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Thiét ké giam chan két cau bang heé bé chua
da tan coé déi chiéu thi nghiém trén ban lac

Design and test of multi tuned liquid damper to control vibration of structure
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TGM TAT

Hign nay, cac cang trinh dugc xay dung ngay mat cao hon, chiéu
cao cong trinh tang dan dén sy nhay cém vai céc tai trong dang
nhu gia hay dang dat, diéu nay lam cho téi trong ngang truyén vao
cong trinh lan hon rat nhiéu. Khi &y tigt dién cat, vach |an cdt thep
trong céu kién tang 1am &nh hudng dén yéu td thdm my cing nhu
chi phi xay dung. Vigc diéu khién dao dang hay gidm chén cho nha
cao tang duoc ddu tu xem xét rét nhigu trong thi gian qua, trong
da bé nurdc mai st dung nhur thigt bi khang chan dang chat lang vai
nhiéu vu diém phu hop diéu kien tuy nhign & Viet Nam nén rat cén
dugc nghién ciu. Trong bai bao nay, céc thang sd dic trung coa
ket cau va thigt bj giam chén da tan béng chat lang (MTLD) dugc
phén tich bang phan mém Ansys. K&t qué cho thay hieu qué gidm
chén cia thigt bj nay len dén 85% trong truang hop ching dao
dong diéu hoa. K&t qua nay ré&t phu hgp vai thi nghiem duge kigm
ching tai Phang Thi nghiem khang chan thugc Khoa Xay dung,
Truang Dai hoc S pham Ky thuat TP.HCM.

Tir khoa: Dang luc hoc ket cau; diéu khién dao dang; bé nuac mai;
he giam chén da tan, khang chan.

ABSTRACT

Nowadays, there are more and more high-rise buildings.
Increasing building height leads to sensitivity to dynamic |oads
such as wind or earthquakes, which makes horizontal loads
transmitted to the building much larger. At that time, the cross-
section of columns, walls, and reinforcement in the structure
increased, affecting the aesthetic factor as well as the
construction cost. Vibration control for high-rise buildings has
been much considered in recent years. Roof water tank as tuned
liquid damper have many advantages and are suitable for Vietnam
conditions, so it is worth studying. In this article, the
characteristic of the structure and MTLD are analyzed by ANSYS
software. The results show that the damping efficiency of this
device is up to 8% in the case of harmonic loading. This result is
consistent with the experiment on the shaking table verified at the
Earthquake Laboratory of the Faculty of Civil Engineering, Ho Chi
Minh City University of Technology and Education.

Keyword: dynamic structure, vibration control, roof water tank,
multi-tuned liquid dampers, harmonic analysis, seismic resistance.

1.GIGI THIEU

Co ché hoat dong cla thiét bi Tuned Liquid Dampers - TLD
(Hinh 1) 1a st dung luc quan tinh do séng chat 16ng hinh thanh
bén trong bé chia dat dén gia tri cuc dai va ngugc pha véi chiéu
chuyén ddng clia cong trinh can diéu khién khi tan s riéng cla
thiét bi bang tan sé riéng cta céng trinh dan dén hién tugng céng
huéng [1].

Trong nhiing nd3m qua, cac chuyén gia diéu khién dao dong két
cdu da c6 nhiéu phat trién trong viéc nghién ctiu tim hiéu vé thiét
bi khang chan dang bi dong nhu thiét bi cach chan day, thiét bi
khang chan bang qud nang (con ldc ngugc) hay Tuned Mass
Damper, thiét bi khang chan bang chat 16ng [2]. B& chia chat 16ng
lam viéc nhu thiét bj khang chan cho thdy nhiéu uu diém vi: chi phi
thap, dé l4p dat, dé bao tri, tén it khéng gian, c6 thé st dung nhu
bé nudc sinh hoat va dic biét |a ing dung dugc cho cac cong trinh
da xay dung ma chua c6 thiét bi khang chan [3]. Trong bai bdo nay,
hé két cau chinh st dung nhiéu bé chiia chat 1dng (Multi tuned
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liquid dampers - MTLD) va méi bé& dugc mé phéng day da hai mién
ran va ldng. Co hé dugc mé phong s6 nham khao séat hiéu qua, so
sanh su lam viéc ctia két cau dudi tac dung cua tai trong dong khi
cé va khong c6 st dung thiét bi khang chan.
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2. COSGLY THUYET
2.1. Phuong trinh déng luc hoc co hé
Phuong trinh déng luc hoc cho két cau dugc mé ta nhu sau:

