHEN Xincai', GONG Xiaobin®, HAN Dongyang', LIU Huajie'

(1. School of Mechanical and Power Engineering, Zhengzhou University, Zhengzhou 450001, China; 2. Department of Mechanical and
Electrical, Hami Vocational and Technical College, Hami 839099, China; 3. School of Mechanical and Electrical Engineering, Zheng-
zhou University of Light Industry, Zhengzhou 450000, China)

Abstract; To address the precision problems in wind turbine fault diagnosis and maintenance processes, the lack of
management of fault domain knowledge, and the large amount of historical fault data records left behind, a wind
turbine fault diagnosis system was proposed to be constructed in the form of a knowledge graph. Firsily, knowledge
extraction of fault texts was carried out by an improved named entity recognition model BERT-BIiLSTM-CRF. The
data set used text data of wind turbine fault cases and accident analysis in the past 10 years. And it was proved
through experiments that the improved entity recognition method was 2. 54% more effective compared to the tradi-
tional model in the wind turbine fault domain. The extracted knowledge entities were then structurally analysed. As
the traditional fault tree lacked purpose in actual fault reasoning, and each bottom event had different levels of im-
portance to the top event, it was proposed that the characteristic attributes of the fault was introduced, as branching
conditions, into the fault tree reasoning, to complete the fault tree qualitative and quantitative analysis, and the
fault mode impact and hazard analysis (FMECA ) were combined to refine the fault domain knowledge model. Then
Protégé development tools were use to complete the ontology modelling of the fault tree structure based on the six-tu-
ple concept, so that the constructed ontology knowledge base could meet the prerequisites for inference. Finally,
the visualization of knowledge model was realized by Neo4j, and the ability of reading and writing knowledge data
was improved.

Keywords: knowledge graph; knowledge extraction; wind turbine; fault diagnosis; ontology



