Tap chi Khoa hoc Cong nghé Xay dung, PHXDHN, 2026, 20 (3): 1-11

NGHIEN CUU BO GIAM CHAN KHOI LUONG TICH HOP PHAN
TU AP PIEN XEP CHONG LAP TREN KET CAU CHINH CO CAN
CHIU KICH PONG NGOAI

Vii Anh Tudn®*, Nguyén Vin Tinh?®, Nguyén Vin Man*
“Khoa Co khi, Truong Dai hoc Xdy dung Ha Noi, 55 duong Gidi Phong, phuong Bach Mai, Ha Noi, Viét Nam
Nhdn ngay 17/7/2026, Sita xong 03/8/2026, Chdp nhdn ding 14/8/2026

Tém tit

Bai bao trinh bay nghién citu bo giam chin khdi lugng diéu chinh tich hgp phan ti 4p dién xép chdng 1ap trén két cAu chinh
¢6 can chiu kich dong diéu hoa nhim ddng thoi giam rung va thu hdi ning lugng dao dong. M6 hinh dong Iuc hoc co dién
ctia hé dugc xay dung va gidi biang phuong phap bién do phiic dé xdc dinh dap tng chuyén vi, dién 4p va cong sut dién dau
ra. Thong qua khao sat s6, anh hudng ctia cac tham s& nhu ty s6 tin s6, ty s6 khdi lugng, hé s6 can ciia két ciu chinh, hé sb
can ctia bo gidm chén, hé sb két nbi co dién dén kha ning giam rung dong va thu hdi ning lugng dudc tién hanh. Két qua
khao sét cho thiy bo gidm chin khdi lugng diéu chinh tich hgp phén ti 4p dién xép chdng van duy tri hiéu qua giam dao
dong tuong duong bo giam chén truyén thdng, dong thdi chuyén ddi hiéu qua mot phin ning ludng dao dong thanh dién
ning. Nghién ctiu cung cip cd sd khoa hoc cho viéc thiét ké va t6i wu héa cac hé thdng gidm chén tich hop thu hoi ning
lugng 4p dién trong cdc cong trinh va két cAu co khi chiu dao dong.

Tir khod: bo gizm chin khéi lugng diéu chinh; thu hdi niing lugng dao dong; bo thu hdi ning lugng dp dién xép chdng; két
cAu chinh c6 can; phuong phap bién do6 phic.

STUDY OF A TUNED MASS DAMPER INTEGRATED WITH A PIEZOELECTRIC STACK ENERGY
HARVESTER FOR A DAMPED PRIMARY STRUCTURE UNDER EXTERNAL EXCITATION

Abstract

This paper presents a study on a tuned mass damper integrated with a piezoelectric stack energy harvester mounted on a
damped primary structure subjected to harmonic excitation for simultaneous vibration suppression and vibration energy
harvesting. An electromechanical dynamic model of the coupled system is developed and solved using the complex ampli-
tude method to determine the displacement response, output voltage, and average electrical power. Numerical simulations
are performed to investigate the effects of key parameters, including the frequency ratio, mass ratio, damping ratio of the
primary structure, damping ratio of the tuned mass damper, and electromechanical coupling coefficient, on the vibration
mitigation and energy harvesting performance. The results show that the proposed tuned mass damper integrated with a
piezoelectric stack energy harvester maintains vibration suppression performance comparable to that of a conventional
tuned mass damper while effectively converting a portion of the vibration energy into electrical energy. The findings pro-
vide a theoretical basis for the design and optimization of integrated vibration control and piezoelectric energy harvesting
systems for civil engineering structures and mechanical systems subjected to dynamic excitations.

Keywords: tuned mass damper; vibration energy harvesting; piezoelectric stack energy harvester; damped primary structure;
complex amplitude method.
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1. Gidi thiéu

Trong nhitng nim gin diy, cing v6i su phat trién manh mé ctia cdc hé thdng gidm sat két cau
thong minh (Structural Health Monitoring - SHM), Internet van vat (Internet of Things - IoT), mang
cam bién khong day (Wireless Sensor Networks - WSN) va cdc thiét bi dién ti cong suét thap, nhu
cu cung cip nguodn dién tu chi cho cdc cadm bién va thiét bi dién tif ngly cang trd nén cép thiét [1].
Céc hé thong nay thudng dudc trién khai tai nhitng vi tri khoé tiép cin hodc hoat dong trong thdi gian
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dai, khién viéc thay thé hoic bo tri ngudn pin gip nhiéu khé khin, 1am tiing chi phi vin hanh va giam
do tin cay ctia hé théng. Vi viy, viéc phat trién cic giai phap cip ngudn bén viing, c6 kha ning hoat
dong lién tuc ma khong can thay thé pin dang trd thanh mot trong nhitng huéng nghién ctiu thu hut
su quan tidm cia nhiéu nha khoa hoc trén thé gidi.

