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Seismic response control of a piping system using a semiactive damper
with piezoelectric actuators

Hirokazu Shimoda. Kenichiro Ohmata & Fumiaki Okamoto
Meiji Universiry. Japan

ABSTRACT: The authors propose a new type of semiactive damper to control a seismic response
of a piping system. The damper is composed of a ball screw and a disk brake with
piezoelectric actuators. The brake force is controlled corresponding to the seismic
response of the piping or an input acceleration. The damper does not restrict the thermal
expansion of the piping because its brake force does not work during a gradual movement.
The seismic responses of a L-shaped piping supported with the semiactive damper are calcu-
lated using a continuous system simulation language. Numerical results show that the
damper can be used as an earthquake-proof device for piping systems practically.

1 INTRODUCTION cylinder(3) moves along the keyway(4). The

linear motion of the ball nut is trans-
An earthquake-proof device for piping sys— formed into a rotary motion of the screw
tems is required to restrain the movement shaft(5) and the brake disk(6). The brake
of the piping during an earthquake. At the equipment is composed of the brake disk and
same time, it is not allowed to restrict a brake shoe(7), a brake lever(8) and two
thermal expansion, being a gradual movement, piezoelectric actuators(9). The brake lever
of the piping. is used for magnifying the displacements of

The mechanical snubber, which is composed the piezoelectric actuators.

of a ball screw, a flywheel and a disk If a voltage is applied to the
brake, has been used as an earthquake-proof piezoelectric actuators corresponding to the
device for piping systems under high tem- response of the piping, the actuators expand
perature. However, it is complicated in its and push the brake lever, so that the brake
structure and it is not easy to adjust the shoe is pushed against the brake disk and a
response sensitivity of the brake mechanism. brake torque is generated in the brake disk.

In this paper, we propose a new type of
semiactive damper wusing piezoelectric ac-
tuators in order to obtain an earthquake-

proof device having simple structure and 1
large effect of vibration suppression. The 3
brake force is controlled corresponding to 2

the response of the piping or an input ac-
celeration. Seismic responses of a L-shaped
piping, which is fixed at both ends and sup-
ported with the damper at its bent section,
are simulated using a continuous system
simulation language. The restraint effect
and effective control condition of the i -
damper are also discussed. l

- ®
2 STRUCTURE OF THE DAMPER 7 ol L@
Figure 1 shows the construction of the semi- o = >
active damper with piezoelectric actuators g 8
which we will discuss in this paper. If a @ i
relative linear motion is given between ¥ @

the upper and lower mounting ears(l), the
ball nut(2Z) attached to the telescoping Fig.l Construction of the damper

2173



The main features of this damper are as
follows:

1. Brake force is controlled corresponding
to the response of the piping or an input
acceleration.

2. Resistance force to a thermal expantion
is very small because the disk brake does
not work during a gradual movement.

3. The construction of the damper is
simpler than that of the mechanical snubber.

3 EQUATION OF MOTION

Denoting the angle of rotation of the
screw shaft by 6, the equation of motion for
the damper can be written as

J6 + Tb sign(B) = Ts (1)
where J is the summation of the moments of
inertia of the brake disk and the screw
shaft, Tb is the brake torque of the disk
brake, Ts is the torque given by the ball
nut and sign(8) is signum which takes -1,0
or 1 corresponding to a minus, zero or plus
sign of 6. Relation between Ts in Eq.(1l)
and the axial force Fs acting on the screw

shaft, that is the resistance force of the
damper, can be written as
Ts = 27 s (2)
2

where 9 1is lead of the ball screw and 7 is
mechanical efficiency of the ball screw.
The brake torque Tb in Eq.(l) is given by

Tb = qruFh (3)
where Fb is the normal force that the brake
shoe exerts on the brake disk, r is the
distance between the center of the brake
disk and the brake shoe, q is the number of
the brake shoes, ¢ is the coefficient of
friction. Relation between 6 and the rela-
tive displacement u at the mounting position
of the damper is given by

0=02n/Q)u (4)
Denoting the absolute acceleration of the
piping and input accerelation by ¥ and ¥,
respectively, the relative acceleration of
the piping can be written as

=¥ - ¥ (3
Substituting Eqs.(2)-(5) into Eq.(l), we ob-
tain

Fs =8 2J(§-§,)+Bar u Fb sign(®) /7 (6)
where

ﬁ = 2”/9, (7)

Figure 2 shows an analytical model of the
L-shaped piping. The L-shaped piping is
replaced by an eleven-masses system and they
are linked by massless leaf springs. The
upper and lower mounting ears of the damper
are attached to the bent section of the
piping (that is, the ith mass) and the foun-~
dation respectively. Expressing the equa-
tions of motion in matrix form, we have

