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As modemn warfare shifts towards electronic warfare and Intelligence, Surveillance, and Reconnaissance (ISR), there is an
increasing demand for stabilized gimbal systems mounted on tracked vehicles to operate reliably in harsh combat
environments. However, high-frequency disturbances generated by the vehicle can degrade the quality of the imagery
produced by these systems. To mitigate image blur caused by vibration, elastomeric isolators are used; yet, their nonlinear
behavior under shock and vibration makes performance prediction challenging. This study aims to model the nonlinear
dynamics of these isolators and identify the optimal configuration. Numerical simulations were conducted to pinpoint leading
candidate isolators, which were then tested through operational vibration and shock assessments on four isolators with
varying stiffness. The selected isolator achieved vibration attenuation of 83% on the X-axis and 72% on the Y-axis. It also
met a safety margin of 1.54 for the image sensor and demonstrated durability through endurance testing.
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NOMENCLATURE k = Static Spring Rate
k. = Dynamic Spring Rate
dy, = Shock Deflection ¢ )
. . ky = Shock Corrected Spring Rate
d, = Static Deflection : Random Vibati
. i = t t
d, = Total Deflection s nput Random Vibra 1on.
d = Deflection due to Vibration ! = Shock Input Pulse Duration
£, — Natural Frequency T, = Resonant Transmissibility
S = Shock Natural Frequency T = Shock Transmissibility
g = Acceleration due to Gravity w = Supported Weight
g, = Vibration Acceleration Output X, = Vibratory Output Motion
G; = Input Shock Level Grus = Root Mean Square Acceleration in g Units
G, = Shock Response Acceleration IE = Isolation Efficiency
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Table 1 Elastomeric isolator performance characteristics

Isolator Dynamic spring rate [N/mm]
No. Radial axis (X & Z) Axial axis (Y)
0 96.8 115.2
1 195.3 244.8
2 384.8 554.2
3 892.4 663.4
4 1969.8 1905.7
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Table 2 Predicted performance values of the isolators

Isolator No.
Section Axis
0 1 2 3 4

X&Z 35.2 50.0 70.2 106.9 158.9

Natural frequency f, [Hz]
Y 384 56.0 84.3 922 156.2
X&Z 1.0 0.6 0.3 0.2 0.2

Total deflection d, [mm]

Y 0.8 0.5 0.3 0.3 0.2
) X&Z 35 3.6 29 2.6 1.9

Shock deflection dy;, [mm]
Y 3.6 32 2.5 2.1 1.7
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Fig. 3 Test setup for performance evaluation of isolators
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Fig. 4 Vibration test input for operational performance
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Fig. 5 Shock test input waveform [14] (Adapted from Ref. 14 on the
basis of OA)
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Table 3 Isolator characteristics during operational vibration

Section Isolator No.
Axis Data 1 2 3 4
£, [Hz] 427 74.5 83.0 137.9
< T. 2.57 3.11 3.93 5.02
Grus 0.675 0.845 1.712 2421
IE 87% 83% 66% 52%
o [Hz] 435 73.2 106.2 152.6
v T. 223 2.81 4.36 5.49
Grus 0.767 1.071 1.241 1.715
IE 80% 72% 67% 55%
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Fig. 6 Vibration transmissibility graph during operational vibration
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Table 4 Shock test results for isolator (maximum shock responses)

Section Isolator No.

Axis 1 2 3 4
X [G] 82.9 46.3 442 434
Y [G] 82.1 45.0 445 42.6
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