Bén canh cic ngudn ning lugng tdi tao truyén thdng nhu ning luong miit troi, nhiét, gié va thiy
ning, viéc thu hoi ning lugng tif moi trudng xung quanh (Energy Harvesting) dugc xem 1a mot giai
phdp day tiém ning d€ cung cip dién cho cic thiét bi cong suit thip. Dic biét, ning luong dao dong
co hoc ton tai phd bién trong nhiéu cong trinh xdy dung, phuong tién giao thong, midy méc cong
nghiép, cau dudng, dudng sat va cac thiét bi co khi. Ngudn ning lugng nay thuong bi tiéu tan dudi
dang nhiét thong qua cic co ciu gidm chén, trong khi hoan toan c6 thé dudc chuyén d6i thanh ning
lugng dién d€ tdi st dung. Nho kha ning khai thiac ngudn ning ludng sin cé trong moi trudng, cic hé
théng thu hodi ning luong tir dao dong khong chi gép phan kéo dai tudi tho clia cic thiét bi cdm bién
ma con giam nhu cau st dung pin, gidm chi phi bao tri, ning cao tinh bén viing va mé rong kha ning
ting dung ctia cac hé thong SHM va IoT trong diéu kién 1am viéc 1au dai [2]. Vi nhiing uu diém do,
thu hdi ning lugng tir dao dong co hoc hién dang trd thanh mot trong nhiing linh vuc nghién ctiu va
phat trién so6i dong trong cic nganh co khi, xdy dung, giao thong va ky thuat dién td.

Trong cic co ché thu hdi ning luong tir dao dong, c6 bén nguyén 1y chuyén d6i ning lugng dudc
nghién ciiu va ting dung phd bién, gdm thu hoi niing luong 4p dién (Piezoelectric Energy Harvesting -
PEH), thu hoi niing luong dién tir (Electromagnetic Energy Harvesting - EMEH), thu hoi niing ludng
tinh dién (Electrostatic Energy Harvesting - ESEH) va thu hoi ning luong ma sét dién (Triboelectric
Energy Harvesting - TEH). Mdi co ché c6 nhitng wu diém va han ché riéng tlly thudc vao dai tan sb,
bién do dao dong va yéu cau cong suit ciia tiing tng dung. Trong d6, thu hoi ning luong 4p dién dudc
d4nh gid 1a mot trong nhiing gidi phap hiéu qua nhit do c6 cu tao don gian, mat do ning luong cao,
kich thudc nhd gon va khong can ngudn kich thich bén ngoai. Theo céu tao ctia phan tit 4p dién, cic
bd thu hdi niing luong thudng dudc chia thanh hai dang chinh 13 dang dAm cong xon va dang 4dp dién
xép chong (Piezoelectric Stack Energy Harvester - PSEH) [3]. Dang ap dién xép chong (PSEH) dudgc
cAu tao tif nhiéu 16p gém 4p dién mic nbi tiép véi cac dién cuc xen ké, gilp giam khoang cach giita
cac dién cuc, ting mat do dién trudng va nang cao hiéu suit chuyén ddi ning luong [4]. Pong thoi, két
chu dang xép chong c6 kha niing chiu tai 16n hon nhiéu so v6i dam 4p dién truyén thdng, vi vay dic
biét phit hop d€ tich hdp vao cac két ciu co khi va cong trinh chiu tai trong 16n. Mot s6 4p dung dién
hinh ctia PSEH dudgc phét trién trong khodng hai thap ky trd lai day c6 thé ké dén nhu viéc tich hop
véi ba 16 deo sau lung [5], dé gidy [6], nén dudng [7], hé thong treo clia phuong tién giao thong [8],
dudng ray xe Itia [9], thiét bi giam chén khéi lugng diéu chinh [10-13].

