H46% 5510 W &/ L F O M Vol. 46 No. 10
2025 4F 10 H Chinese Journal of Scientific Instrument Oct. 2025

DOLI: 10. 19650/]j. cnki. ¢jsi. J2514095

EiL RAG WBER M KBV BIZF B RIS H

AAN Foa Ben &% RS
(L AEE S MR KA 5ok TR 22 dbaT 100191 2. db RS AR K2 A shibkl2E
HEATE¥%E b 100191)

BRI A KR A G B i P S BB R o , ot A2 T (4 R BRAS R 5 AT e MR B R T P28 R, SO IR
IR RERL BT, AR Ge AR TR (KG ) MBS oy 8 FH RS B (LLM) S5 e 82 Wi i Lol MR 2 A 2R 3 i
A (RAG) £ AR SCICHEHLBE 15 BIR A 1) R, At H — P AR 29 sRBR B (1 11 RAG X2 Wi vk, — T, AL T 4 )22
ARARHESL 3 1 ARARTE A AR /R 2] SEER LIM X Z2 U502 Wi AR A BT Al B, 5 35 T 24 A 5 o AR 28 A U2 4 10 BB A o 52
PRI E RS B S AR BT, H M — LB IS W AR B RS 2R 88, 53— 7T, 25T LLM 53] [ S B A B9 SR AR R 45 B
2 1) PRI RV AR S0 0 | 645 B TR T i A s A48 B A 0 [ R, A6 ot /5 3 o 7 PR S5 A AR AR 5 S 4R 7
FH LLM SR i 5 406 5 A i8R s 40t . LIOR A3 IRENHLIG (SADA ) W7 SCA FMEA s RIS TEXT 4 | 3 i AR TE ALY
PR IA] A BIE A LM SIBGS Wil B, dE— L85 & nT LIRS SE T2 a2 45 SR 3R B A L TR 48 RAG 7k, 45 A ilE+ &
B RAG J7 W10 BER B2 BT TR) 2 v A SR F1 3 EERE T 70 88% 18 SURIUE IR T 11. 60% , LI A AiErfa Itk | 7] e ke
PEBIL TN LLM J57755 RAG 7k, I RERHLEL I & M0 BE AL RIS Wi it T e S 1% 5 H R IR A%

KR MRSV IS W FUEE kR IG5 ARl KR S R

hESES: THI7 ERERIZAG ., A ERIREFR R, 460. 40

Fault diagnosis for spacecraft electromechanical devices enhanced
by knowledge graph-RAG
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Abstract: The high coupling of components and the concealed nature of cascading faults in spacecraft electromechanical devices impose
stringent demands on the reasoning efficiency and interpretability of fault diagnosis systems. To address the challenges of high
construction costs associated with traditional knowledge graphs (KG), the lack of domain-specific expertise in general-purpose large
language models (LLM), and the insufficient associative reasoning capability of retrieval-augmented generation ( RAG) in textual
knowledge-driven intelligent fault diagnosis, this study proposes an ontology-constrained knowledge graph-RAG fault diagnosis method.
Firstly, a four-layer fault diagnosis ontology framework is constructed. Utilizing ontology-injected prompt learning, the LLM achieves
standardized extraction of multi-source diagnostic knowledge. A dynamic integration and updating mechanism for the knowledge graph,
based on dual-layer similarity calibration involving character comparison and an embedding model, is implemented to autonomously build
an integrated diagnostic knowledge graph base. Secondly, leveraging entity fuzzy retrieval that combines LLM and word embeddings,
along with a power-encoding-based instant knowledge graph distillation method, the approach incorporates fault subgraph structural
features and contextual knowledge while visualizing fault propagation paths via graph nodes. This significantly enhances the logical
completeness of fault root cause analysis and maintenance strategy generation by the general-purpose LLM. Validation using diagnostic

texts and FMEA tables of the solar array drive assembly (SADA) shows that, compared with traditional RAG methods, the proposed KG-
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RAG method combined with fault subgraphs improves the keyword F1-score by 70. 88% and semantic similarity by 11. 60% in intelligent

diagnostic Q&A. The results show superior accuracy and interpretability over using LLM or RAG alone, providing substantial theoretical

support and a technical pathway for intelligent fault diagnosis of spacecraft electromechanical equipment.

Keywords ; spacecraft electromechanical devices; fault diagnosis; knowledge graph; retrieval-augmented generation ( RAG); large

language models (LLM)
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Table 1 Definition of ontology entity types for spacecraft
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Fig. 1 Construction of fault diagnosis knowledge ontology
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