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Xac dinh thong s0 toi wu cia thiét bi giam chan khoi lrong 1éch tim
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Tom tit:

Khi néi dén két cdu ndi 1a khong chi no6i dén két ciu bén ndi trong linh vue xay dung cong trinh thuy ma loai két cau
nay con dwgc ing dung trong cac linh vire xay dung dan dung, tuabin dién gio... Trong do, cong trinh nha néi hién
nay dwoc ing dung phd blen & Viét Nam, nhu tai Chau Péc, An Giang. Do dic diém két ciu noi chiu tic dong cua
cdc tai trong phirc tap gom song, gio va dong chay nén viéc nghién ciru cac bién phap nham gidm dao dong la rit
cin thiét. Bai bao trlnh bay mot quy tic don gian dé xac dinh cdc tham s0 toi wu ciia cac Kkhdi lwgng léch tam nham
gidm dao dong xoin ciia két cau ndi khi chiu kich dong diéu hoa. Qua trinh tinh toan tdi wu sir dung phwong phap
cia Den Hartog (J.P.D. Hartog) va cac két qua tinh toan dugc so sanh véi cac Kkét qué cia phuong phap so. Pé mb
td qua trinh tinh toan, nhém tic gia tién hanh tinh toan minh hoa bang mot vi du cu thé. Vi du minh hga cho thay
cac thong s6 thu dwuoc l1a hop ly khi so sanh véi Kkét qua t6i wu hoa b:‘lng thuat toan di truyén D(‘)ng thoi, cong thirc
tinh ciia J.P.D. Hartog d4 dwgc mé rong, khong chi ap dung cho h¢é mjt bac ty do chuyen dong tinh tién, ma con cé
thé ap dung cho cic hé dao dong xoan.

Tir khéa: dao dong xoin, két cau ndi, khdi lwong léch tim, phuong phap Den Hartog, thiét ké toi wu.
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Abstract:

Floating structures are not limited to floating docks in hydraulic engineering; rather, they have found increasing
applications across various fields such as civil engineering, offshore wind turbines... Herein, floating houses
have become particularly prevalent in Vietnam such as in Chau Doc, An Giang. Due to the complex nature of
environmental loads-comprising waves, wind, and current-acting on floating structures, investigating methods to
mitigate structural vibrations is of considerable importance. This article proposes a simplified rule for determining
the optimal parameters of eccentric mass dampers to suppress torsional vibrations in floating structures under
harmonic excitation. The optimisation is performed using Den Hartog’s classical method, and the results are
benchmarked against those obtained via numerical simulations. To illustrate the proposed approach, a detailed
numerical example is presented. The illustrative example demonstrates that the obtained parameters are reasonable
when compared with the optimisation results using the genetic algorithm. Furthermore, the computational formula
proposed by J.P.D. Hartog has been extended to apply not only to single-degree-of-freedom translational systems but
also to torsional vibration systems.
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1. it van de

Céc két cau ndi c6 nhiéu p dung trong cong trinh thuc
té nhu bén ndi, nha ndi, tuabin dién gid... Tai Viét Nam, két
ciu ndi khong chi duge ap dung cho bén ndi ma con duoc
ap dung cho cac cong trinh nha ndi nhu tai Chau Péc, An
Giang (hinh 1) [1], ngoai ra con duoc 4p dung & nhiéu noi
khac, trong cac linh vuc khac nhu phao ndi cho tim ning
luwgng mét troi...

Hinh 1. Lang ndi & Chau Béc, An Giang. Ngudn: nucuoimekong.com.

Do déc trung cua két cAu ndi chiu tac dong cua cac tai
trong phirc tap nhu song va gi6 (dic biét 1a két cdu ndi co
kich thudc 16n) nén n6 thuong xuyén chiu dao dong. Tong
quét, dao dong ciia két cdu ndi gdm dao dong 1én xudng theo
phuong ding, dao dong theo phuong ngang va dao dong
xoan. Cac dao dong nay co thé anh huong tiéu cuc dén do
on dinh cua két cau, cling nhu cam giac thoai mai ciia con
ngudi. Chinh vi vdy, viéc nghién ciru cic bién phap nham
giam dao dong cho két cdu ndi 1a rit can thiét, nhat 1a dao
d6ng xodn hay dao dong trong tranh. Tuy nhién, cac nghién
ctru vé giam dao dong xodn cho két ciu ndi chwa duoc tién
hanh nhiéu va chu yéu tap trung cho cac két ciu ndi co kich
thude 1on chiu tai trong song [2-4] hodc céc tuabin dién gid
chiu tai trong séng va gio [5-7].