Thiét bi gidm chin khéi luong diéu chinh (TMD) 1a mot hé gidm chin thu dong gdm khbi luong,
16 xo va bd giam chén, dugc lap dit d€ gidm dao dong cta két cAu. TMD hoat dong bing céch tao
chuyén dong tuong dbi gitta khoi lugng phu va két cau chinh, tir &6 hip thu va tiéu tdn ning luong dao
dong ma khong lam thay d6i cac dic tinh co hoc ctia két cau. Thiét bi dic biét phat huy hiéu qui d6i
v6i cdc két cAu c6 hé s can nhd va chiu ti trong dong nhu gi6, dong dat hoic tii trong tuan hoan.
Hiéu qua ctia TMD phu thudc chii yéu vao viéc lua chon ti uu cac thong s6 nhu ty s6 khoi lugng, tan
s6 riéng va hé s6 can nham dat kha ning giam bién do dao dong 16n nhit [14].

Déi véi cac nghién ctiu vé hé tich hdp bo giam chin khéi luong diéu chinh tich hop phan tit 4p dién
xép chong (TMD-PSEH) thi phan 16n cic cong trinh tip trung vao trudng hop két cAu chinh khong
c6 can, hoic chi khio sat anh hudng ctia mot sd tham sb riéng 18. Trong thuc té, hau hét cic két cau
k¥ thuat déu ton tai can ndi tai do vat liéu, lién két va méi trudng 1am viéc. Su c6 mit clia hé s6 can
nay khong chi anh huéng dén hiéu qua gidm rung ctia TMD ma con 1am thay d6i lugng niing luong
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co hoc truyén t6i phan tir 4p dién, tir d6 anh hudng truc tiép dén cong suét dién thu hdi. Vi viy, viéc
xdy dung md hinh va phan tich hé TMD-PSEH lap trén két ciu chinh c6 can chiu kich dong ngoai la
cin thiét nham phan dnh sat hon diéu kién lam viéc thuc t& va cung cip co s& cho qud trinh thiét ké
t6i uu.
2. Két cAu chinh ¢é can vdi bd giam chén khéi lugng chiu kich dong ngoai

Xét hé két cAu chinh c6 cin véi bd giam chin
khdi lugng (TMD) chiu kich dong ngoai nhu trén
Hinh 1. Trong d6 my, k; va c; lan lugt 1a khoi
luong, do cting 10 xo va hé sb giam chin ctia két
cAu chinh, my, ¢ va kg 1a khéi luong, hé sb gidm
chin va do ciing 10 xo ctia TMD. Tiép theo, u; la
chuyén vi tuyét ddi cta khéi luong m; va nén, u,
1a chuyén vi tuong dbi gitta mo va m;.

Hé phuong trinh chuyén dong ctia hé két ciu
chinh v6i TMD nhu sau:

myity + iy — oty +kyuy —kgur = Focos Qr (1) o
Hinh 1. M6 hinh ket cau chinh ¢6 can véi b giam

Moty + Caity + kgity = —myi 2) chin khdi lugng chiu kich dong ngoai diéu hoa

trong d6 F(t) la kich dong ngoai, Fo va Q la bién do6 va tan s6 clia kich dong

F(t) = Focos Qt 3)
Pit
ki kq my c1 1)
W= [—: Wig=—; pu=—; &= ; &=
my my mi 2miwiq 2mrwy (4)
wy Q Fy
= = XS[ - 5
w1 w1 ki

trong d6 w; va wy 1an ludt 12 tan sd tu nhién ctia két cAu chinh va TMD, X, 12 chuyén vi tinh ctia
két cAu chinh, va u, &, B, A 1a céc ty sb khdi luogng, ty sb can, ty sd diéu chinh va tin sb khong thd
nguyeén.