[ Y (o) [T ()} + [ ()} ={ 7 (1)} M

Trong do:

[M], [C], [K]: Lan lugt la ma tran khoi lugng, ma tran can va
ma tran d6 ciing

{ii(t)}, {u(t)}, {u(t)} = Lan lugt la vector gia t8c, van téc va
chuyén vi tai nat

{F“ (t)} = Ngoai luc tac dung Ién co hé

D& gidi phuang trinh (1), c6 hai phuong phap phé bién thudng
dung trén mién thoi gian la: Phuong phap chong chat ham dang
(PPCCHD) va phuong phap tich phan tryc ti€p (PPTPTT) [4].
PPCCHD sé sl dung téng cac ham dang théng qua phan tich tan
s6 dé tinh toan phan Ung két ciu. Day la phuong phap tén it thoi
gian nhung hau nhu chi xét dén dac tinh tuyén tinh cho két cdu
(chi xét phi tuyén don gian nut - nat & mat ti€p xuc) ciing nhu chi
xét tuong tac ran-1éng (fluid-structure interaction FSI) mot chiéu.
PPTPTT con goi la phuong phéap toan phan - full method sé s
dung toan phan hé ma tran dé tinh toan ung x{ ctia két cau theo
thai gian. Pay la phuong phép téng quat vi c6 xét dén cac thuéc
tinh phi tuyén (bién dang déo, bién dang I&n do thay d&i d6 cing
két cdu), rat hiéu qua dséi véi mo hinh dung phan tir SOLID trong
ANSYS va c6 kha nang xét FSI hai chiéu. Va day la phuong phép su
dung trong nghién ctu nay.

Trong cac phuang phéap s6 hién dai nham tim nghiém cho
phuong trinh (1) c6 thé ké dén nhu Houbolt, Wilson, Hilber -
Hughes - Taylor, Newmark ... Trong d6, gidi thuat Newmark dugc
st dung réng rai va hiéu qua nhat do st dung thuat toan mét budsc
[5]. (1) dugc viét lai:

(M i} +[C s} +[K Rt} = { ] b)
Véi:
{iin+l}’ {dn+1}, {“n+1} =

nut & thdi gian 7, ,

Vector gia toc, gia t6c va chuyén vi tai

{ ,,”H} = Vector tdi trong tac dung { ol (t,,H)} G thoi gian

n+l
Chuyén vi va van téc trong gidi thuat Newmark sé dugc tinh
nhu sau [6]:

{igar} = {i } + [ (1= 8) iy } + O i} | At 3)
{unﬂ}:{un}At-kK%—a]{ L+ afi M}}A,z @

Trong d6 @, la cac hé s6 cua Newmark, {u, }, {1, }, {ii,} 1an
lugt la chuyén vi, van t6c va gia téc nut tai méc thoi gian ¢,
{1} {tins1 ) {iiy i1 } 180 luot 1a chuyén vi, van téc va gia téc nat
tai méc thai gian ¢,,;. So d6 tich phan Newmark ton tai ba an s
chua biét 1a {ii,y}, {ti,s1} V& {,,,}. Cac &n nay c6 thé tinh
théng qua ba dn dé biét {ii,}, {u,}, {i,} bang cach két hop cac
phuong trinh (2) va (3), &n {u,,,} tinh dugc théng qua phuong
trinh:

