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Tom tat:

Trong thuc t&, ndng lugng ma cac phucng tién giao théng truy@n xudng mat dudng la rat dang k&
ma van 1& mét dang néng lugng du thira chua tan dung dugc. Bai bao nay dit van dé xay dung co
s@ khoa hoc cho viéc tinh toan dién ndng thu lai dugc tir rung dong cla dam cau nhd mét I16p ap
dién dan vao mat dudi ciia dam chiu tai trong di déng. S dung méd hinh cd dién cta k&t cdu dam
V@i gia thiét lién két gilta dam va I6p ap dién la ly tudng (khong bong tach va khong trugt) da thiét
Idp dugc phuang trinh dao dong clia dam cd I6p ap dién chiu tai trong diéu hoa di dong vdi van toc
khdng déi. TU do, dua trén hiéu ('ng 4p dién da dua ra cdng thirc tinh dién ndng dudc tao ra trong
Ip ap dién khi ddm rung ddng do tai trong di ddng. D& minh hoa cho cac cdng thirc nhan dugc, da
ti€n hanh tinh toan s6 trong mdt vi du cu thé dé nghién cfu anh hudng cua van téc cla tai trong di
dbng va chiéu day I&p ap dién dén dién ap ra cua I6p ap dién.

T khoéa:
Vat liéu ap dién, dam dan hoi, tai trong di dong.
Abstract:

In the practice, the kinetic energy of moving transport vehicles transferred to the road surface is a
significant amount that has not been recovered for energy needs. This paper is devoted to develop
theoretical fundamentals for exploiting energy from the ambient traffic vehicles moving on a bridge
beam by using piezoelectric material. Using the classical theory of beam and assumption that
connection between beam and piezoelectric layer is ideal (not deleminated and no shear), governing
equations for vibration of beam bonded with piezoelectric layer under harmonic load moving on the
beam with constant speed are established in the frequency domain. Therefore, the formulas for
calculating the voltage produced in the piezoelectric layer due to the beam vibration have been
derived and used for numerically investigating the effect of load velocity and piezoelectric layer
thickness on the output voltage of the piezoelectric layer.

Keywords:

Piezoelectric material, elastic beams, moving load.

1. DAT VAN BE minh c6 kha ning chuyén d6i ning luong
Vat liéu ap dién la loai vat liéu thong co hoc thanh nang lugng dién va ngugc
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lai. Cu thé hon, néu vat liéu ap dién chiu
tdc dung cua mét ap luc thi ban than né bi
phan cuc, tir d6 sinh ra mot dién ap gita
hai cyc. Nguoc lai, néu cip cho vat lidu
ap dién mot ngudn dién thi nd s& bi bién
dang, tirc tao ra mot nang luwong co hoc.
DPé khai thac loi ich tir tinh chét thuan
nghich nay, ngudi ta ché tao ra vat liéu ap
dién ¢ dang gdbm (ceramics) hay polyme
c6 tinh 4p dién cao hon nhiéu vat liéu ap
dién tu nhién.

Lac dau, vat liéu ap dién chi dugc su
dung dé ché tao cac dau do (sensors) cho
cac thiét bi do (rung dong, &m...) va cac
bo kich thich (actuator) trong diéu khién.
Gan day khi xu thé hudng t6i nang lugng
tai tao, bao vé moi truong thi ngudi ta bat
dau nghi dén kha nang sir dung vat liéu ap
dién dé phat dién [1-4]. Pang chu v 1a cac
nghién ctu tai tao nang luong tur céac
phuong tién giao théng [5], cu thé 1a hé
théng duong sat [6-7]. Bai bao nay da
thiét lap duoc cac phwong trinh, cong
thirc tinh toan nang luong thu thap duoc
do céc tim ap dién duoc dat dudi céc
thanh ta vet duong sit. Cac tac gia cua
cong trinh [8] da nghién ctu cac bo thu
thap nang luong trén cac cau cao toc va
bai toan thu thap ning lugng tir chudi
phuong tién di dong trén cau da duoc giai
quyét trong [9].

Bai bao nay sir dung mo hinh tong quat da
thiét lap trong [8] dé nghién cau kha ning
tai tao nang lugng tu cac phuong tién giao
thong chay trén dim cau bang vat liéu ap
dién. Phuong phap nghién ctu la phuong
phap hién dai dugc ap dung trong luan an

tién sy cua tac gia [10] va cac cong bd
sau d6 cua tac gia véi thdy husng dan
[11-12], goi 1a phuwong phap phd da duoc
GS. Nguyén Tién Khiém dé xuét va phét
trién dé giai quyét bai toan dao dong cua
dam chiu tai trong di dong.

