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Nonlinear vibration of the CRT shadow mask with impact damping wires is analyzed in
consideration of the mask tension distribution and the effect of wire impact damping. A reduced
order FEM model of the shadow mask is obtained from dynamic condensation of the mass and
stiffness matrices, and damping wire is modeled using the lumped parameter method to effectively
describe its contact interactions with the shadow mask. The nonlinear contact-impact model is
composed of spring and damper elements, of which parameters are determined from the Hertzian
contact theory and the restitution coefficient, respectively. The analysis model of the shadow mask

with damping wires is experimentally verified through impact tests of shadow masks performed in a

vacuum chamber.
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Fig. 1 Tension shadow mask with damping wires
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Fig. 2 Comparison of the mode shapes obtained
from (a) Experiments and (b) FE analysis
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Table 1 Comparison of natural frequencies for

two models
Full model 106.3 | 111.1 | 1157 | 180.3
Condensed model | 1065 | 1116 | 1165 | 189.2
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Fig. 3 Relative displacements between the sha-
dow mask and damping wire in the x,
vy directions captured by a high—speed

camera
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Fig. 4 Analysis model of the shadow mask and
damping wire
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Fig. 5 Comparison of impulse responses of the
shadow mask (a) in vacuum and (b) in
the air
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Fig. 7 Schematic figure of the experimental set
up
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Fig. 9 Measured impact forces used to get
responses of the shadow mask (a) w/o
wires and (b) w/ 3 wires
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