St dung (4) va cdc phép bién ddi:

t=wiT; w =X i =ik i =0 m =X = wiky i =wiky  (5)
Thay vao hé phuong trinh (1)—(2) ta c6:
X + 26151 — 2uPériy + x1 — pfxy = Xy cos At (6)

fo +2pErin + fiay =~y ()
Xét kich dong nén (3) duéi dang phic:

F () = Foe™" (8)
Theo d6, nghiém binh 6n ctia hé (6)—(7) c6 thé dudc viét dusi dang:

x1 (1) = X1 xp () = Xpe! )
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trong d6 X1, X» 1a cic bién do phuc.
Thay (8)—(9) vao (6)—(7) va giai hé phuong trinh ta thu dugc cac hé s6 khuéch dai dao dong tuong

ung la:
B + B3 C3+C3
K, = P —— K; = 3 3 (10)
ET+ E5 ET+ E5
trong do:

By =p*-A% By=2BA&;, Ci=1% (=0
Ey =~ +(1+466+ (1 +wp?) 22 - 2* (11)
Ey = 222((& + &P — (& + (1 + w&ap) )

Pén day, nhém tdc gia Linh va cs. [15] da 4p dung phuong phép thay thé tuong duong dbi ngau
m& rong dé xéc dinh dudc cac tham sb tdi uu vé hé sd diéu chinh va hé s6 can ciia TMD la:

(5 [ 3
ﬁopl—_l+#[1 2 8(1+,u)§1] (12)

3u
= o |—— 13
gZ,opt 3 (1 +ﬂ) ( )
3. Két chu chinh c¢é can véi bd giam chan khéi lugng tich hep phan ti 4p dién xép chong chiu
kich dong ngoai
Trude hét ta xét bo PSEH dudc md ta trén Hinh 2(a), c6 hé phuong trinh lién két co dién dudgc
biéu dién duéi dang [16]:

fp =kpx, +6,V (14)
q=6pxp=CpV (15)
trong do:
E,A £33A e33A
K, = —rip. _ P, _ p 16
T (10

Trong céc cong thuc (14)—(16) thi A, la dién tich tiét dién ctia phan ti ap dién x&p chong cé n 16p,
mbi 16p c6 chiéu day hp, E, 1a m6 dun dan hdi ctia vat lidu ap dién, e33 1a hing s dp dién, £33 1a hang
s6 dién moi, f» 1a luc tac dung doc truc d€ tao ra hiéu tng dp dién thuén véi dién dp V va dién tich ¢
trén dién trd ngoai R, k,, 6, C,, 1an lugt 1a do cing, hé s6 lién két co dién va dién dung ctia phan ti 4p
dién xép chong.

Hinh 2(b) bi€u dién mo6 hinh mot bo gidm chin—thu ning lugng (TMD-PSEH), trong d6 phan ti
4p dién xép chdng (PSEH) lap nbi tiép véi 10 xo ctia TMD. Trong md hinh nay, do ciing cum 10 xo kg
ctia TMD va phan i dp dién xép chong k,, dugc thay thé tuong dudng bdi mot 16 xo c6 dd cing ko, hé
s6 lién két co dién 6 va dién dung C nhu md ta trén Hinh 2(c).

Khi d6, hé phuong trinh lién két co-dién ctia hé 1a:

myii] + c1i —Czit2+k1u1 —k2M2—9V=FOCOSQT (17)
maily + coity + kouo + 0V = —mpiig (18)

.V
CV+E—0u2=O (19)

trong d6 cac diu chim phia trén biéu thi dao ham theo thdi gian 7.
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ny

Il
1
(g~
g
=

uy(r)

(1)

| ky
n = C, R

uy(7)

u(t)

1S 77 7
(a) Phan tif 4p dién xép chong (b) B giam chin khdi lugng tich (c) Mo hinh tuong duong
hop phan tif 4p dién xép chong
Hinh 2. M6 hinh két cAu chinh c6 can véi bd giam chin khbi lugng
tich hop phan it 4p dién xép chong chiu kich dong ngoai
bit
ki ko my cl ) w? Q
W] = ([ wWr=[—; u=—; &= ;o &= ; =—; A=—
my my my 2miwi 2mowy wi w1 (20)
, 6 CcV 1 X, = Fo/k
K'=—; v=—, a=—; st =
k,C 0 Qrc® T
trong d6 x> 12 hé s6 ghép dién co, e 1a ty sb dién trd tai, va v 1a dién dp da chuin héa.
St dung (20) va thuc hién cac phép bién ddi:
t=wiT; ow =X @ = wik; i = iR u = X5 i = wiky i = Wik (21)
Hé phuong trinh (17)—(19) dudc viét lai dudi dang khdng thi nguyén nhu sau:
X1 + 281%1 = 2uB&r%n + x1 — uB*xy — uBrK*v = cos At (22)
.. . ) 22 .
Xo + 2B&Er %0 + B xp + BTV = =Xy (23)
V+ Aday = X 24)
trong d6 cac diu chim phia trén biéu thi dao ham theo thdi gian 7.
Céac nghiém phiic & trang thdi binh &n ctia hé (22)—(24) c¢6 thé dugc viét dudi dang
B0 =X B0 =X W)= X (25)

