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Fig.2 Knowledge graph of equipment operation and maintenance

TEBL S is 2 P L e vh AT 3 LT R=(R,,R,,-,R,), (3)
9 RIEIAR (VLA T NGBS (17 PR (A S=EXRXE, (4)

J& SHE BEAE) L 42 WURME, sk m et S0P KG Dy il SR e b =g A A R AR
FRRFMIFL 2 % 3, AU LIE = td IEIIE. s E A R SEAREE G R W R BRI AR
FAEBE AR BRI . B35S NEAN TR R R =TT RS e,
KG=(E,R,S), (1) jﬂ n NS A, S n DR RS
=1 (e e,me,) (A Ay A, (2)

x2 KEBEME(TH)
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Fig. 6 Interface of intelligent operation and maintenance platform for equipment in pumped storage power stations
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Fig.7 Subjective expert evaluation results
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Fig.8 Comprehensive comparative analysis results

RS HTERMY RS 5 KR S BALRE 1A
TEH AME . DeepSeek A5 53 1o 55 £k i BH i 2 R AR
T LY e KU H [R] s 32 BR T TR, A R
4t 38 17 R S DR Sl AR 4R SEEL T S TR A
% LAZE R AR RXT LLM 78 S5 55 A b 78 Frg
SRAEFH, AR T LLM 78 &l 4008 56 15 B0
B3R AR AN TR A R R, R A
TERELARSC R A HRHLE, BER R T LLM 1Y%
FEAHERROLA, ORI T B B oAk 32, A

SEIRLRA TRUE T AT E AR BT LLM S0 8838 N7 14
5 T S EEAE T, DA B A AR B S DeepSeek
BRI 7k B A R
4.4.4 BFEHBIELR

KG-DS QAS BRI 25 - W3 8, R G FH
FEBT 29 12 s, % i SCAR &8 35 597 tokens (4
49.75 tokens/s) . TEALFRIG [A]BIRY | 12 22 46 ~F- 12 M)
D] A 6. 65 s 1M 7 Ab BEAK: ) REEA, g oz st [i]
GERZE 34 s, (HAT I AL HL 0 s 2 3 B 0 S



55 47 55 3

TS 4 RS AR ERE 5 DeepSeek fHHE HL M 551 4 7)1 24 RS9 121

Ko KG-DS QAS Z Gt IR T8 b1 7570 16 I i 4
Y st SEPRTs R, T DL 3 A 2\ B ) SCRY G
R, 46 = N 5L ARG R 5 A S A 1 e
FE AR T iz 4 T AR N B4 Bl g 3R i) e
B

®8 RHMBIEER

Tab.8 Timeliness validation results
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Research on a Question-Answering System for Equipment Operation and
Maintenance in Pumped Storage Power Stations Based on Integration
of Knowledge Graph and DeepSeek

HU Hao"**, ZHANG Xingkui’, CUI Zhengyan'*’, ZHANG Haoyu®, XU Zhaoyi’

(1. Yellow River Conservancy Technical University, Kaifeng 475004, China;
2. North China University of Water Resources and Electric Power, Zhengzhou 450046, China;
3. Henan Engineering Research Center of Project Operation and Ecological Security for Inter-Basin

Regional Water Diversion Project, Kaifeng 475004, China)

Abstract ; [ Objective] This study develops an intelligent question-answering system that integrates a large language model
with a domain-specific knowledge graph to address challenges such as inefficient domain knowledge retrieval, weak decision
support, and insufficient professional accuracy of large language models. This system provides operation and maintenance per-

sonnel with real-time, precise, and scientifically standardized auxiliary decision support. [ Methods] First, a knowledge
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graph applicable to the operation and maintenance of pumped storage power station equipment was constructed, enabling a
systematic representation of equipment operation and maintenance knowledge for the power station. Second, a two-stage
knowledge retrieval method was innovatively proposed, deeply integrating the knowledge graph with the DeepSeek large lan-
guage model to design and implement the KG-DS QAS, a question-answering system for pumped storage power station equip-
ment operation and maintenance. [ Results] (1) KG-DS QAS achieved precision, recall, and F1 scores of 0. 85, 0.87, and
0. 86, respectively, on the BERTScore evaluation indicator, demonstrating outstanding stability and accuracy. (2) The aver-
age score in the expert subjective evaluation was 4. 65, and the overall performance significantly outperformed benchmark
models (Model Q, Model D, Model L) of the same parameter scale (7B). (3) In timeliness verification, the system’s aver-
age processing time was 12 seconds, meeting the real-time requirements for on-site operation and maintenance. [ Conclusion ]
KG-DS QAS achieves precise adaptation and application in the field of equipment operation and maintenance for pumped stor-
age power stations, providing insights and demonstration for the application of knowledge graph technology and large language
models in this domain. Future development can extend from equipment operation and maintenance to full-lifecycle manage-
ment of power stations, covering planning, construction, and operation, to build a multidimensional and multimodal integrat-
ed intelligent management system.

Keywords; pumped storage power station; equipment operation and maintenance ; knowledge graph; DeepSeek model ; ques-

tion-answering system