(ao[M T+ a[CT+[K Pttt} =

~{ T Yo o} ) i} + ©
N {wn} + g fin} + s i })
Trong do6:
R S R S S
0T oa e P aar P 2a
S At S
a4=;—1, 05:?(;_2} a():At(l—é'), az = oAt

Sau khi dn {u,,,} tinh dugc théng qua phuong trinh (4). Cac

dailuong {ii,} va {ii,,} dugctinh theo:

{1} = ag ({utnsn} = {un}) = a2 i} — a3 6)
{dn+l} { }+%{ }+”7{n+1} (7)

Su hiéu qua cta phuong phap Newmark dugc danh gia thong
qua tinh én dinh va dé nhiéu. Tinh 8n dinh dnh hudng bdi budc
thdi gian At, gia tri Af phai di nhé dé ghi lai dugc phan tng két
cduva At dugc ldy bang 1/20f vdifla tan s6 dap ting. D6 nhiéu
do giai thuat s6 trong phuang phap Newmark diéu khién théng
qua biénsé &':

{i
J-

:%(1”)2 va 5:%+7(vc’1iy20) ®)

Gid tri Y dugc Newmark dé xudt y=0.1 véi PPTPTT va

y =0.005 véi PPCCHD [6].

2.2. DBo6can

D06 can la dai lugng thé hién su tt dan cla dao dong két cau,
do d6 d6 can c6 anh hudng khi két cau chiu tai trong dong nén
dugc dé cap dén trong bai nghién ctru. M&i mode dao dong cla
két cau co cac ty s6 can khac nhau, do PPTPTT khéng di tim mode
dao déng nén dé duy tri ty s6 cdn trong mot pham vi tan s6, mot ly
thuyét can dugc st dung la can Reyleigh do day la ly thuyét can
dugc st dung trong phan mém mé phong. Can Reyleigh dugc viét
lai dudi dang [7] va vé lai nhu Hinh 2:

[Cl=alM ]+ plK] ©)

Trong do:

[M ][ K ]: Lan lugt 1a ma trén khéi lugng va ma tran do cing

a, B: Lan lugt la hé s6 can khoi lugng, dé cing

I 1¢ cin di cumg- P

Cim Revlaigh

Ti v i £

Tan s hr mhien T,
Hinh 2. Quan hé tan s6 - ty s6 can trong 1y thuyét can Reyleigh
Trong céng thic can Reyleigh, khéi lugng sé anh hudng 16n
dén hiéu qua can & tan so6 thap hon va dé cling sé anh hudng doi
v8i tan s6 cao hon. Vithé « va £ 1a hai thudc tinh dai dién cho tan
s6 thap hon va tan s6 cao hon.
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Ti s6 can & & mbi tan sé f; la khac nhau, do d6 hai gia tri o va
f cing thay déi. Gia sU, trong khodng tu tan s6 f; — fj (ing véi
tan sé vong @; - w;)séco tis6 cdntuong ing & — &, ava f
sé dugc tinh nhu sau:

) C()] —@; 95
o a)ia)j i
=— 1 1 10
i I "
J ! a)j ;

Tuy nhién, d€ dan gian c6 thé coi ti s6 can gan nhu la hing s6
§=¢;=¢ trén mot pham vi tan s6 f; — f;. Ldc nay phuong
trinh trén trg thanh

*l__Ze )OO (1)
Bl w+o;| 1

2.3. Phuong phép sé trong bai toan chat ldng ctia TLD
Phuong phép thé tich hiiu han (Finite Volume Method - FVM) la
phuong phap s6 dung dé gidi cac bai toan cd luu chat bang céch rai
rac cac khéi thé tich (cell), cac khéi thé tich nay lién két véi nhau bang
6i “cell” déu phai thda man phuong trinh
chu dao Navier-Stoke dac trung cho dong chay nhu sau:

cac mat tiép xuc & cac nat. Méi

V.v=0 (12)
%(pv)+v~(pVV)=—Vp+V|:/1(VV+VVT)]+F (13)

