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TOM TAT

Dao ddng ciia hé dwong ong va két cdu co khi cong nghiép thuwong xudt hién duéi tic déng
ciia cdc nguon kich dong tuan hoan nhw réi dong chay, dao déng dp sudt va thiét bi quay. Do d¢ cdn
co hoc nhé, hé dé xay ra céng huwong, lam ting bién dé rung va dnh hwong dén dé bén, an toan va
do tin cdy van hanh. Bai bdo trinh bay kha nang wng dung cua thiét bi tat chan dong luc diéu chinh
khéi heong (Tuned Mass Damper - TMD) nhw mét gidi phdp thu déng dé kiém sodt dao dong cong
hieong ciia hé duwong ong. Néi dung tdp trung vao co sé 1y thuyét, quy trinh thiét ké va khdo sat cdc
tham s6 t6i wu ciia TMD. Két qua cho thay TMD c6 tiém ndng g dung tot trong thiét ké méi va
cdi tao hé co khi cong nghiép, déc biét trong nhitng trwong hop can han ché can thiép vao két cau
chinh.

T khéa: Dao dong; Cong hwong; Hé duwong ong; Két cau; TMD; Gidm rung.
ABSTRACT

Vibration in piping systems and mechanical structures is common in industrial applications,
especially under periodic excitations such as flow turbulence, pressure pulsation, and rotating
machinery. Due to low inherent damping, these systems are prone to resonance, which increases
vibration amplitude and reduces fatigue strength, safety, and operational reliability. This paper
presents the application of Tuned Mass Dampers (TMDs) as a passive solution for controlling
resonant vibration in piping systems. The study focuses on the theoretical basis, design procedure,
and parametric investigation of optimal TMD characteristics. The results show that TMDs have
strong potential for both new design and retrofit of industrial mechanical systems, particularly
when intervention in the primary structure should be minimized.
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1. PAT VAN PE

Trong cac hé dudng éng cong nghé va
két cAu co khi cong nghiép, dao dong 1a hién
tuong thuong gip do hé ludn ton tai cac tan
s6 dao dong riéng va thudng lam viéc dudi tac
dong cua cac nguodn kich dong tuan hoan nhu
16i dong chay, xung dong ap sudt va cac thiét bi
quay [1], [2]. Khi tan sO kich dong trung hoac
gan trung v6i tan s6 cong huong, bién d¢ rung
c6 thé ting manh, gy Ung sudt dong 16n, hu
hong moi va lam gidm d6 tin cay van hanh cua
hé théng [1], [2], [6].

Trong thyc tién, g1a1 phap thuong dung
1a gia ting d6 clmg ctia hé dé dich chuyén tan s6
cong huong ra khdi vung kich dong. Tuy nhién,
giai phap nay thuong lam tang chi phi, gay kho
khan thi cong va chua luén bao dam hi¢u qua
6n dinh khi pho kich dong chua duoc nhan dién
day du [1], [2], [6]. Trong bdi canh dé, thiét bi
tat chan dong luc diéu chinh khi lugng (Tuned
Mass Damper - TMD) 1a mdt gidi phap thu
dong c6 kha nang giam dao dong cong hudng
bang cach bo sung mot hé dao dong phu gom
khdi lwong, phan tir dan hoi va phan tir can vao
hé chinh [1], [3], [7].

Céc nghién ctru trude day cho thiy hiéu
qué ctia TMD phu thudc cha yéu vao ty sé khoi
lwong, ty s6 tan sd diéu chinh va ty s6 can [3],
[7]. Pong thoi, cac phuong phap mo hinh hoa
tuong duong cling cho phép don gian hoa qua
trinh phén tich va hd tro Iya chon tham sb thiét
ké [1], [4], [5]. Trén co s& d6, bai bao tap trung
trinh bay co so ly thuyet quy trinh thiét ké va
khao sat cac tham s6 t6i wu ctia TMD nham
danh gia kha ning (mg dung thiét bi nay trong
kiém soat dao dong cua hé dudong ong va két
céu co khi cong nghiép [1], [6], [7].

