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Abstract

The objective of condition-based maintenance plus(CBM+) is to improve the availability and maintenance
efficiency of missiles, bolstering national defense capabilities. This study proposes an application of CBM+ to
enhance the reliability and the safety of missiles, which are the devices typically stored for long durations. CBM+
does not only contribute to defense capabilities, but it also aims to reduce maintenance costs. This study focuses
particularly on the dormant stage of the missile life-cycle, in which various failure modes and environmental
impacts on failure mechanisms are investigated. The effectiveness of maintenance strategies and the implementation

of CBM+ is evaluated using simulation data.
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Table 1. Analysis of degradation factors in missile systems

Component | Failure cause Failure Mechanism and Mode
The structural integrity of the missile can be damaged by tensile forces applied to the
Shock structure during handling, transport, and hoisting.
Body ’
structure T?Inpe_r?ure, The aging of the missile's O-ring seal components is accelerated by long-term exposure to
umidity high-temperature and high-humidity environments, resulting in reduced air-tightness,
corrosion, and rust on internal and surface paint layers, connection screws, etc.
Warhead Temperature, | High-temperature and high-humidity environments induce the chemical decomposition of
Humidity | ammunition, leading to ignition, damage, and defects in the missile.
Enei Tempe.r AL, | e structural integrity, sealing, flight range of the explosive, and guidance of the missile
ngine Humidity, . S
S are affected by temperature, humidity, and vibration.
Vibration
Guidance Terpperz_lture, Optical fiber materials degrade due to external shocks and pressure, and adhesive drift
Vibration, M . . e
System Shock effects occur due to temperature and vibration, thereby affecting the guidance precision.
Servo Tel?; ?;rigt;lre, The accuracy of the machine decreases due to the missile's storage, power unit
Mechanism o performance testing, temperature, friction, and resonance.
Vibration
Tem Temperature, humidity, and vibration cause open circuits and short circuits in the computer
. perature, - .. AN . .
Electronic Humidity and control circuits mounted on the missile, resulting in digital circuit failure.
instrument T
Vibration | e resistance increases due to long-term thermal degradation of battery chemical materials.
Table 2. Summary of health management studies for missiles
Title Author Year Summary
Applications of Service Life Used ARDEC's integrated approach to determine and
Prediction for US Army J. Cook!"? 2010 | forecast the health index of the ammunition system, then
Ammunition employed CBM and PHM technologies for enhancement.
A Concept for PHM System for Analyzed degradation factors of the tactical missile
Storage and Life Extension of L.Junetal® | 2014 | components and predicted the lifespan using the
Tactical Missile GM(1,1).
A Method Study of Missile PHM Set the failure model weight of the missile's life
Based on Analytic Hierarchy Y. Linetal"™ | 2015 | through AHP (analytic hierarchy process) and predicted
Process it using Metabolism GM(1,1).
Study of Key Technology and Pert_”ormed comprehens_lve analysis of the missile's
4 6] environmental, inspection, and recorded data to evaluate
Architecture of Health Management | R. Zhao et al. 2017 | . . -
for Missile Equipment its hgalth. Used SVM for failure predlctlon apd. a
combined GM-BPNN model for lifespan prediction.
Missile Health Status Assessment Established health indicators based on the impact of the
Method Based on Hierarchical Y. Liu™ 2021 | missile's components on its overall function, and
Model assessed the missile's health through these indicators.
Life Prediction Method of Missile Conducted a simulation using the collected temperature
Based on Environmental Load X_ Shan™! 2021 and humidity load spectrum to derive the missile's
Spectrum of Shipborne Tilt ’ reliability function via the markov chain monte carlo
Launching method, and predicted its lifespan.
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Fig. 1. CBM+ process for missile
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Table 4. Health index for dormant missiles

Index Range Actions

The missile is maintained in
an optimal operational
condition, thereby
necessitating no further action.

Good | 100>Score>70

The missile, being in a
standard operational state,
necessitates scheduled
maintenance activities.

Normal | 70>Score>50

The missile has exhibited a
degree of deterioration, which
warrants its inclusion as a
target in future inspections.

Attention | 50>Score>25

The missile, found in a

Bad 25>Score>0 | severely deteriorated state,

requires immediate inspection.
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