Trong d6 V la trudng van téc; p va g lan lugt la khéi lugng
riéng va dé nhg, p la ap suat con F 1a luc khoi. Do TLD la hé chat
luu gém hai pha: Pha nudc (Water) va pha khi (Air), dé giai cac
phuong trinh (12) va (13) can gidi cac phuong trinh con va xay
dung m6 hinh da pha nhu bén duéi.

2.3.1. M6 hinh da pha Eulerian - Eulerian

Mé hinh da pha (Multiphase) dugc sit dung dé moé phdng mién
chat luu. Trong mé hinh da pha Eulerian - Eulerian, c6 hai dang la
khéng déng chat (inhomogenerous) va déng chat
(homogenerous). M6 hinh khong déng chat cho phép hai pha
truyén dong lugng, nhiét va khéi lugng truc ti€p thong qua bé mat
ti€p xuc cha chat luu. Cac pha sé truot véi nhau va cé cac trudng
dac tinh khac nhau. M6 hinh déng chat la mét trudng hgp dac biét,
& mé hinh nay céac chat luu st dung chung moét trudng théng
lugng nhu la nhiét d6 va sy chay réi. Cac pha sé khéng trugt véi
nhau do d6 day la mé hinh phu hgp d€ mé phéng trong bai
nghién cutu.

Méi pha trong da pha sé dugc dac trung bdi phuong trinh ty sé
thé tich C. Phuang trinh clia hé s6 C sé cung dang véi phuang trinh
bao toan khéi lugng nhu sau:

G_C +v-VC=0 (14)
ot
C c6 gia trila “1” khi phan ti chat long la day, triét tiéu bang “0”

khi phan ti réng va c6 gia tri trung binh “0.5” khi phan ti nam trén
bé mat gitra hai pha (
Hinh 3).

Bé mit hai pha
Ca=Cw=05

O

Hinh 3. Pha nudc va pha khi trong TLD
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Cac dac trung vat ly cta khoi lugng riéng trén 1an 2 pha la p
va do nhét 1 dugc moé td nhu ham s6 cdia ddc trung pha va hé s6
ty lé thé tich C, dac trung bdi ty s6 clia thé tich chat 16ng trén téng
thé tich phan t& chat 16ng trong phan td tinh toan:

p=Cpy+(1-C)py (15)

p=Cuy +(1-C) (16)

Trong d6, W va A dai dién cho pha nudc va pha khi. Ngoai ra,
dé giadi dugc phuang trinh chd dao (13) can thém céc phuong trinh
diéu kién bién dac trung cho chat luu gébm cé phuong trinh lién
tuc, phuong trinh déng lugng va phuong trinh nang lugng.

2.3.2. Cac phuang trinh dong luc hoc chat luu

Moi mién chat luu déu dugc moé ta théng qua phuong trinh
lién tuc, phuong trinh déng lugng va phuong trinh nang lugng [8].

a. Phuong trinh lién tuc

Phuang trinh lién tuc dugc mé ta bai cac khéi thé tich vi phan
¢6 kich thudc (dxdydz) nhu Hinh 4. Theo dinh luat bao toan khéi
lugng, téng khéi lugng theo ba truc X, ),z phai bang véi dinh

muc thdi gian thay déi khéi lugng %(pdxdydz)

[ 2 ]
| - +— dydz
pu dx{pu}dx y

[pu] dydz

Hinh 4. Khdi thé tich vi phan

Xét khai thé tich vi phan déc lap véi thdi gian, phuong trinh
lién tuc sé nhu sau

p 0 ) )
—+—(pu)+—(pv)+—(ow)=0 (17)
i ) ay(p )+ (pw)