Hinh 1. B6 giam chan khoi heong diéu chinh ldp
trén hé thong dwong ong

2. NOI DUNG NGHIEN CcUU
2.1. Co s6 ly thuyét ciia thiét bi TMD

TMD 1a thiét bi k¥ thuat duoc sir dung
dé giam rung dong trong cac hé co hoc. Vé cau
tao, TMD gdm ba thanh phan chinh: khi lugng
phu m, dugc gin v6i két cAu chinh thong qua
mot phan tir dan hoi k, va mot phan tir can nhot

ket cau chinh c6 kh01 lugng m, duoc lién két
V01 nén théng qua 10 xo k, va phan tir can nhort
¢,. Trong mot s6 truong h0’p, do can cta két cau
chlnh co gia tri nhé nén nguoi ta thuong cho ¢,
~ 0 dé tinh toan t6i wu (Hinh 2).

Nguyén 1y hoat dong ciia TMD duya trén
viéc diéu chinh tan so riéng ciia khéi lugng phu
sao cho gan bang véi tan s6 dao dong ciia hé
chinh. Khi hé chinh bi rung do tdc dong nhu
gi6 hodc dong dat, khdi lwong phu s& dao dong
nguoc pha, tao ra lyc d6i khang giup g1am bién
d6 dao dong. Co ché nay lién quan truc tiép dén
hién tuong cong hudng co hoc, nhung duoc
khai thac theo hudng c6 loi dé tiéu tan ning
luong dao dong.
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Hinh 2. a) M6 hinh TMD; b) Mé hinh cdn bang hec €
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Phuong trinh mo ta hé két cau dudng
ong c6 gan TMD tuong duong véi mo hinh co
hoc hai bac tu do:

mytiy + iy + k, — ¢,y —kyu, = F (1) 0

myiiy + c,u, + kyu, = —myi,
Trong d6: u,, u,la toa d6 tuong ddi cua

khéi hIO’ng m,, m, so v&i nén, F(1) 1a luc kich
dong diéu hoa du:oc biéu dién theo:

F(r):FOcosQf ()

Véi Q 1a tan sb cua luc kich dong lén
két cau chinh m, 7 la thoi gian.

bat cac bién sau:

_m @, 22
R L Er B WO

va thuc hi¢n phép ddi bién:

_ _ - T T _ . TR I
1= O7,u, =X, = 0, i = o)X, u, = x,,00, = ok, = 0%, (4)

Khi dé, hé phuong trinh (1) s& chuyén
thanh hé phuong trinh khong thr nguyén sau:

5+ 2865 + X —2uP8,%, — pf’x,
X, +26)x, +ﬂ2x2 ==
Trong d6, phuong trinh (5) biéu thi dao

ham theo thoi gian khong thtr nguyén t, va do

vOng tinh cua két cau chinh dugc xéc dinh:

Xst = E) /kl (6)

=X, cos At
()

Véi: 0, va o, 1an luot 13 tan sd tw nhién
clia cdu truc chmh M, £, B Aty sb kh01
lu0’ng, ty s6 can, ty s6 tan sb diéu chinh va ty s6
tan s kich dong twong tng. C6 thé thiy ring,
hé phuong trinh (5) 1a hé phuong trinh vi phan
tuyén tinh véi hai an s6 1a chuyén vi co hoc ctia
két cu chinh x (t) va cia TMD x,(t). D¢ giai

hé phuong trinh trén, chiing ta 4p dung phuong
phap bién do phuc.

Xét phuong trinh cua luc kich dong 1a
mot ham diéu hoa duogc biéu dién dudi dang
bién d6 phuc:

F — E)eiﬂt (7)

Céac nghiém cua hé phuong trinh (5)
ciing duoc bicu dién dudi dang nhu sau:

x (1)= X" x, (1) = X,e" (8)

Trong do: X, X, 1a bién d¢ phuc.