Diém khac biét ciia nghién ciru nay so voi
c4c cong bd trudc, & d6 ngudi ta xét bai
toan trong mién thoi gian, con & day xét
bai toan trong mién tan sé. Muc tiéu cua
bai b&o: xay dung mé hinh dam dan hoi
€O lop ap dién chiu tai trong di dong; tinh
toan dap mg co hoc cua dam co 16p &p
dién va tir d6 tinh toan hiéu dién thé sinh
ra gitta hai dién cuc cua lop ap dién. Ca
dap ung co ciing nhu dién duoc nghién
ctru phu thudc vao van téc di chuyén caa
tai trong hang sé va chiéu day 16p ap dién.
Truong hop tai trong diéu hoa di dong da
ma rong kha ning diéu tiét nang luong c6
thé thu thap duoc bang cach chon tan sb
tai trong phu hop.

2. BAI TOAN DAO PONG CUONG BUC
CUA DAM CO LOP AP DBIEN

Xét mot dam dan hoi phang co chiéu dai
L, dién tich tiét dién ngang A, = b X hy,
mé dun dan hoi va khéi luong riéng E, p
c6 mot 16p vat liéu ap dién phia dudi co
chiéu day hp va c6 clng chiéu rong va
chiéu dai nhu cua dam (hinh 1).
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Dam chiu mat tai trong P(t) di dong trén
dam vai van toc khong dbi v. Xét hé toa
d6 cho dam c6 gén 16p ap dién néu trén va
dua trén ly thuyét dam cb dién, ching ta
c6 cac mdi lién hé gitra truong chuyén vi,
bién dang va tng xuét cua dam cha nhu
sau:

u(x, z,t) = up(x, t) — zwy(x, t);
w(x,z,t) = wy(x, t);

oy = Egy; 6, = uy — zwy

)

trong do u(x, z,t),w(x, z,t) la chuyén Vi
doc truc va chuyén vi ngang (d6 véng)
cia dam tai diém bat ky trong dam,
uo(x,t), wo(x,t) 1a chuyén vi cua dam
trén truc giira, @ 1a goc xoay cua mit cat
ngang; &, o, la bién dang va ang suét.

Xét 16p ap dién nhu mot két cau dam thoa
man diéu kién cua ly thuyét dam cé dién,
khi dé ta co

Up (X, Z,t) = Upo(x, 1) — Zwp(x, t),
wy (X, Z, t) = wpo(x, t);

!

Epx = Upg — ZWpo(x, t). (2)

M&i quan hé giita (ng suét bién dang cua

=1, +1I, == 1/

2) [y

L ! ! n n ! 14
=(1/2) [ {A11ug® + 2A1uowg’ + Appwy'® — 2hy3A, (ug + hwy')D + BE; A, D?Jdx;
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dam ap dién cé dang:

Opx = Cflgpx — hy3D;

3)
trong d6 CP,, hy3, B%, lan lugt 1a modun
dan hoi, hang sé ap dién va dién moi; €
va D lan luot 13 dién trudng va mat do
thong lugng cua lop ap dién.

e= _hlgepx + ﬁgSD

Gia thiét 16p 4ap dién duoc gan chat
(khdng bi truot) so voi dam chu, khi d6
diéu kién lién tuc ciia chuyén vi c6 dang:

e h,
u(x,—7,t) =Up (X,7,t),

w(x, —hp/2,t) = wy(x,hy/2,1t) 4)
tir 6 ta co:

Upo = Uy + Wh,

h = (hy + hy)/2,wp = wy. (5)

Do d6 ta nhan duoc:
uy(x,Z,t) = ug(x,t) — (Z — Hwy(x, t),
(6)

Str dung cac méi lién hé (2), (5) va (6) ta
tinh dugc thé nang va dong nang cta dam

Epx = Uy — (Z — W)wy.

ap dién bang:

EApu@ + Elywy® + CY Apyui + 2C1 Aphugw( + CP [, + Ay h? /41w i
—2hy3A,Dufy — hyzA,Dhwy' + B3, A,D?