Trong do6, p la khéilugng riéng, ¢ la thoi gian, U,V va w lan
lugt 1a van téc theo truc X,y va z.Bang cach st dung vector dai
dién, cac dai lugng u,v va w dugc viét lai theo vector van téc va
vector gradient nhu sau:

Vouitvjrwk vav=is 25,95 (18)
ox oy 0z

Tu (18), phuong trinh (17) dugc viét lai thanh:

P LY pv=0 (19)

Ot

Hai phuong trinh (17) va (19) dai dién cho dong chat luu trong
khéng gian ba chiéu & trang thai khong én dinh. Néu chat luu
khéng nén dugc, dé gidn nd thé tich cla phan td chat luu theo
thai gian la zero, lGc nay phuang trinh lién tuc cho ca trang thai 6n
dinh va khéng én nhu la:

v L (20)

ox 0Oy 0Oz

b. Phuong trinh @ong lugng

Phuong trinh déng lugng cho chat luu dugc thiét lap dua trén
dinh luat Il Newton cho khdi thé tich vi phan (dxdydz) c6 khéi
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lugng c6 dinh m. Gia s, chat luu bi tdc ddng bdi ngoai luc trén
mét don vi khéi luong dugc biéu dién bai vector nhu sau:

E:Bxf+By}'+lez (21)
Ap dung dinh luat Il Newton theo truc x, ta cé:
V.F =ma (22)

Vi V.F va a lan lugt 1a gradient ctia luc va gia téc. Chia toan
b6 phuang trinh (23) cho mét phan ti thé tich thi dugc phucng
trinh:

pE +Vo= pZz (23)

Cac phuong trinh trén Uing vai cac chat luu chiu tac dung cla
luc hdp dan. DB6i véi chat luu Newton chi c6 mét hé s6 nhét dong
hoc, cac phuong trinh trén c6 thé thu gon thanh:

- Voo - ) e —
pa = p[aa—V+ V.VVJ =pB-VP+uv'V +§V(V.V) (24)
t
Trong phuong trinh trén, pZz goi la lyc quan tinh ban than
y - . = 2= u—=(=—
chatluu, pB 1aluc khdi, VP 1aép lucva uV V+§V(V.V) la luc

nhat. Day goi la phuong trinh Navier - Stocke cho chat luu Newton
nén dugc, ddi véi chat luu khong nén duac (§.I7=0), phucng

trinh Navier - Stoke dugc viét nhu sau:

- - VP p=2-

a="—+VVV=B-——+2Vy (25)
ot p P

¢. Phuong trinh ndng lugng

Phuong trinh nang lugng chi anh hudng dén sy truyén nhiét
cla cac chat luu, do d6 bai nghién ctu bé qua su anh hudng cua
nhiét d6i vai chat luu.

2.3.3. Mat thoang

Mat thoang la bé mat chat gilra hai chat luu dugc rang budc
béi hai diéu kién: Diéu kién ddong hoc (Kinematic) lién quan dén su
chuyén déng clia bé mat va diéu kién dong luc hoc (Dynamic) lién
quan dén su can bang luc & mat thoang

a. Diéu kién déng hoc (Kinematic condition)

Do chét luu khéng xuyén qua dugc mat thoang nén van toc
thanh phéan cta chat luu tai mat thoang bang vai van téc mat
thodng dugc mo ta thong qua phuong trinh sau:

[(v—vb).n]ﬁ =0 (26)

b. Diéu kién déng luc hoc (Dynamic condition)

Luc tac dung 1én chat luu tai mat thodng dugc can bang nén
moment dong lugng dugc bao toan, dai lugng déc trung cho diéu
kién doéng luc hoc la ing suat cang bé mat gilta hai pha. Tuy nhién,
do dé dé dang dat su hoi tu va tiét kiém thdi gian cho bai toan, bai
nghién ctu bd qua ting suat cang bé mat gilra nudc va khéng khi.