trong d6 X, X», X, 1a cac bién do phiic.
Thay (25) vao (22)—(24) va giai hé ta dugc:
X1 _B]+le" Xz_C1+C2i' XV_D1+D2i

- s = . - s = . Y~ - = . - - (26)
Xst E1 + Ezl Xst E] + Ezl Xst E] + Ezl
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trong d6 X thi dudc dinh nghia trong (20), va
By = a(B* - 12) =286, By = A1 + &%) — 22 + 20861
Ci=al’;, Cy=A% D =0; D;=27
Ey = a| (1 - )= B2+ 24 [ (1 + &) = 2| & + 2821 - 21 + )| &
+ 4aBA%E1E + o221 + p)
Ey = X(1 - )+ (1 + &) [ 22 + f(XPu - D] +22a(2” - 4
+20BA[ (1 + p) — 1] & + 4BAEr¢

Khi d6, cac ddp dng & trang thai binh &n ctia hé phuong trinh (22)—(24) 1a

x1 (1) = a; cos (Qf + ¢1)
X () = ap cos (Qf + )
v (1) = Vycos (Qf + ¢,)

trong do: —_—
BZ+BZ BE — B E
ar =Xl = Xa\| 333 1 =tan |
\E%+E% B1E1 + ByEy
e CEL - i
vy 16, ] i i bt
D2+ D2 D>E| - D|E
N g; —t -1 M
0 =1X] st\ E%+E§ v = tan D\E, + Dy E>

Theo d6, cic hé sb khuéch dai co hoc va bién do dién ap sé la:

oA B%+B§
X B+
st 1 2

K2 _ Ci+C3
2_X'__\E'Z E2
st l+ 5

2 2
D1+D2

2 2
ET + E5

Vo = Xavo; vo =

(27)

(28)

(29)

(30)

€1V

(32)

Dé danh gid kha ning tich hgp ctia PSEH v6i TMD tdi uu da xem xét & muc 2 thi ta xét diéu kién
B = Bopt Va & = & o1, cu thé 12 thay (12) va (13) vao (30)—(32) d€ xdc dinh dugc cdc hé sd khuéch
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dai bién do dao dong va bién do dién ap cia hé¢ TMD-PSEH nhu sau:

. (@B, = 22) = 2Bopéropd| + B0 + k) = 2 + 20Bypir.omd| )
l =
(a [2(1 = ) = B2,,] + 228,01 + &) — 2] & ’
+ LopiAd [ 1= (L + )| E2.0pt + 40Bop 616201 + A2 A>(1 + 1)
. [/12(1 = )+ B (1 + K2 [ 22+ B, (AP = )] )
+200(A% = B, )0 + 20B0pd [ 21+ 1) = 1] 2,01 + ABopiA*Er.opi

+

2

a?+1
Ky =22 > (34)
[a |21 = 22) = B2, | + 2282, (1 + kD) = 2] &
+ 2ﬂ0pt/l [1 - /12(1 + ﬂ)] §2,0pt + 4a’ﬁopt/12§1§2,0pt + a’ﬁfz)pt/lz(l + ,u)
. [m =)+ B, (L + k) [+ B, - 1) ]2
\ + 2/10’(/12 _ﬁgpt)érl + 2a’ﬁopt/l [/12(1 + ,u) - 1] §2,0pt + 4ﬁopt/12§2,opt§1
2
Vo = At - (35)
[a |21 =22 = B3, ] + 22|85, (1 + &) = 2] & ]
+
+ 2Bop A [1 = (1 + )| Er0pt + 40Bopi AP E1E2.0p1 + i, (1 + )
[42(1 — )+ B+ O[22+ B (P = 1] )2
+
N U+ 22002 - 82,0610 + 20B,pd [P0 + 1) = 1] E2.0p1 + 4Popi P Eropi