(7)

L
T=T,+T,=(1/2) f {108 + 2110w + L, wi? + 1, WwEldx,
0

trong do dua vao céac ky hi¢u

Ay = EAp + CP Ay; Ayy = CY Aph; Agy = EL, + CF (I, + Ayh?);

(8)
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111 = pAptppAp; 112 = ppAph; Iz = pIp + pplp+ppAph2

Cong cua luc ngoai, tuc tai trong di dong,
bing

W= fOLP(t)S(x —v)wy(x, t)dx, (9)

trong d6 §(x) la ham Dirac cd céc tinh
chat:

_(oo:x =0,
S(X)_{O:xio’

T2 F08(x — xo)dx = f(xo)  (10)

Thay céc biéu thirc (7) va (9) vao nguyén
ly Hamilton:
[ 8(T =TI+ W)de =0,

sau d6 sir dung quy tic bién phan va tich
phan ting phan ta nhan dugc phuong
trinh chuyén dong caa hé dam kép néu
trén ¢ dang
(I1dlg — Ay1ug) + (I;oWo — Apwg”) +
hy3A,D" = 0;
Liyrg + Agawg"’ + Agpug” — Izl —

(11)
hy3A, (ug + hwy' /2) — B, A,D = 0.
Tir phuong trinh cudi trong (11) ta tim
dwoc D = hy;(uy + hw(')/BE,, do d6 thé
biéu thic cudi vao cac phuong trinh con
lai trong (11) ta dugc

(I111lg — B11ug) + (I12Wo — Bipwg") = 0;

[13Wo + Baawg"" + Biaug' — It —
Lowy = P(£)6(x — vi), (12)

trong d6 da str dung cac ky hiéu:

Bi1 =411 — Aph%3/ﬁ§3 =EA, + EpAp'312
=4 — Aphh%3/ﬁ§3
= EpA,h,
By, = Ay — Ayh*hi3/Bys = El, + CIi 1, +
EpAph?; E, = CJy — his/B3
Thuc hién phép bién d6i Fourier phuong
trinh (12) tro thanh:

" w1, W’
@10+ Bl +( {120, ) =0

Byu,W'" + B, U + w?l,U’
+ W, W' —w?I W
= P(x/v)e @wx/v
hay:

d3z d?z

(ol {52} + I {2+ 140 {2+
[As] {2} + [A4]{z} = (a},

trong d6 {z} = {U(x,w), W (x,w)}T, {q} =
{qo}e™™*/¥; {qo} = {0, Py} va

(13)

_[0 07, _ [0 B,
[AO] - O BZZ ) [Al] - [312 0
— _Bll O .
[Az] = [ 0 wzlzz]'
0 w?l
[AS] = 2 12];
lw*l, 0
[w?] 0
ma =" o]
[ 0 —w*l4

Sau khi giai phuong trinh (12) ta ¢ thé
tinh duoc dién tich dau ra cua lop ap dién
bang cong thuc:

L
0=b f Dadx = (bhys/BP) (o + hwt)’
0
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Tir d6 ta c6 thé tinh duoc dién &p ra bang
V = iwQ/(iwC, + 1/R), (14)
trong d6 C, = bL/h,BL; va R 1a dién tro
cua mach dong gitra hai cuc ap dién.

3. PAP 'NG PHO CUA DAM cO LOP
AP BIEN CHIU TAI TRONG DI DONG

Bay gio ta xét truong hop dao dong
cudng bac vai tai trong:
P(t) = POeiQtl (15)

Tac xét phuong trinh (13) véi vé phai
bang:

(ISSN: 1859 - 4557)

P, }T
U )

(@) = (aole™ 7 sla0) = 0,

ow=w-—Q.

Trong d6 Q 14 tan s lyc didu hoa, Q =0
twong tng Véi truong hop tai trong hang
$6.

Dau tién, ta tim nghiém riéng cia phuong
trinh (13) ¢ dang :

{z1(x, )} = {28}~ 1@*/¥

khi d6 phuong trinh (13) thanh :

[Aq]{z1} = {90}

(16)

[Aq] = [(@/v)*A¢ — i(@/v)3A1 — (@/V)?Az — (i@/v)A3 + A4l =

—(@/v)?*By1 + 0l
B _i(a/v)?’Bu - wz(i@/v)hz

—i(&/V)*Byy — w* (i@ /V)Iy;
(6/17)4322 - 0)2(5/”)2[22—@2[11 '

D& dang tim dugc nghiém cta phuong trinh cudi ¢ dang:

0
e = {7

Trong do

_ &{ w?ly; — (&@/v)*By, }
vAi(@/v)®Byz + 0? (i@ /v)]1,

(17)

A= (w?I11 — (&/v)*B11)[(®/v)*B2;
— 0%(@/V)? 12— w?111][(®/V)B12 + 0*(@/v)112]?