2.3.4. Md hinh chay r6i

Chay réi la su bién thién trudng dong chay trong khoang thai
gian va khoang cach. Su chay réi cé anh hudng khéng nho déi vai
dac tinh dong chay va dugc mé ta theo [8], trong d6é dong chay roi
xudt hién khi luc quén tinh trong chat luu tr& nén dang ké khi so
Vi lyc nhét dong hoc va n6 dugce dinh nghia bai s6 Reynolds. Mot
s6 phuong phap d& mé phdng su chady réi la RANS (Reynolds-
averaged Navier Stoke), LES (large eddy simulation) va DES
(detached-eddy simulation). Bai nghién cttu chi st dung RANS.

Déi véi chat luu thay déi theo thdi gian, phuang trinh RANS
dugc mo ta nhu sau [9, 101:

V=v+v 27)

a—p+i( pV) =0 (28)

opV, 0 ==\ op 0 —
Ly Zpy ) =L+ (o, —pV V. )+S (29)
ot axi(p J ) ox; axi( iR ) M

Trong d6 V; lan lugt 1a van téc thanh phan, o la tng suat can
bé mat, p la ap suat va S, la déng lugng ban dau. Mot trong
nhimg mé hinh chay r8i RANS c6 thé ké dén nhu k—w, SST,
k—g,... trong d6 mé hinh k —¢ dugc st dung réng rai nhat do
do6 bai nghién cdu s& dung mé hinh nay. Bay la mo hinh hai
phuong trinh trong d6 k& thém hai phuong trinh van chuyén dé
mo ta dac tinh dong chay. M6 hinh k — ¢ rat hiéu qua trong viéc
mo phéng 16p dong chay khong ma sat cat va chénh léch ap suat
nhé.

3. MO PHONG HE KET CAU CO TLD BANG ANSYS

Phan mém Ansys dugc st dung véi cong cu Mechanical ADPL
dé tinh toan két cdu va CFX dé mé phdng mién chat 16ng. Mé
phong tuong tac két cau - chat long trong Ansys ¢é hai dang: (1)
Tuong tac mot chiéu (FSI 1-way) la kiéu tuang tadc ma su dao déng
cla chat 16ng la diéu kién bién ngoai luc tadc dong gay ra chuyén vi
cho két cau. Nhing bién dang, chuyén vi nay khéng du 16n lam
anh hudng ngugc trd lai cho mién chat 1dng. Trong kiéu tuong tac
nay, mién chat long sé truyén luc 1én két cdu. (2) Tuong tac hai
chiéu (FSI 2-way) la kiéu tuang tadc mét chiéu cé thém anh huéng
cla dao dong két ciu lén mién chat 1éng. Trong kiéu tuong tac
nay, mién chat 1éng sé truyén luc lén két cau, két cadu nhan luc va
dao déng gay ra chuyén vi truyén ngugc vao mién chat 1dng. Day
la cach mé phong TLD hoat dong va dugc st dung trong bai
nghién cdu.

- "
Mo hanical AP CFX Sohver
|
1 1
ThiEt 16 v khii &Gng bink bod b 36
- B thén cpan tinh todn
- [T W brungin gl bl Sclver
- Dfing b hé hutl tuting e
- Thist R i kifin ban offin
|
i " P
1 Bt ddu wing ldp b ob 1

—_—
‘a-r!!.i‘. eliu wirg 5 mo Soher |

B i tind todn -
Chia 5& bude lp bl &3 vl budc lp Sciver
1 L]
Timh Lo

= Trungn oiF kb giils che Solver o budc tnk hidn ta
- APDL: Phuong trinh d8ng luic hoe kit ciu