St dung (20) va (35), ta xdc dinh dudc cong suit dién thu thap dudc tir hé TMD-PSEH chiu kich
dong ngoai la:
v:ooe 6’
R = WV&COSZ Qt +¢y) = WXEI/IA'COSZ Qt + ¢y)
201 _ 92y _ @2 2 2y 32 2 1!
(a[/l (1= ) = Bl | + 22 [B2,,(1 + k%) = 2| & ]
+
+ 2Bop A [1 = (1 + )| E2.0p1 + 40Bop A*E162,0p1 + i (1 + 1)
2
. [12(1 = )+ B (1 + K2 [ 22+ B, (AP = )] }
+ 2004 = B2, 061 + 20B0pd [ 21+ 1) = 1| E0p1 + BBopiA’Er.opiér) |
hoic biéu dién du6i dang khong thd nguyén
Pr}ut

3y2
myw, Xy,

Py =

(36)

= yaklesﬁgp,cosz Qt + ¢y) X

2 -1

|20 =) =B, | + 22|82, (1 + 2 - 2| &
[ + 2Bop A [1 = (1 + )| E2.0p1 + 40Bopi 616201 + O (1 + m} ’
R(1 = 22) + B (1 + 1) [ 4 B (P = 1) ?
’ [ + 200 = B2, )61 + 20Bop A [AP(1 + 1) = 1] opr + 4/30;,:1252,@@} |
7

(37)
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Khi d6, cong suét trung binh khong thit nguyén dudc xic dinh tir (37) 1a:

21/Q
Q Pous 1 2,52
P = — dt = = A X
av 271' Of w%mlzg Zlua'K IB()pt
- 2 -1
(a [P =2 = B3| + 285,01 + 43 - 2] &4 ] ) (38)
+ 2ﬁopt/1 [1 - /12(1 + ,u)] fZ,opt + 4a’ﬁ0pt/12§1§2,opt + 0,3(2,1,;/12(1 + ,u)
X
2
. [/12(1 = )+ Bl (1 + K2) [ 22+ B, (AP = )] }
+ 20042 = B2, )61 + 20B0pd [ 21 + 1) = 1| E0p1 + BBopiA’r opiér) |

4. Két qua va thao luin

Trong phan nay tién hanh khao sat s6 dé€ ddnh gia kha ning 1am viéc ctia hé théng co-dién trén hai
phuong dién giam dao dong cho két cdu chinh va thu thap ning lugng ctia hé TMD-PSEH dua trén
cdc cong thiic (33) va (38). Hai gia tri ban dau dugc chon 12 hing s6 trong qud trinh khio sit 1a ty s6
khdi luong x4 = 0,05 theo Den Hartog [17] d€ TMD dat hiéu qua tot vé giam dao dong va dé ché tao,
va hé sb dién trd a = 1 theo [18] d€ dat dudc cong suét dién thu hdi 16n nhéit.

7 T T T T T T T 0.25
e ; —o— £7=0.005 Lo
: A — =001 i
RN N 02+ ’27 : 3 %
6 W N 1 K =0.015 i '
\‘ X2 ! \\ 2 5 \
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Hinh 3. Mdi quan hé giita K| va P,, véi A khi «* thay d6i

