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» The damping may be inherent in a structure or material.
Unfortunately, the term "structural damping” has acquired a
special meaning: it now appears to mean "hysteretic
damping”, and cannot be used to mean the damping in a
structure, whatever its form, as the name would imply.

» Damping in conventional jointed metal structures is partly due
to hysteresis within the metal itself, but much more to friction
at bolted or riveted joints, and pumping of the fluid, often just
air, in the joints.
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» Viscoelastic materials, such as elastomers (rubber-like
materials, MR, AARIL), can be formulated to have
relatively high damping, as well as stiffness, making them
suitable for the manufacture of vibration isolators, engine
mounts, etc.

» The damping may be deliberately(¥ & #.) added to a
mechanism or structure to suppress unwanted oscillations.
Examples are discrete units, usually using fluids, such as
vehicle suspension dampers and viscoelastic damping layers on
panels.
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» The damping can be created by the fluid around a structure,
for example air or water. If there is no relative flow between
the structure and the fluid, only radiation damping is possible,
and the energy loss is due to the generation of sound. There
are applications where this can be important, but for normal
structures vibrating in air, radiation damping can usually be
ignored. On the other hand, if relative fluid flow is involved,
for example an aircraft wing traveling through the air, quite
large aerodynamic damping (and stiffness) forces may be
developed.
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» Damping can be generated by magnetic fields
The damping effect of a conductor moving in a magnetic field
is often used in measuring instruments. Moving coils, as used
in loudspeakers and, of particular interest, in vibration testing,

in electro-magnetic exciters, can develop surprisingly large
damping forces.
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Coulomb damping: g(%) = £y

Linear velocity damping: g(%) = v1x

Velocity squared damping: (%) = vpx|X|
nth-power velocity damping:  ¢(%) = v,%|x|" !

vVvyyvyyvyy

Structural damping/Hysteretic damping:  g(x) = —iyx, 7
A RIFILRFE

SLES, the damping force is proportional to the displacement,
x, but in phase with the velocity x.



» Linear velocity damping
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TABLE 4.4 'Typical Damping Ratios for Various Systems and Materials

System/Material

Various metals in elastic range

Small diameter piping systems

Large building during earthquake
Large diameter piping systems

Welded joints and rigid metal structures
Prestressed concrete structures

Metal structures with joints
Transmission lines (aluminum or steel)
Reinforced concrete structures

Rubber

Bolted joints

Shock absorbers

Damping Ratio

<0.01
0.01-0.02
0.01-0.05
0.02-0.03
0.02-0.04
0.02-0.05
0.03-0.07
0.04
0.04-0.07
0.05
0.07
0.30

(%L Adams and Askenazi, 1999)
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Comparison of the frequency response of a single-DOF system with: (1) a
cocfficient of 0.02 and (2) a hysteretic damping coefficient of 0.04.
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» Rotating systems such as helicopter rotors, where centrifugal
and Coriolis forces can lead to damping coupling between the
modes.

, Where large cross-damping terms can arise from
aerodynamic forces. The k method was devised to avoid the
use of the complex eigenvalues and eigenvectors.

» Systems such as vehicle suspensions where discrete hydraulic
dampers may couple the modes.

» Some buildings and off-shore structures where the soil or
sea-bed damping can be large in relation to that of the
structure itself.
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EIRZEE, HARATEMAL, FFFEIRESRATRMA
FARE, REZRA:

» In a structure, the damping terms tend to be small, and
ill-defined, and although the damping may, in theory, couple
the modes, the eigenvectors are "nearly real” and the
undamped modes are a good approximation to the actual
modes.

» The damping can often be considered to be of the
proportional or Rayleigh type.
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