+ Nidn: Lyt W OFx

+ Truyen: I:.‘u::,'\fn o EE

CFX- Phwring trinh Nasier « Saok:
+ NIEin: Churyén of 1 APDL
+ Truyln: Luc do dao Bing s0ng chilk lng
Dinh gid hil by
{ cho mi Solver
Khing .’I witd tinh dG 1 "-Ill."ti-( e ol ) Kning
| a2 | el bug 7 J
o~ " e &1 "\
Khing | Ex) thel gian B thel glan | khing
| md phing ¢ el phidng 7
i : 1
1o b
(birg ) {'Dirg )
Ly <7 h

Hinh 5. S d0 gidi thuat FSI trong Ansys
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4. ViDU TiNH TOAN

DPé danh gia hiéu qua khang chan ctia MTLD, khung thép va hé
bé chda chat 16ng MTLD duoc ché tao tai Trudng Pai hoc SPKT
TP.HCM. Hé khung thép - bé dugc gén véi dong ca truc khuy cho
phép tinh tién khung dé gia lap tai trong dong.

4.1.Phan tich dai lugng dac trung két cau khung - bé

Khung thép nhu Hinh 6 véi cac dac trung mo td & Bang 1 va
Bang 2 dugc dung dé mé phoéng sé va phan tich thuc nghiém.

5,b:ng}%m[%jzom
m 5] .

9, 0.0313
—>&p = L =

JerP 18,2 2r)P 00313
Chu ki va tan s6 dao dong cé ti s6 can 0.5% :
-t 29.85-252

~0.005=0.5%

Bang 1.Dic trung hinh hoc Ta m 10
A , . Khéi
STT Mé hinh Kich thudc lugng =0.465(s) > f; :Tizﬁzz_ls(hrz)
Cot the Cao 1.1m - Budc cot 0.52m 97k S d .
1 otthep - Pudng kinh 10mm 7kg Vay tan sé riéng cia khung thuc nghiém
2 Santhép | 0.65m x0.65m-Day5mm | 16.6 kg fade 25 s
3 | Hébé&mica | 5b&-0.1mx0.15mx01m | 3kg J1-&,2 J1-0.0052
4 Téng khéi lugng = 22.3 kg Bang 3. Dic trung tan s6 va do can
Bang 2. Ddc trung vat ly Mode Ansys Thuc nghiém D0 cdn w=0.005
STT Vatlieu Kho.lnluqng Moduln‘e. dan Hg sO 1 2.0747 215 a=0.0651912
riéng hoi poisson 2 2.0755 £ =0.00038349
1 Thép 7850 kg/m? 210 GPa 0.3 3 3.6422 ’
Mica ; 42. Thiétké MTLD
2 (Acrylic) 1000 kg/m 2.7 GPa 0.27 Tai trong dong kich thich hé ngay tai tan sé riéng chua han gay

Khung thép khi c6 mang hé bé chia chat 16ng nhu thiét bi
gidm chan nhu Hinh 6. Chi tiét thiét ké & phan 4.2 hodc phuong
phé thiét ké c6 thé xem thém & cac bai bao clia cling tac gia.

E‘sl= -

ll'l'q';' ! ]

=

Hinh 6. Hé khung - bé trong thuc t€ va mé phéng

Dé xac dinh dugc ty s6 cdn dé tinh todn hé s6 o va [ khimo
phdng nham gidi quyét (9), hé khung va bé dugc kéo khai vi tri can
bang va tha cho dao dong tu do vdi bién d6 ban dau 4 cm. Pap
Ung dao dong cla khung theo thai gian dugc do lai bang thiét bi
ban I3c, chi tiét thé hién § Hinh 7.

Dao déng khung - bé tat dan

20
15
10

o

Bién @6 dinh khung (mm)

Thoi gian (s)

Hinh 7. Thi nghiém xac dinh tan s6 va ty so can
1, =25.2(s) > 4 =11.62(mm)

s6 chu ki thuc
ty =29.85(s) — Ay =8.5(mm)

Xét tai thoi diém {

hién m=10
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ra cdng hudng ma dai tan sé nay c6 pham vi tir 0.95f,, —>1.05f,, .
Cu thé, thiét bi do cta ban lac ghi nhan tai tan s6 f =2.08(Hz)
lam hé khung bé dao déng cuc dai nhat. Do d6, day cling la tan s
kich thich tai diéu hoa cho khung - bé ciing nhu Ia tan s6 thiét ké
MTLD. Viéc thiét ké hé bé chira da tan c6 thé tim hiéu thém tai cac
nghién clu trudc day cla tac gia [11].

