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Abstract: Using the piezoelectric effect of piezoelectric ceramics,this article developed a new pie-
zoelectric friction damper based on semi-active control theory, and described its structure and
working principle. The ABAQUS finite-element model of the new piezoelectric friction damper
was established. By the model, the damper hysteresis curve was obtained under different condi-
tions,and a hysteretic damper performance test was conducted.Simultaneously, the finite-element
calculations and experimental values of the damper were compared.By comparing the hysteresis
curves of the finite-element simulation and the hysteretic damper performance test, the following
conclusions could be obtained. The hysteresis curve of the damper which installs one piezoelectric
ceramic actuator was full, and the friction energy performance of the new piezoelectric friction
damper was good;the hysteresis curve of the damper which installs two piezoelectric ceramic ac-
tuators was fuller than installing one piezoelectric ceramic actuator,thus by installing two piezoe-
lectric ceramic actuators,the friction damper could obtain better friction energy performance;the
cause of the deviation between the theoretical and experimental values was that the driver dis-
placement of the piezoelectric ceramic actuator was small and was affected by many manufactur-
ing factors;so the actual output of the damper was small. Then;a model of a new piezoelectric
friction damper installed on a power transmission tower was established by ANSYS;and the ac-
celeration response of the layers of the power transmission tower model was computed by MAT-

LAB.The friction energy performance of the new piezoelectric friction damper in the actual struc-
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ture could be verified. The following conclusions could be obtained through the finite-element sim-

ulation:the effect of the damping control of the new piezoelectric friction damper installed on a

power transmission tower was good,and the new piezoelectric friction damper had good practica-

bility. This article can provide a theoretical basis for the engineering applications of the damper.

Key words: piezoelectric ceramic actuator; piezoelectric friction damper; finite element analysis;

test study
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Fig.1 The piezoelectric ceramic actuator
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Table 1 Performance indexes of the piezoelectric ceramic actuator
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Fig. 2 The aoltage-displacement characteristic curve of
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Fig.3 The piezoelectric friction damper
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Fig.4  The internal structure of piezoelectric friction

damper
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Fig.5 The detailed structure of new piezoelectric friction

damper
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Fig.6 ABAQUS finite element model of the damper
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Fig.7 Displacement loading system
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Fig.8 Hysteresis curve of the damper with one actuator

installed
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Fig.9 Hysteresis curve of the damper with two actuators

installed
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Fig.10 The electronic universal testing machine
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Table 2 Performance indexes of the electronic universal
testing machine
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Hysteresis curve of the damper installing two actua-

tors through the experiment

AR L8l B 5% o S o 4 fh P IR 5 15 22 BT B,
RE A% B HE /0N n] i e 5 i B JE A% T 77 98/ 3 Fif
PG, T HMETRE N A a3 2 3 0 22 25 e 4544
G B i 1 K B v B A 1 JBE 4 RE RE TR BE

5 REFHEEFHEETHRBERIFRITON

Shy 9 VI BT 8D P JEE 45 BH T2 2 7 S5 PR 45 4 v ) R
PEFEREMERE X 22 e A R BHLJE #5% 110 i A5 e 35 455 780 3F
1A BRI T

T i A L IS LR B R ) ANSYS B .
12 Jlh A B IR AR R S) . 3% ] Beam188 22 ¢,
B R SFH 2 30 mm X 30 mm X3 mm X 3 mm;#
BB PE R 2.06 X 10" MPa, JARA R 0.3, % )&
7850 kg/m®, MERIFLINJR, 7E = DU )R RREA A
FHJE 25 1 A . 78 ANSYS £ R e 15 v, B2 48
R i R 9 fr A9 oK gh 24 X or L R 6 1k o
ik, il ANSYS R TiHH L $2 8 MATLAB
TG v T e 45 R 1 IO Sk R I L O R R B L RELJE R B
B Ar L 3B ANSYS A BR T A UL 13, R
MATLAB 528 88 2: F= gh il AE AL RL A X J7 1)
FHiA 0.2 g M 0.4 g iy El-Centro I , i J& 5 H #5
BRI IO 2 SR AT W ik B s v

AR FL BB R R S A S D 2 % o U
GEAR R 3. BRTRIRE . ASCHA M 0.2 g HRAE
FH R S5 A BRI SE — = DU 2 To 45 FNAg 1 B fim ok B 11
AP 2 (18 14) . 256G 38 3 MR 14 AT LAAS .Y
0.2 g.0.4 g W) El-Centro I /E A 76 #5845 ¥ | i,
BEL e #% XoF Hin 722 P, B 5 78 1 ik 72 4 ) 80OR R4, Hrh
G SR B IR R A, ORI . OB R R
F, R 462 HL 2 i 7 i A PR B RS R 5 4 1 3 ) D8RR K
SR LR A B JE 4 5 R A I EEEAERETERE L T

HARSH LA R4 A R

200160200
| |
N
= T
= 750
o
o

300
}L

=

=

1800
2220
2640
2960

600

600
'“""'—-u_______‘_\-h-_—
|

600

[

900

B12 wmEeRBEAR+TEHCEIL . mm)

The model size of the power transmission tower

=

fA

Fig.12

(unit: mm)

B 13 mEdie) ANSYS AR TAEER
Fig. 13 ANSYS finite element model of the power

transmission tower
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Table 3 The peak acceleration responses and descreasing
amplitude ratios (%) of each layer of the power

transmission tower model
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