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Abstract: A new type of pivot element bar included piezoelectric stack material was proposed. Its
applicability and suitability for the stability control of steel structure were also expressed. Basic
mechanical performances of the piezoelectric spar element under cases of electromechanical cou-
pling and electromechanical decoupling were considered with related structure mechanical theory.
At the same time, influence of the length of the piezoelectric material included in the smart active
spar element on static stability was quantitatively analyzed by numerical calculation. The results
show that the ultimate bearing capacity will increase obviously if considered the electromechanical
coupling effect; influence of the length of the piezoelectric material included in the smart active
spar element on the stability behavior dose not linearly increase, only in a certain stiffness optimi-
zation, the control might be effective.
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0 Introduction

As mentioned in reference [1], intelligent
structures are new structure types turned up in last
few years with functions of self-perception, self-di-
agnose, self-recovery and self-strengthening. The
key technology for utilizing stability control of
smart truss system is how to manufacture pivot el-
ement bar, and more important baffles are solved
as follows:

(1) Authors connect the single piezoelectric ce-
ramic pieces in series in mechanics and connect
them in parallel in electricity, so as to meet the de-
formation needs of structure outputting large dis-
placement; for the piezoelectric material it is hard
to meet the need.

(2) Authors apply compressive forces in ad-
vance in the pivot element bar and just let the pivot
element bar always in compressive state because
piezoelectric ceramic is brittle material and only
functions under compressive state, that is to say.,
it has no actuating use when it is in tension.

(3) On the either side of the pivot element
bar, authors install a ball hinge joint braces for
weakening the moment effect for the pivot element
bar mentioned above which are in-line sensor and
actuator and it only can be used as extension-com-
pressive spar, it can’t bear moment, etc.

The related reports presented abroad most fo-
cus on the intelligent pivot element bar which was
made of the pure piezoelectric materials, but for
the member made of piezoelectric materials and
metal materials, the related papers have never been
reported. A new type of intelligent pivot element
bar was put forward. Furthermore, authors dis-
cussed the feasibility of its application in control-
ling stability of steel structure. The basic mechani-
cal performance of primary active spar member in-

cluded the piezoelectric material was also analyzed.

1 Static Stability Equations of Pivot
Element Bar Included Piezoelectric
Material

As can be seen from reference [2], there is

linear relationship between output displacement §,

and output force and applied voltage, the correla-
tion coefficients are es; and kes; respectively, and 6,
is independency to thickness ¢ of piezoelectric ma-
terials. The static stability equation of smart pivot
element bar under condition of coupling or not is
got as follows.
1.1 Decoupling

Based on the simplified calculating model in

Fig. 1, we can get

E Y ip, =0 (D
dJ‘l
dZVz _

Eg[g 72+P1J2*O (2)
dl'z
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/QI*E]I] (3
r

2 =

k3 E, I 1)

lJlZASin k],T]+BCOS k]l"] (5)

VZZCSin kgl‘g +DCOS kQ.TZ (6)

where E,, I, and E,, I, are elastic modulus and in-
ertia moment of aluminum alloy and piezoelectric
respectively; v; and v, are deflection of aluminum

alloy and piezoelectric respectively.

X
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(a)Practical Model (b)Theoretical Model  (c)Dimension

Fig. 1 Simplified Calculating Model of Pivot
Element Bar Under Decoupling
B1 AEEBAMNEREITHEHHELITEERR

According to terminal conditions, we suppose

x1 =0,y =0 D)
and x, =1, »2;=0,then
Y1 — V2 (8)

and x; =/, sthen

(9



% 4 8 WANG She-liang, et al: Basic Mechanical Performance of Pivot Element Bar Included Piezoelectric Material 9
—a_, dw x
Xy 2 Ly dI2 0 (10)
then P
B=0 B -
Asin klllzD EI ~
i (1D
Ak, cos kil =Ck, ol X
Ccos kz lg = Dsin kzlg E,, 4 ¥ ~

The static stability equation of pivot element
bar included piezoelectric material can be got by

simultaneous equations as follows

%:tan k[lltan kzlg (12)
Suppose
E I,
7E212—a (13)
a_20_
VR B (14)
then
b_ [EL_ [T
n A EL . (15)
and
_1
L= pl 1
) (16)
_1—5
L= l
2
Jatan Y By, tan Br,i—1=0 Aamn
2o 2
P“:/eE;Z (18)
where
k= (ky0[)* (19

