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This paper develops a RAG (Retrieval-Augmented Generation)-based AI chatbot
system for aircraft maintenance training and derives application methods
through performance enhancement. To resolve the complexity of the vast
pipeline combinations involved in building a RAG-based chatbot system and to
devise application methods, an optimal technology stack applicable in Korea was
experimentally derived, considering factors such as the use of open source, Korean
language support, and securing commercial licenses. As a result of the study,
the proposed system improved the response quality index by approximately 38%
from 2.6 to 3.6 (based on a 5-point scale) compared to existing simple chatbots,
and significantly reduced the average response speed from the existing 17 minutes
and 54.83 seconds to 5.17 seconds. Through this, the applicability of an aircraft
maintenance training Al chatbot system was confirmed, which can help prevent
major aircraft accidents by reducing technician errors.

Keywords Intelligent Aircraft Maintenance Training System, Al chatbot, Retrieval-
Augmented Generation (RAG), Large Language Model (LLM)
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Figure 1. An illustration in the translated UH-60 maintenance
document

0 Al A

&2 =

1 2{H2 LOCK(
b 24lNg)

S5 Ho| A

STl £ To] AAES DE| 2 O[] AJAET} ECU i DECE S8 ZSLICH 9| ENG RPM AFXIE &
20 ZEE A5 gp 0Q HH-60L =

INC == DECROI Cigt 27 M HeXig S 9Eo| ECU £ DECE HEHELCL 0] tzE ARIE 2} diEle] HMUE T7EoR ZHsi0] ATl
E2 Eftl &5 Np(% RPM 1 Ei= 2)2 57} Ei= 2044 02l 2E| & Nr(% RPM RTR}S 96%01 100% AMOIZ Z7HARILIC

TSI 21 o] 2 B0l Nr HAP} 1SRRI LICH Nr A OIRIZE| RPME ZIREILEY, O] 415 A 4 Kol
2 28 5 U] DECE HAED AVIE CAZ0IZ 2% S SDCE HEELIL.

Figure 2. Texts in the translated UH-60 maintenance document
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Table 1. Evaluation criteria for LLM/chatbot responses
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Table 2. System prompt
{"role": "system",
"content": ""You are an Al designed to refine and clarify user

questions for an aircraft maintenance specialist model. Your task is
to:

1. Correct any typos or grammatical errors while maintaining the
technical terminology.

2. Reorganize the questions to ensure they are concise and
contextually clear.

3. Maintain a professional tone suiTab. for technical documentation.
4. Do not provide any answers, solutions, or explanations to the
underlying question. Your sole purpose is to produce an improved
version of the user's question.

If the user asks for clarification on the APU, engine operation, or any
other technical topic, you must refrain from answering directly and
instead return a refined question.

5. Even if the user asks unrelated questions (e.g., greetings like
"Hello" or "What is your role?"), do not provide any information or
explanations. Instead, refine and restate the user's question in a clearer
and more concise manner without addressing the content. Your sole
role is to improve the question itself, not to answer it. """}
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Table 3. Comparison of the Value of Retrieved Chunks according to Chunkers and Retrieval Algorithms

Chuners Retrieval Algorithms BM25 S—BERT Héb%d Pgbsr;d Hgb;;d Averaggo?iunking
Fixed 3.60 3.50 3.95 3.90 3.80 3.75
Recursive 3.55 3.60 3.70 2.95 3.75 351
Semantic(percentile, 50) 4.10 3.85 3.75 3.80 4.00 3.9
Semantic(standard deviation, 50) 3.90 3.55 3.20 3.35 3.65 3.53
Semantic(interquartile, 50) 3.70 3.90 3.00 2.95 3.30 3.37
Semantic(gradient, 50) 4.05 3.70 3.65 3.60 3.80 3.76
Semantic(percentile, 80) 3.85 3.65 3.75 3.60 3.90 3.75
Semantic(standard deviation, 80) 3.25 3.60 3.70 3.55 3.65 3.55
Semantic(interquartile, 80) 3.20 3.45 3.10 3.05 3.60 3.28
Semantic(gradient, 80) 3.70 3.45 3.40 3.55 3.50 3.52
Average Retrieval Point 3.69 3.63 3.52 3.43 3.70
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Table 4. Performance evaluation scores by model before and after vLLM application
LM Response Quality (1 ~ 5) Time (sec.)
Fluency Coherence Accuracy Completeness Avg. Quality Avg. Total
RAGs
KULLM3 4.95 4.25 3.5 3.5 4.05 166.72 | 3,334.38
kullm—polyglot—5.8b—v2 1.00 1.00 1.00 1.00 1.00 46.07 921.49
Hansung-Bllossom—8B 1.95 1.85 1.35 1.4 1.64 70.48 1,409.64
eagle—3b—preview 1.25 1.25 1.2 1.2 1.23 65.16 | 1,303.20
egpt—1.3b—preview 1.3 1.25 1.25 1.25 1.26 29.26 585.21
Orion—14B-Chat-Int4 3.95 3.45 3.15 3.1 3.41 12.80 255.92
RAGs with vLLM
KULLM3 4.20 3.70 3.05 2.9 3.46 11.32 226.32
kullm=polyglot—5.8b—v2 1.05 1.05 1.00 1.00 1.02 18.12 362.47
Hansung—Bllossom—8B 2.30 1.60 1.10 1.15 1.54 20.80 415.96
eagle—3b—preview 1.00 1.00 1.00 1.00 1.00 40.04 800.71
egpt—1.3b—preview 1.25 1.05 1.05 1.05 1.10 19.50 391.00
Orion—14B-Chat-Int4 3.95 3.50 2.70 2.75 3.23 3.70 73.91
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Table 6. Average Response Quality and Generation Time for
Evaluation Queries

Category Elements MI;/EEZ ds Procedures | Terminology
Average Response Quality
Naive RAG 1.8 2.6 2.2 3.8
Improved RAG 4.2 3.0 3.4 3.8
Average Response Time (sec)
Naive RAG 413.04 906.15 2,745.78 234.35
Improved RAG 5.50 5.72 5.76 3.70
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Table 7. Responses of Naive RAG and Improved RAG in the
Terminology Category
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Table 8. Responses of Naive RAG and Improved RAG in the
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