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Submarines pose a high risk of catastrophic incidents that may result in significant loss of life and severe degradation of strategic
capabilities, In this context, the systematic management of Critical Safety Items (CSls) is a fundamental requirement throughout the
design, construction, and operational phases of submarines, However, conventional CSl identification approaches have largely relied
on expert experience and qualitative judgment, which may limit objectivity, consistency, and traceability when large volumes of
heterogeneous technical documents are considered, This study proposes a large language model (LLM)—based methodology to
address these limitations and enhance the rigor of the CSI derivation process, The proposed approach leverages diverse and
authoritative reference sources, including the NATO Naval Submarine Code, SUBSAFE, NAVSEAINST 9078.1/2, MIL-STD—882E,
domestic submarine design documents, and quality assurance data, Based on these inputs, CSls are systematically and objectively
derived through an LLM—driven analytical process, Within the proposed framework, submarine expert—driven prompt engineering
and Retrieval—Augmented Generation (RAG) techniques are employed to enhance domain specificity, evidence traceability, and
analytical reliability, Considering the current limitations of generative Al technologies, the reliability of the LLM—based analysis is
reinforced through expert—led selection of critical safety functions and cross—validation of the derived results, The proposed
approach reduces potential omissions in experience—dependent methodologies and enables the systematic and evidence—traceable
identification of CSls, thereby supporting a more robust and objective submarine safety management process,

Keywords : Submarine(Z4=8!), Large Language Model(CHEHHZ2Z), Critical Safety Items(ZFRFES), NATO Naval Submarine
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Table 1 Arrangement for equipment — partial extract

Equipments
Combat system Snorkel flap Pump
Propulsion motor Mast Switch board
Attack periscope Weapon system Propeller

Navigation system Diesel engine | Optronic mast
Lithium battery system Radar Hatch
Communication
Sonar system Echo sounder
system
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Table 2 Critical safety function based on NATO NSC

Tier 2 Functional objective &
NATO N . }
System O NSC Tier 3 Performance Requirement
« Maintain a safe state at the maximum
shock design level
General « Consider the submarine’s operational
requirements| conditions during surface running,
(6 items) submerged operation, periscope—
depth operation, and snorkeling
« Satisfy the applied load conditions
acting on the propeller and shafting
system during surface running or
Structure submerged opgratlon -
.  Satisfy the applied load conditions
(7 items) . .
acting on the mast, periscope, and
other appendages during surface
running or submerged operation
Buoyancy, | ¢ Watertight integrity function
restoring « Static control function, including
buoyancy & maintenance of the center of
control buoyancy in accordance with
performance appropriate tank capacity
(3 items) | » -
* Maintain heading and attitude in
Engineerin the event of flooding or fire
9 9. Provide ventilation for hazardous
system ) .
Sub— (13 items) areas with potential flammable or
marine explosive atmospheres
. » Capability for the submarine to be
Ship
operation towed or to tow another vessel
Zystem » Capability to moor without using
) its own propulsion system
(3 items) e prop y
* Reduce the spread of smoke and
toxic effluents from the fire—
Fire safety affected compartment
(8 items) | « Fire detection and alarm function
» Fire suppression function
Escape .
Pe, » Casualty transfer capability
rescue, o
) * Passage/egress capability to enable
evacuation, - i
) efficient evacuation
and survival .
(6 items)
* External communication capability
for maritime distress situations,
. including distress signal transmission
Communi— . : 8
cation * Capability to disseminate emergency
. notifications via internal
(4 items) o
communication
systems/equipments
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Table 2 Critical safety function based on NATO NSC
(Continued)
Tier 2 Functional objective &
System | NATO NSC Tier 3 Performance Requirement
» Capability to determine and input
Navigation speed. Iand route . '
(6 items) . C@pablhty to determme and input roll,
pitch, and heading
« Fire detection, alarm, and response
Dangerous capability
Sub- .
marine gqods * Gas ghd vapor leak detection
(3 items) capability
 Capability to control carbon dioxide
Atmospheric| (CO,) to maintain safe levels
control » Capability to monitor onboard
(10 items) atmospheric composition
HAMCZ Hidsp| Lo, ME7tel Tt MRIE 24 Za|e

3ol Z3ks1%C
THMozE st jatk 24 T2

MEmo= Jlolsks HEE M A, o
_I

CF. ofgE| LLM %2 o] amd, The,
L .

o2t ZETE Yl JIE HIS S, LLMe| £E Zap}
S% 2A 2742t I} HE0l s AT & AUTS S0,

Table 3 Submarine expert-based prompt design
Division Specification for prompt engineering

» What actual accident cases have been
caused by the identified risk factors?

* In the context of MIL-STD —-882E accident
risk classification guidelines, does the
hazardous situations correspond to
catastrophic (Severity 1) or critical (Severity

Identification

faf(;{OI:SSk& 2) failure?
+ For the identified hazardous situations to
hazardous . )
. . occur, which function of the on-board
situations

equipment related to no-sail conditions
must be lost?

To prevent hazardous situation arising from
risk factors, is the identifiedd hazardous
situations included within SUBSAFE?

* How many accident cases have been

Quantitative associated with the identified hazardous

occurrence o
frequency of situations?

9 y * How many failure records during the
hazardous . . )

. ) operational phase are associated with the
situations

identified hazardous situations?

Table 3 Submarine expert—based prompt design (Continued)

Division Specification for prompt engineering
+ Can the identified hazardous situations
Quantitative cause the submarine to cease operation?
. * Can the identified hazardous situations
severity of ) :
the prevent the submarine from submerging or
hazardous surfacing?
situations * Does the identified hazardous situation
violate the requirements specified on NATO
NSC (ANEP-102)?
. * The extent to which risk factors, through
Correlation ; . ' )
) functional linkage or situational
between risk " )
dependency, conditionally triggers or
factors and . .
aggravates hazardous situations by
hazardous . ) .
L leading to the absence or failure of specific
situations : )
submarine functions
Correlation | * The extend to which the state of ‘critical

between risk
factors and

safety function A’ acts as a risk factors
and affects ‘critical safety function B,

critical such correlations focus on system—level
safety and systemic inter—dependencies as well
function as cascading effects
Correlation | = The extend to which the on-board
between equipment is required for the
critical implementation of the critical safety
safety function, the extent to which the on—board
function and equipment provides and supports the
on—board conditions necessary for performing the
equipment critical safety function
» Causality: The extent to which risk factors
Criteria for directly trigger hazardous situations
the » Occurrence correlation : The extent to
correlation which risk factors and hazardous situations

between risk
factors and

occur simultaneously or are closely related
in occurrence

hazardous | ¢ Functional relevance: The degree of
situations functional association between risk factors
and hazardous situations
Cntet;: for * Impact on human safety: The potential
. extent to which the combination of risk
correlation

between risk
factors and

factors and hazardous situations directly
affects crew life or safety
Co-occurrence frequency: The extent to

critical which risk factors and hazardous situations
safety appear together in context
function PP 9
.  Direct functional contribution: The extent
Criteria for . , , .
the to which the item directly implements or
correlation performs a specific CSls
* Irreplaceablility: The extent to which the
between :
o on—board equipment can or cannot be
critical )
safet substituted or supported by other
function yand equipment
» Safety impact: The degree of severity on
on—board )
. safety when the on—board equipment loses
equipment

its function
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Table 5 System configuration

Model Specification
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