{ul=-[AT(IMI(y}+(F}) (8)
where {u}(={y}-{yu}) is the relative dis-
placement vector, (y)} the absolute displace-

ment vector, {yu) the displacement vector of
the foundation, [A] the influence coeffi-

cient matrix, [M] the mass matrix and {F}
the resiatance force vector, and they are
given by
{ul={ut, -+, unl’ (9)
{(yi={y1 coeon yn}T (10)
{ynl:ly"‘.‘....yH]T (l])
(A] = a'.':::::?'"] (12)
@nt* * * * * 3onn
mi 0
M] = mi+ B2 (13)
0 ° ma ’
(FI=1{0,-- fi,---, 0} (14)
fi in Eq.(14) is given by
fi=-f2]VutBaqrpuFo sign(d)/n (15

Using Eqs.(5) and (8), the equations of mo-
tion can be written as
(16)

{(U)=-[MI"*([AT" {u}+(F)-{yu}

4 SEISMIC RESPONSES OF THE L-SHAPED PIPING

The digital simulation for the seismic
responses of the L-shaped piping was carried
out using a continuous system simulation
language. Input accelerations used here are
El Centro(1940)NS and Akita(l1983)NS normal-
ized to be 2m/s* at the maximum accelera-
tion as shown in Fig.3. The numerical con-
ditions of the piping and the damper are
given in Table 1.

The brake force is controlled by the fol-
lowing six conditions:
Brake force is kept at zero or a constant
value Po corresponding to

(1) the relative displacement | ys |,

(2) the relative velocity | us |,

(3) the input accereletion |y |,
and the brake force varies in proportion to

Fig.2 Analytical model of L-shaped piping
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Fig.3 Input seismic acceleration

Table 1 Numerical conditions of the damper
and the piping
Out diameter 139. 88 mm
Wall thickness 6.6 mm
Piping | Weight 21.7 kg/m
Length Lt 3600 mm
Length L2 5200 mm
Lead of ball screw Q 10 mm
Moment of inertia J 1.86%x 1074
Damper kg-m?
Radius of brake disk r 60 mm
Coefficient of friction x |0.25

Displacement (mm)

Fig.4 Response of the piping without the
damper

(4) the relative displacement | us |,

(5) the relative velocity | us |,

(6) the input accereletion | yu |
where us and s are the relative displace-
ment and the relative velocity at the bent
section of the piping (that is, the fifth
mass in Fig. 2 ) respectively. The condi-
tions (1)-(3) and (4)-(6) are corresponding
to on-off control and proportional control
respectively.
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Fig.5 Response of the piping with the
damper under the control condition(1l)

The relative displacement time history of
the piping for the case without damper when
subjected to El Centro NS is shown in Fig.4.
The relative displacement and brake force
time history when the damper is controlled
by the condition (1) are shown in Figs.5-
(a) and (b) respectively. It will be seen
from Figs.4 and 5-(a) that the seismic dis-
placement response of the piping can be
successfully reduced by the damper.
However, the damper controlled by the condi-
tion (1) has such disadvantage that the disk
brake keeps working till after the seismic
disturbance as in Fig.5~(b), so that the
piping does not restore to its original
position. This means that the damper con-
trolled by the condition (1) restrict even a
gradual movement such as a thermal expansion
of the piping.

For the case of the control conditions (2)
and (6), the relative displacement, resis-
tance force and brake force time history
are shown in Figs.6 and 7 respectively. The
damper controlled by these conditions are
available for suppressing the seismic
response of the piping.

It will be seen from Figs.6-(a) and 7-(a)
that , the time history of the piping under
the condition (2) differs from that under
the condition (6) in wave shape. The reason
is that the brake controlled by the condi-
tion (2) cannot work when the relative
velocity response is less than a threshold
value as shown in Fig.6-(c). On the other
hand, the brake controlled by the condition
(6) always work according to the input ac-
celeration as shown in Fig.7-(c). As a
result, the time history of the displacement
responses in Fig.7-(a) is similar to the in-
put acceleration in Fig.3-(a).

The maxima of the relative displacements



Table 2 Maxima of the relative displacements and accelerations of the piping

and resistance forces of the damper

Control conditlion
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Fig.6 Response of the piping with the
damper under the control condition(2)

and accelerations of the piping at the
mounting position of the damper and the
resistance for:es of the damper for six
types of control conditions are summarized
in Table 2.

5 CONCLUSIONS

In this paper, the seismic response control
of the L-shaped piping by a semiactive
damper with piezoelectric actuators and the
effective control condition of the damper

Time (s)

Fig.7 Response of the piping with the
damper under the control condition(6)

are discussed numerically.

The results may be summarized as follows:

(1)The relative displacement response of
the piping can be reduced successfully by
the semiactive damper.

(2)The semiactive damper has the effect
of vibration supprression even by simple
control methods such as on-off control and
proportional control.

(3)The brake force required for an ac-
tuator is 50N at most, so that commercial
piezoelectric actuators can be used for the
semiactive damper.

2176



REFERENCES

Ohmata, K. 1987. Resisting force charac-
teristics of a mechanical snubber and its
restraint effect on beam deformation. Trans.
Jpn. Soc. Mech. Eng., (in Japanese), Vol.53,
No.492, C:1697-1703.

2177