S6TID - Kich thunge TLD

. I
TLDMhirm Khang dat Dat
1

Chiéu cao mrde h

= BitrieicTID

Khii lircm g nindic
g ¥di tin 5 néng viu ciu 1-3%

Hinh 8. So dd quy trinh thiét ké TLD

Tu d6 c6 dugc két quad thi€t k& 5-TLD kich thudc
0.15><0.1><O.1(m3) nhu & Hinh 6. Chi tiét lugng chat 1dng dé hé

MTLD lam viéc nhu thiét bi da tan dugc thé hién & Bang 4.
Bang 4. Tém tat thiét ké 5TLD cho khung thép

Mkhung +
STT mbi ”f:gL)D (ﬁ‘;) (::::) Ghi chii
(kg)
1 0.269 1.99829 18
2 0.284 204231 19
3 223 0.299 2.08398 20 Bé trung tam
4 0314 212345 21
5 0329 216083 n

4.3. Sosanh két qua s6 véi thi nghiém trén ban lac

Sau khi tinh todn thiét ké dugc thiét bi MTLD cho co hé. Hé
khung+bé dugc kich thich tai diéu hoa vdi bién dé ban rung
A=0.5(mm) & tan s6 thuc nghiém  f,cnoniem = 2-08(Hz) va md

phdng Sansys =2.07(Hz) . K&t qua tinh toan dugc so sanh vai thuc
nghiém nhu & bang 5.
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Bang 5. Dé&i chiu chuyén vi dinh khung gira mé phéng s6 véi thuc nghiém

Gia téc nén dién hoa

Gia e (mfs2)
Chuyén vi dinh klmng (mm)

Thin gan (%

Thure nghigm

Tii diéu hoa - 3 TLD

1.5 1.5
o
g 15 E\,\_N ! E
=] R -}
= 0 &M =
:  fBNEe E
= s R S =
Eas ‘:”ﬂ%: -
g, [IHEN

45 45

Thei gian (5)

Thire nghiém ANSYS Thire nghiém

Ngoai ra dé thdy dugc dé chinh xac cia mé phéng s6, hinh anh

dao déng ctia séng chat 1dng bén trong bé chua tai thai diém 3.0 s
dugc thé hién & Hinh 9.

Hinh 9. Hinh dang song chét 16ng 6 thoi diém khoang 3.0s dugc kich tai diéu hoa

5. KET LUAN

Kha nang khang chén cia TLD la rat tét, dac biét khi s6 lugng TLD
tang Ién thi hiéu qua cla thiét bi cang tang. Trong trudng hgp nay sé
luong bé chita 5TLD dugc xem nhu [a t8i uu d6i véi khung 1.1m.

MTLD giGp gidm dén 85% (45 mm con 2 mm) chuyén vi dinh
trong trudng hgp cong trinh chiu tai trong dao déng diéu hoa.

Cac tinh toan dugc doi chiéu vai thi nghiém trén ban 1ac cho
thay su chinh xéac ctia phuong phap s6.

Tai diéu hoa - Khong TLD

Thot gian (5)

Tii diéu hoa - 3 TLD

Tii diéu hoa - 1 TLD

Chuven vj dinh khung (o)

Thei gian (5)

ANSYS

Thire nghiém ANSYS

S0 sanh mé phong

Chuyen vi dinh khung (mm)

Théi gian (s)
Thai gian (5)

Khong TLD 1TLD
ANSYS

3TLD 5 TLD
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