1.2 Coupling

Pivot element bar will deform a certain degree
of extension and compression for embedding piezo-
electric material in the middle of spar member un-
der exciting voltage, at the same time, laid com-
mon aluminum alloys in either side of the spar
member. By perturbation motion output, we can
improve extreme buckling load. Considering the
characteristic of smart truss system, we can think
the spar members as model of axial bearing and de-
form only with spin joint, accompany with chuc-
king power P,, based on the simplified calculating
models in Fig. 2, so the nodal load P, can got by

the following equations*-

(a)Practical Model (b)Theoretical Model  (c)Dimension

Fig. 2 Simplified Calculating Model of Pivot
Element Bar Under Coupling
2 EEBEHERIETHHNELITERE

dZ
Ellldigzlzfpwl (20)
Xy
dZVzi
E, I F*_Plszrpz(Vz_vn) 2D
Suppose
P, PI_PZZ 2
EL MEL R
P p . 22)
2 — 2 2 — 2
E, I, k“Elll ki [
Simplified Eq. (20) ~Eq. (22), we can get
dZ
L Tk =0 (23)
1
dZVz 2 o 2
dr% +k2V2**/33VD (24)

The numerical solution

(25)

Y] — a3 COS kl.rl +/]25in kll‘l 1
2
k3

Yy — C2 COS kgIg +d2 sin kzl‘g 7?1)1)
2

where a, s 0, 5¢55ds s k1 s ky and k; are undetemined

parameters respectively; yp is deflection of point D.

According to the terminal conditions, if x, =0,

then

v =0 (26)
and x; =10, »2,=0,then

VI =y =up 27)
and x1 =1/, sa, =0,then

5o
and x, =1/, ,then

dv

=0 (29)
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By solving Eq. (25) ~Eq. (29), we can get the L0.0-
relating coefficients as
xQ
b, =0 = 9.61
, g
a,sin k1, = d, — k—‘; j 9.2F
k3 (30) %
azklcos klll — Cgkg E 8.8r
Cy COS kz ZQ — dz Sil’l kz ZZ = Vp 8‘: X L ,
0.2 0.4 0.6 0.8

Also the static stability equation of pivot ele-
ment bar included piezoelectric material can be got
by simultaneous equations under considering of

coupling as follows! "™

Eicot kil = (1—Z§>kztan kL, (3D
Suppose
EL _
E L =a (32)
a_zl_
= =B (33)
then
ky _ JE.L 1
kz E]I] a (34)
and
1
L=pl
(35)
_1—-p
L, =-—-F1
2
2 Numerical Example Analysis of

Pivot Element
Static Stability

Bar Considering

2.1 Decoupling

When E, =7.1X10" MPa, E, =8. 807 X 10"
MPa,q=0.806=0. 8, and supposing the section
area and shape of pivot element bar are the same as
common aluminum alloys for application, the iner-

. . . 21 .
tial moment is equivalent and 3272' The relation-

l
ship between 8 and K under decoupling shows as
Fig. 3.
2.2 Coupling
The properties of material are equivalent as men-

tioned above and @« = 0.8, g= 2*57 =0.2 and P, =

0.1P,, the relationship between g and K under

coupling shows as Fig. 4.

Static Stability Coefficient K

Fig.3 Relation of Piezoelectric Stack Relative Length
P and Static Stability Coefficient K Under Decoupling
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Static Stability Coefficient K

Fig. 4 Relation of Piezoelectric Stack Relative Length
P and Static Stability Coefficient K Under Coupling
4 EZEBEMERBFEENKESHS
BRERHKHXER

ki |E. I, 101
k, NE 9 « (36)
E7I7 10
N 7
oElI1 , (37)

3 Conclusions

Based on the mechanical properties of piezoe-
lectric materials, authors put forward the static
stability equation of pivot element bar included pie-
zoelectric material and the calculating results show
as follows:

(1) The buckling load will improve with the
increase of the embedded piezoelectric stack’s
length for higher elastic ratio of piezoelectric mate-
rials than common structure steel materials with-
out considering coupling of mechanical and electric
performance.

(2) The critical stability factor doesn’t have a
linear increasing trend with the increase of piezoe-

lectric stack’s length under considering coupling
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occasion. The main feature shows that the factor

will increase when 8 is 0~0.2 and the factor will

decrease when 8 is 0.2~0.4;

the factor will in-

crease insignificantly compared with g is 0~ 0.2

under condition of Bis 0. 4~1.0. The phenomenon

perhaps shows that it exists optimal configuration

of pivot element bars rigidity and needs further

study.
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