Thay (7) va (8) vao hé phuong trinh (5),

ta thu dugc hé phuong trinh sau:

(1-A*+i282) X, — (B’ +i2uBEA) X, = X, ©)
— X+ (B - +i2BEA) X, =0
Giai h¢ phuong trinh (9), ta thu dugc
cac nghiem X, X, duoc bicu dién dudi dang
sau:

X, _B+By X, _CG+Gii (10)
X, E+Ei ’ X, E+E|

Trong do:
B =7 =A% B, =2pBAE,;C, =0;C, = A%;

E =22 (B2 - 2*)+28E,A(1- A2 = Au); (11)
=(1-22)(B* - 2*) - 2*B(uB+4E8,):
Do d6, cac dap g bién d6 thyc c6 dang:
x,(t)=a, cos(Ar +¢,) (12)
x,(t)=a, cos(/It + (pz)
Véi:
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B’ + B? BE —-BE
a1:|X1|:st 12+ Z ¢1=tanl{ — 2]
\/ E! +E; BE, +B,E,
/C2+C2 [ CE-CE
a2:|X2|:Xst E12+E22; (pzztanl{ L ZJ
1 2

CE +CE,
Mot cach tong quat, bién do dao dong
cua két cau chinh va TMD duoc xac dinh nhu
sau:

(13)

K =G g %
X X

st st

(14)

Hiéu qua cua TMD phu thudc chu yéu
vao ba thong sb thiét ké co ban, gom ty sé khéi
lwong p, tan §6 diéu chinh B va ty sé can g,
Viée tang khoi lugng TMD thuong lam tang
mirc giam rung va md rong dai tan c6 hiéu
qua. Tang ty sb gén €, cling giI:Jp mo rong déj
lam viéc cua thiét bi, nhung dong thoi co theé
lam gidm muc suy giam cuc dai tai dinh cong
hudng. Nguoc lai, néu ty sb can qua thép, hé co
thé xut hién cong huong phu & ving thip hon
ty s6 tan s diéu chinh P, tir ¢ 1am giam tinh
6n dinh ctia phuong an thiét ké. Vi vay, thiét
ké TMD trong thuc té khong chi dimg & viéc
“dung tan s6” ma can xem xét dong thoi ca ty
sf:) khéi lugng p va ty sb cén‘E',2 dé dat hiéu qua
bén viing trong toan bg dai tan van hanh.

2.2. Quy trinh thiét ké TMD cho hé dwong 6ng

Quy trinh thiét ké TMD cho hé théng
duong ong trude hét phai bit dau bang viéc
nhan dién bai toan dao dong thong qua do phd
rung trong diéu kién van hanh thuc té. Trén
co so s0 lidu do, can xac dinh céc tan sd nguy
hiém, bién d6 rung can khéng ché va cac vi tri
c6 dap tmg 16n nhat dé xem xét bd tri TMD.

Sau budc nhan dién pho rung, can kiém
tra xem céc tan s6 nguy hiém c6 thuc sy gin
véi cong hudng co hoc cua hé hay khong, boi
TMD chi phéat huy hiéu qua o rét dbi véi dao

dong cong hudng. Viéc nay co thé duoc thuc
hién thong qua do dap ting dong hoic két hop
phan tich thie nghiém véi mé hinh tinh toan dé
xac dinh tan s6 cong hudng, ty s6 can va khoi
luong tham gia cua hé.

Khi céc cong hudng da dugce nhan dién,
budc tiép theo la xay dung mo hinh xap xi nhiéu
bac tu do va khao sat cac phuong an TMD khac
nhau (Hinh 2). Muyc ti€u cua budc nay la lgya
chon t6 hop hop 1y giita ty s6 khdi luong u, ty
s6 tan sb diéu chinh B va ty s6 can £ dé vira dat
mirc giam rung mong mudn, vira bao dam tinh
on dinh trong dai tan lam viéc.

