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Vibration Analysis of an Amplitude Proportional
Friction Damper System

Dong-Hoon Park’, Myung-Jin Choi

ABSTRACT

An Amplitude Proportional Friction Damper (APFD) is considered in order to improve the characteristics of
Coulomb friction damper. The frictional force is proportional to the amplitude in APFD system and the system is
non-linear as is Coulomb damper system. A free vibration analysis on the 1-DOF system has made to demonstrate
the characteristics of the APFD system. The results show that APFD system has similar damping characteristics to
the viscous damper. Also, the solution for the response of a base-excited system with APFD is developed through
the application of a Fourier series to represent the frictional force of APFD. It is assumed that no stick-slips occur
during any portion of the steady-state oscillation.
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Free Vibration Analysis (X731 3814]), Base-Excited Vibration (AA|% 7}XZ%),  Fourier
Series (72l ¥<), Transmissibility (3E8)

JlsMdy
m = mass (kg)
- Free Vibration Analysis - k = spring constant (N/mm)
t = time (sec)
T = period (sec)
®n, = undamped natural frequency (rad/sec)
_ (k/m)m
n = d / k (dimensionless)

F = friction force (N)

= proportional coefficient of APFD (N/mm)
amplitude or displacement (mm)

Xo = initial amplitude (mm)
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X = velocity (mm/sec)
% = acceleration (mm/sec?)
X = changes of amplitude (mm)

wq = frequency (rad/sec) = wn - (1-n)"?
o4 = frequency (rad/sec) = o, - (H—n)”2
0 = 04 / 04
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- Base-Excitation Vibration Analysis -

x = forced excitation of the base (mm)

y = displacement of mass (mm)

z = relative displacement between mass and
base (mm) =y - x

0 = base excitation frequency (rad/sec)

® = phase angle by which z lags x (rad)

F(t) = frictional force expressed as a function
of time (N)

F, = friction force at maximum amplitude (N)

B = frequency ratio (dimensionless) = 0 / 0,

G = friction damping factor = F, / kx,

Xo, Yo, Zo = maximum amplitude of x, y, z

(mm)

Wy = energy loss per cycle (N-m)

Ceq = equivalent viscous damping coefficient
(N-sec/mm)
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Fig. 1 Friction force of an Amplitude Propotional
Friction Damper (APFD)
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Fig.2 A vibration system having an APFD
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Fig. 3 Phase trajectory of an APFD system (n=0.5,
m=1, k=1, x,=1, X-axis : Displacement,
Y-axis : Velocity)
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Fig. 4 Displacement versus time of free vibration of
an APFD system (n=0.5, m=1, k=1, x,=1,
X-axis : Time, Y-axis : Displacement)
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Fig. 6 Friction force of an APFD
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Fig. 7 Vectorial representation of the relation
between x,, yo and z,
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Fig. 8 Transmissibility of APFD system (G=0~1.0,
X-axis : B, Y-axis : Transmissibility)
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Fig. 9 Transmissibility of APFD system (G=1~10,
X-axis : B, Y-axis : Transmissibility)
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