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Dynamic Characteristic Analysis of an Inertial Navigation System for
Guided Weapons Equipped with COTS Vibration Isolator
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Inertial navigation technology originally designed for precise guidance of missiles is widely used in weapon systems.
Guided missiles have become supersonic and high maneuverability with advancement of science and technology. Anti-
vibration performance against high vibration and shock energy is accordingly required. Sensors of an Inertial Navigation
System (INS) have a high sensitivity. Conversion coefficients for acceleration values and bias errors in signals must be
minimized. A vibration isolator is generally applied to protect INS by attenuating the vibration and shock energy transmitted
from dynamic disturbances. The stiffness and damping are changed using highly damped materials such as elastomers
that must be protected from disturbances. A vibration isolator is widely used in various fields. However, it is important to
understand characteristics of a vibration isolator composed of elastomer because it has nonlinearities such as hyper-
elasticity and viscoelastic as well as damping characteristics. In this study, a COTS vibration isolator suitable for INS was
selected through theoretical approach. Response characteristics of the system in a vibration and shock environment were
analyzed through FEM analysis and vibration and shock test. In addition, through repeated excitation test, reproducibility
and structural stability were confirmed when the vibration isolator was installed in the system.
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NOMENCLATURE w = Weight (/b)
C = Damping Ratio
fy = Natural Frequency S, = Random Vibration Magnitude (G°/Hz)
fns = Natural Frequency at Shock Condition g, = Equivalent Input Acceleration (30)
fs = Damping Frequency 2,35 = Equivalent Output Acceleration (30)
k' = Dynamic Spring Rate X, = Input Motion
k., = Equivalent Stiffness T = Shock Pulse Length
Tp = Resonant Transmissibility d, = Shock Deflection
Ty = Shock Transmissibility G, = Shock Response
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Table 1 Properties of COTS vibration isolator (AM005-08)

Dynamic axial spring rate (k4, Ib/in) 854.0
Dynamic radial spring rate (kg, Ib/in) 657.0
Max. dynamic input at resonance (in) 0.036
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Fig. 5 Mode shape on system

Table 2 Modal analysis results of system

J. (Hz)
1 mode 82.9

2" mode 1,944.0
3 mode 1,944.4
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