Sau khi c6 mot nghiém riéng, nghiém
téng quat cua phuong trinh (18) sé& la tong
cua nghiém tong quat phuong trinh thuan
nhat va nghiém riéng :

{z4(x, )} = Uy (x, ), Wy (x, )} =

{ZO (x, (IJ)} + {Zl (x, (IJ)}, (18)
Aix Ayx Azx

_ |laq€ 1 aje 2 ase 3

[G(x’ w] - e/'llx e}lzx e}lgx

trong d6 {zy(x, w)} cd dang:

{zo(x, w)} = [G(x, ) {C},

V6i {€} = {Cy,...,Cs}" 1A vecto hang sb
tly y va cac tham so:

A1x /12x

_ale_
e—l1x

—aj,e”

_a3e_)'3x ]
e—/‘lzx ’

e—l3x

a] = —Aj(wzllz + A}Blz)/(wzlll + ),]2311), j =1,2,3

chta 6 hang s6 Cy,...,Cs Va {z,(x, w)}
la nghiém riéng duoc tim thdy & dang

nhu sau :

; [BI{C} = —{qp(w)} (19)
(16). Thay (18) vao (13) ta dugc phuong
trinh dé xéac dinh cac hang sé Cy,...,Cs  trong d6 ma tran [B] c6 dang:
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a; a; as
1 1 1
A A3 A
B()] =1, aieMl Ayazett Azaze
eMl el2L elsl

Adeal  p2ehl

va vecto:
_ T
{9 (@)} = {qp1, -, G}
Voi:
0 0 @\° 0
dp1 = Z1159p2 = Z12,qQp3 = — P 2125
e iBL
_ By o ——. _ 0 _—i®L/v.
dps = — (7) Z11€ v ;(ps = Z13€ / )
— ~ 2,0 _—iwlL/v
dpe = —(@/V)"z1,e /v,

Nhu vay,cd thé tim dwgc cac hang sb
Cy,...,Cg bang:

{C} = —[B] " {qp(w)}
do d6 nghiém (18) s& bang:

(20)

{z4(x, )} = {z1(x, w)} -
[G(x, w][B]~*{qp(w)}

Nghiém (21) duoc goi 1a dap ung tan so
cua dam c6 16p ap dien dudi tac dung cua
tai trong diéu hoa di dong trén dam. Hai
thanh phan cua vecto (21) 1a, dap ung tan
s doc truc U, (x, w) va do vong W, (x, w)
cua dam.

4. Vi DU KHAO SAT SO

(21)

Xét dam chu c6 cac tham sé hinh hoc va
vat liéu sau:

L=1;b=0.1; hy = 0.05;
E, = 199MPa, p, = 7827kg/m3,
Up = 0.3.

Lép ap dién gan chat vao day dam co

AsL

A2efsl  p2e~Ml

—ay —a —as3
1 1 1
2 2 2
A1 Az A3
/110518_)‘1" Azaze_lzl‘ Ag“ge_}ql‘
e—llL e—lzL e—lgL
Ade~h2l  )2e2sl

cing chiéu dai va chiéu rong nhu dam
chu, chiéu day thay d6i h, = 0.001 —
0.01. C4c tham sé vat liéu ap dién bang

CP = 69.0084GPa, BY, = 7.3885 1072
11 ' 733 ' ' F'

pp = 7750 kg/m3,
hys = —7.70394.108 V/m,
R=500 kQ.

Khao sat bang s6 dap tng phd cua dam
phu thudc vao van téc di chuyén va chiéu
day l6p ap dién trong truong hop tai trong
hang s di dong, két qua tinh dwogc trinh
bay trong hinh 2 va hinh 3. Trong truong
hop xét tan sb va toc d6 di chuyén cua luc
diéu hoa v, Q, két qua tinh toan duoc trinh
bay trong cac hinh 4 va hinh 5.