Hinh 3(a) thé hién mdi quan hé giita hé sb khuéch dai chuyén vi ctia két cAu chinh K theo ty sb
tan s6 A khi hé sb két ndi co dién «? thay déi, trong khi cac hé s6 khic khong thay déi u = 0,05; @ = 1;
£ = 0,01. Nhin vao dd thi ta thiy ring tit ca cic dudng cong déu xuit hién hai dinh cong hudng,
tuong ting véi hai tin sb cong hudng clia hé ghép TMD-PSEH. Tiép theo, khi * ting tit 0 (TMD co
thong thudng) 1én 0,02 thi bién do dinh cong hudng thii nhét ting nhe, trong khi dinh cdng hudng thit
hai gidm nhe; vi tri cic dinh hau nhu khong thay ddi. Diéu nay cho thiy hé s6 lién két dién co trong
khoang nay chi anh hudng nho dén dép ting dao dong ctia két cAu. Tuy nhién, khi «*> = 0,05 su thay
ddi trd nén 16 rét hon, diéu nay chiing t4 lién két dién co qua 16n 1am mét can bang giita hai dinh cong
hudng va lam thay ddi dic tinh dong luc hoc ciia hé. Qua dy c6 thé thiy ring «* khong lam dich
chuyén dang ké tan s cong hudng nhung anh huéng dang ké dén phan b bién do dao dong giita hai
viing cong hudng. Hai dinh bién d6 dao dong 16n nhit ctia két cAu chinh c6 dugc tai vi tri A; ~ 0,91
va d; =~ 1,05.
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Hinh 3(b) thé hién mbi quan hé giita cong suit trung binh dau ra P,, vdi ty s6 tan sb A khi hé sb
két ndi co dién «* thay ddi, trong khi cac hé sb khic khong thay d6i u = 0,05; @ = 1; & = 0,01. Nhin
vao db thi ta thiy ring khi « ting, gia tri cong sut thu dudc ting ro rét trén toan b dai tin khao sat.
Dinh cong suit ludn xuét hién gan viing cong hudng thit hai (1 ~ 1,05), cho thdy day 12 ving 1am viéc
hidu qua nhét ciia bo thu hdi ning lugng. Véi céc gia tri nhd ciia > trong khoang 0,005-0,02, cong
suét ting gan nhu ty 18 v6i hé sb lién két dién co, nhung khi ¥* = 0,05 thi cong suit cuc dai ting dot
bién, 16n hon nhiéu 1an so véi cic trudng hop con lai, chiing té hiéu suit chuyén d6i ning luong dudc
cai thién dang ké khi ting cuong lién két dién co.

Két qua & Hinh 3 cho thiy hé s6 lién két dién co k* ¢6 anh hudng trai ngude dén hai chi tiéu danh
gid ctia hé TMD—PSEH. Trong khi su thay ddi ctia «* chi lam thay déi mic do khuéch dai dao dong
K1 va hau nhu khong l1am dich chuyén cdc tan s6 cong hudng, thi cong suét dién trung binh P, lai
ting rit manh khi ting «*. Piéu nay cho thiy viéc lua chon x? cin dé€ dudc ci hai muc tiéu la duy tri
kha ning giam dao dong ctia két cAu va t6i da hoa cong suit thu hdi ning lugng thi nén trong khoang
0,005 < k* < 0,02.

Hinh 4(a) thé hién mdi quan hé giita hé s6 khuéch dai chuyén vi ctia két ciu chinh K va ty sb tan
s6 A khi thay ddi hé sb can cia két cau chinh &1 = 0,002; 0,005; 0,01; 0,015; 0,02 v6i cac hé sb khac
khong thay ddi u = 0,05; @ = 1; & = 0,01. Nhin vao d6 thi ta thiy, khi & ting thi bién do cia ca hai
dinh cong hudng déu gidm rd rét. Miic giam gan nhu dong déu trén toan bd viing cdng hudng, trong
khi vi tri c4c dinh cong hudng hau nhu khong thay d6i, chiing té hé sb can ctia két ciu chinh chi yéu
4nh hudng dén bién do dao dong chif it 4nh hudng dén tan s6 cong hudng. Bén canh dé, 6 ngodi viing
cong hudng (1 < 0,8 hoiic A > 1,2), cic dudng cong gan nhu tring nhau, cho thiy dnh hudng ctia &
la khong déng ké.
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Hinh 4. Mbi quan hé gitta K| v P,, v6i A khi & thay d6i

Hinh 4(b) thé hién mbi quan hé giiia cong suit trung binh dau ra P,, véi ty s6 tan s6 A khi thay
ddi hé s can ctia két cau chinh £, = 0,002; 0,005; 0,01; 0,015; 0,02. Nhin vao do thi ta thiy cong sut
dau ra ting nhanh khi A tién gan viing cong hudng va dat gid tri cuc dai khodng A ~ 1,05-1,07. Khi
£ tang thi gia tri cuc dai cia P,, giam din, dinh cong suit giam tif khoang 0,06 xudng con khoing
0,042, tuong ting giam xAp xi 30% khi & ting tir 0,002 1én 0,02. Sau khi vugt qua viing cong hudng
(A > 1,1), cong suit giam nhanh va cdc dudng cong c6 xu huéng hoi tu.