Véi cac hé dudong ong chiu dao dong,
phan tir can nhét thuong cé gia tri bé €,=0.Do
d6, ap dung cac két qua nghién ctru trude day
ctia Den Hartog, két qua toi uu cac tham s6 véi
hé co hoc hai bac tu do trong do6 co ké dén két
céu chinh khong can. Ty s tan s diéu chinh
t6i wu duoc x4c dinh qua biéu thic:

1
ﬁop_

Va ty s6 can tbi vu duoc xac dinh thong
qua biéu thirc:

(16)

3. KHAO SAT SO

Can ctr vao cac tham soO toi vu dugc xac
dinh, tién hanh khao st v4i bd thong so co ban:
pu=10,01 va cac tham s6 nhu ty s6 tan so to1i uu
B _vaty socan toiuu &, dugce xac dinh thong

op , . 20p
qua ty so khoi lugng.
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= T

Hinh 3. Bién dé dao déng ciia két cau ong va TMD
voi = 0,01

Nhu trén Hinh 3 ta thay, khi £ = é
dudng cong bién do két cau chinh K, (két cau
chinh) c6 hai dinh thap hon Va cao do hal dinh
twong dbi bang nhau trong mién tan sb. Tuong
tw, dbi voi bién do ciia TMD la K, ciing co hal
dinh va dat gia tri thip nhat trong mién tan sd.

Diéu d6 cho thdy voi ty sb khdi luong
= 0,01 tuong tmg (khdi luong TMD =~ 1% khdi
lugng két cau chinh 1 duong dng) thi dat hidu qua
giam dao dong dang ké cho két cau dudng ong.

Qua nghién ctru tinh toan cac tham sd
toi uu cho TMD tich hgp vao két cau dudng
ong chiu dao dong, ta cé thé thay:

- TMD la giai phap thu dong c6 hi¢u
qua tot doi vdi cac bai toan dao dong cong
hudng cua hé¢ duong ong.

- So voi gidi phap gia cuong do cung
truyén théng, TMD ¢6 uu diém 14 it can thiép vao
hé chinh hon, giam yéu cau han néng va thuan loi
hon trong cac bai toan cai tao hi¢n truong.

- Hiéu qué cua TMD phu thudc déng ké
vao viéc nhan dién ding cong hudng co hoc
ctia hé ciing nhu Iya chon hop 1y cac thong sb
ty s6 khoi lugng p, ty sd tan sé diéu chinh p va
ty s6 can g,

- Boi voi cac hé c¢o nhiéu cong hudng
gan nhau hodc c6 y€u cau phan bo tai hop ly,

phuong an str dung nhiéu TMD phén tan c6 thé
pht hop hon mdt TMD tép trung.

4. KET LUAN

Dao dong cong huong 1a nguyén nhan
quan trong lam gia tang rung dong va anh
huong bét lgi dén do bén, an toan va do tin
cdy van hanh cua hé duong 6ng va két ciu co
khi cong nghi¢p. TMD la giai phap thu dong
c¢6 kha nang giam rung hiéu qua ma khéng can
thay d6i dang ké két cdu chinh cua hé. Hiéu
qua ctia TMD phu thudc cha yéu vao viée xac
dinh ding cong hu:(’)’ng ctua hé va lua chon hop
ly cac tham s6 thiét ké nhu ty so khoi lucng,
ty s6 tan s6 diéu chinh va ty sb can Két qua
khao sat cho thay v&i bo tham sb t6i wu thich
hop, TMD c¢6 thé lém giam déng ké bién do dao
dong cua hé duong 6 ong Be nang cao kha nang
ap dung trong thyc té, can tiép tuc nghién ctru
thuc nghiém va hoan thién quy trinh lga chon
thong s6 TMD phu hop véi diéu kién ché tao,
lap dit va van hanh tai Viét Nam. <
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