=

hp = hb/10

Dién ap dwoc taora gilha hal cuwc cla lop ap dién (V)
>

D.CIDDS D.:J'I D.C‘i‘lfva D};JZ *D.Clifﬁ D.:J:'l 0.635 D.‘I:N D.CINED
Tén s6 / Tan sé riéng co ban
Hinh 2. Bién ap tich liiy dworc trén hai cwc
ctia |&p ap dién vé&i van tée di chuyén khac
nhau cha tai trong, chiéu day |&p ap dién
bang 1/10 chiéu day dam

Pép ung phd cua dién ap tinh dwoc trong
l6p ap dién phu thudc vao van téc di
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chuyén (hinh 2) va do day I6p ap dién
(hinh 3). Tét ca céc két qua tinh toan sb
cho thiy cac gi4 tri cuc dai cua dap ung
dién déu cuc dai tai tan sé bang 0 (twong
duong véi tai tinh). D& thiy dap tmg dién
tang khi van téc di chuyén cua tai trong
ting va chung giam khi chiéu day 16p ap
dién tang.

v =0.3Vc

—— hp=0.005
————— 0.01
o 0.02
0.03
0.0

Bign &ptaora Irén cac dign cue cla lop 2p dién (V)

*Thn e6 /TN sbribng oo pan oo
Hinh 3. Dién ap tich liiy dwoc trén hai cwc
cua |&p ap dién véi chiéu day 1&p ap dién khéac
nhau, van téc di chuyén cha tai trong bang 30%
van téc t&i han

45 fe=0

ry
=]

©w
&
T

8

fe=05"N hp = 0.01

nN
S

fe=nN

@«

fe= 08 fe=03'1

Bién tich téi da thu duoc boi 16p ap dién
- ™
o o

o
T

=)

0;)2 0:}4 0:)6 O;)E 0‘1 0‘12 OIM 0:16 0:8
Tée dé chudn héa cia tai trong di dong
Hinh 4. Bién tich cwc dai tich liy dwoc
trong |&p ap dién phu thudc vao téc do di
chuyén va tan sé cia tai trong

Hinh 4, hinh 5 cho ta thdy su phu thudc
cua dién tich cuc dai tich lay duoc trong
I6p ap dién vao vén téc tai trong twong
g Vi cac tan sd tai trong va chiéu day
I6p 4p dién khac nhau. Két qua cho thay

(ISSN: 1859 - 4557)

dién tich thu hoach dugc 16n nhat khi tai
trong la hang s6 (tic tan s tai trong bang
0) va no tang lén khi chiéu day 16p ap
dién giam. Gia tri cuc dai cta di¢n thu
hoach dugc dat duoc khi tai trong di
chuyén cham (0.02 - 0.04) van téc toi han

25
hp=0.01

5 0.02

=z hp=

-

&2

£

E fe =0.5°f1

st

E.

-.:E‘ hp=0.05

ot

ksl hp = 0.03

=

g

= hp = 0.005

& st d

) BVAWAN A /\

0

004 006 008 01 012 014 016 018 02
Toe do chuan hoa ciia tai treng di dong

Hinh 5. Bién tich cwc dai tich liy dwoc
trong |&p ap dién phu thudc vao téc dé
di chuyén cua tai trong va do day |&p ap dién

5. KET LUAN

Két qua chinh da dat dugc trong nghién
cuau nay la:

1. Dva trén cac dac tinh co va dién cua
dam dan hdi va 16p ap dién, bai bao di
xay dung duoc mé hinh co dién cua dam
dan hoi ¢ 16p ap dién tya don hai dau
chiu tai trong diéu hoa di dong trén dam.
Mo hinh nay cho phép xac dinh dugc dap
ung dién (dién ap ra cua lop ap dién)
trong mién tan sé;

2. ba tinh toan phan tich sy phu thudc
cua dién tich cuc dai thu hoach dugc
trong 16p ap dién phu thuoc vao van téc
di chuyén, tan sb cua tai trong va chiéu
day lop ap dién;

3. Két qua sb cho thiy dién 4p cuc dai
tang rat nhanh khi van téc di dong cua tai
trong tang va giam khi d6 day cua 16p ap
dién ting.
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LO1 CAM ON Nguyén Tién Khiém - Vién Co hoc, di
Tac gia chan thanh cam on Truong Dai  huéng dan tac gia hoan thanh cong trinh
hoc Pién luc di tao diéu kién va thay nghién cizu nay.
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Tac gia Phi Thi Hang t6t nghiép dai hoc va nhan bang Thac si tai Trudng Dai hoc
Thuy Igi Ha NG6i vao cac ndm 2004 va 2010, nhan bang Tién si nganh co ky thuét tai
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nam 2016. Hién nay tac gia cong tac tai TruGng Pai hoc Dién Iuc.

e M=t { Linh vuc nghién ctru: chan doan hu hdng ctia két ciu, khai thac ning lugng tai tao.
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