Tir két qua ctia Hinh 4(a) va Hinh 4(b) chiing minh rang hé s6 can ctia két ciu chinh 1a mot tham
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s6 anh hudng d4ng ké dén ci ddp ting dao dong va hiéu suit thu hdi ning lugng. Viée ting & gitp
giam bién do dao dong ctia két ciu nhung 1am suy giam cong suit dién dau ra ctia bo thu ning luong.
Vi viy, trong thiét ké hé TMD-PSEH, can Iua chon hé sb can ctia két cAu & mifc hop ly dé can bang
gitta yéu cau kiém sodt dao dong va tdi da hoa kha ning thu hdi ning luong.

5. Két luan

Trong nghién ctiu ndy, cdc tham s6 tdi uu ctia bd gidm chin khdi lugng diéu chinh (TMD) dudgc
xéc dinh dua trén phuong phap thay thé tuong ducng d6i ngdu mé rong nham dat hiéu qua giam rung
t6i wu cho két cAu chinh chiu kich dong diéu hoa. Tiép theo, md hinh dién co clia bd thu hodi ning
lugng dp dién dang chdng (PSEH) dugc tich hgp vio TMD dé xiy dung mo hinh dao dong dién co
ctia hé TMD-PSEH. Phuong phép bién do phiic dugc st dung d€ gidi hé phuong trinh chuyén dong,
tlr d6 xdc dinh ddp dng co hoc ctia két cAu va dap ting dién ctia hé thong.

Két qua khao sat sb cho thdy bd gidm chin khdi luong diéu chinh khong chi duy tri hiéu qua
giam dao dong tuong duong véi bd TMD truyén théng ma con c6 kha ning chuyén ddi mot phan
ning lugng dao dong thanh ning luong dién mot cach hidu qua tai cac thong sb clia hé co-dién 1a
u =005 & =001; a=1; £ =0,01.

Miic du két qua nghién ctiu dugce xay dung trén co s& mo hinh ly thuyét va khao st sd, nhung mo
hinh TMD-PSEH hoan toan c6 kha niing dugc kiém chiing bang thuc nghiém trén hé dao dong mot
béc tu do gdm két cAu chinh, bd gidm chén khdi lugng va phan i dp dién mac ndi tiép véi 10 xo cia
TMD. Kich ddong diéu hoa dudc tao bang ban rung, trong khi dap ting ctia hé dugc do thong qua cdm
bién dich chuyén/gia tc va dién ap dau ra ctia phan i 4p dién. Céc dai luong thuc nghiém sé dudc so
sanh véi két qua mo phéng nhiam danh gid d6 chinh x4c va pham vi tin cay ctia mo hinh.

MBb hinh hién tai dudc xay dung dua trén mot s gia thiét don gian héa nhu két cAu 1am viéc trong
mién dan hoi tuyén tinh, phan ti dp dién c6 tinh chit khong ddi theo thdi gian va bd qua mot s yéu
t thuc té nhu sai s6 ché tao, khe hd lap ghép, ma sit phi tuyén va anh hudng ctia nhiét do. Vi vay,
cdc gia thiét nay c6 thé giy sai léch nhat dinh vé gid tri tuyét ddi ctia bién do dao dong, dién dp va
cong sut thu hoi. Tuy nhién, chiing khong 1am thay déi ban chét tuong tic co—dién va xu huéng anh
hudng ciia cic tham sd khao sat. Cac nghién cifu tiép theo can két hdp md hinh thuc nghiém, tai phi
tuyén, dao dong ngiu nhién va mach thu hdi niing lugng thuc t& d&€ dinh gia toan dién hon kha ning
ung dung ctiia hé TMD-PSEH.

Nhin chung, két qua nghién ctiu khiang dinh ring hé¢ TMD-PSEH la mot giai phap chiic ning kép,
vita nang cao hiéu qua kiém soat dao dong ciia két cAu, vira tin dung ngudn ning lugng rung dong dé
thu hdi ning luong dién. M6 hinh va phuong phép phan tich duge dé xuit c6 thé dudc sit dung 1am co
s& cho viéc thiét ké va tdi uu cac hé thdng gidm dao dong tich hgp thu hdi ning lugng dp dién trong
céc cong trinh dan dung, cau, dudng dng, két ciu thép va cac hé co khi chiu dao dong trong thuc té.
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