Dbi voi két cau nha noi, S.H. Yin (2017) [8] da dé cap
sir dung thiét bj giam chéan co dang cot chat 1ong (Tuned
liquid column damper - TLCD) nham glam dao dong xoin,
ap dung mo phong cho mot két cu ndi co6 dang hop chir
nhét. Tuy nhién, viéc dat thiét bi TLCD trén dinh cua két
céu ndi c6 thé anh hudng dién tich thao tac phia trén, do
d6 gy kho khan cho viéc b tri cac thiét bi cling nhu anh
huéng dén khong gian sir dung ctia con ngudi. Chinh vi vy,
L.T.H. Glang vacs (2025) [9] da dé cap mot bién phap khac
dola bd tri cac khdi luong 1éch tam ¢ dudi day cua két ciu
n6i va do d6 khong anh huong dén khong gian thao tac &
phia trén, cac thong sd ti uu ctia cac khdi lwong 1éch tim
dugc tinh toan bang thuat toan di truyén (Genetic algorithm
- GA). Céc két qua md phong sé cho thdy, hiéu qua giam
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dao dong cua cac khéi lugng 1&ch tam va thiét bi TLCD la
nhu nhau, nhung viéc st dung cac khéi luong 1€ch tam co
wu diém vé viéc bd tri.

Trong ndi dung bai bao nay, tiép tuc hudng nghién ciru
[9], cac tac gia dé xuat mot quy tac don gian dé xac dinh cac
thong s ti uu cta cac khdi lwong 1éch tam, d6 1a sir dung
phuong phép cua J.P.D. Hartog (1934) [10]. Tinh toan tdi
uu theo phuong 4n nay s€ dem lai sy thuén tién cho k¥ su
thiét ké trong viéc lya chon cac thong s6 cua thiét bi giam
chan. Hiéu qua giam dao dong s& duoc so sanh véi cac két
qua khi tinh toan ti wu theo thudt toan di truyén GA [9].

2. Mo hinh nghién ciiu va hé phuong trinh chuyén dong
2.1. M6 hinh nghién ciru

Xét mo hinh két ciu ndi ¢6 dang hop chit nhat trén hinh
2 v6i céc thong s6 chiu dai L, chiéu rong B, chiéu cao H
va khdi luong m_. Bén trong két céu ndi, b tri cac khdi
luong I¢ch tam bao gom hai khéi luong m,. dugc n6i voi
nhau bi mot thanh nhe va c6 thé quay duo’c quanh khop 1
[9]. Khoang cach theo phuong ngang tir cac khéi lwong dén
khéop I'1a b,.. Thanh nhe dugc noi véi 10 xo ¢6 do cung k va
bd can nh0’t c6 do can c tai cac vi tri co khodng cach b, va
b, lan luot lay dbi vé6i I theo phuong ngang. Khoang cach tur
thanh nhe dén mat nude 1a 4. Tam ndi va tim xoay duoc ky
hleu lan lugt 1a D va O, trong khi d6 khdi tAm cua két cdu
ndi duoc ky hiéu 1a G. Khéi hro‘ng r1eng cuanude lap . 6]
trang thai can bang tinh, két cdu ndi chim trong nudc mot
khoang d nhu cong thic (1) [9].

_m,+2m, @)
p.BL

Hinh 2. M6 hinh hé két ciu néi - khéi lwong léch tam (A) va cac
chuyén vi trong qua trinh dao dong (B) [9].

Mot cach téng quat, két cau ndi c6 3 thanh phan dao
dong 1a dao dong 1én xubng theo phuong ding, dao dong
theo phuong ngang va dao dong xodn. Xét két cau noi sir
dung hé théng coc dinh vi (Ring-column system) [8], do d6
chi xét két cAu ndi c6 dao dong xodn. Trong qua trinh dao
dong xodn hay dao dong trong tranh quanh O, két ciu ndi
co chuyén vi 6 va thanh nhe cta cac khéi luong I¢éch tdm co
chuyén vi ¢ nhu trén hinh 2. Cac chuyén vi nay dugc chon
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la tuyét d6i. Khi két cau ndi dao dong, tam dinh khuynh
dugc ky hiéu 1a M. Cac d6 cimg chdng xoin va do can xoin
tuong duong dugc xac dinh nhu sau [9].

k. =bk; c.=bc )
trong do: k: d6 cimg chéng x0én; c.. do can X04n.
2.2. H¢ phwong trinh chuyén dong

Xét két cAu ndi chiu tac dung ctia momen x0dn ¢ dang
dicu hoa nhu cong thire (3) [8, 9].

M =M, sinQt 3)

trong do: M, 1a bién 40 momen xodn kich dong; Q 1a tan s6
kich dong va ¢ 1a bién thoi gian.

Str dung phuong phap Lagrange, phuwong trinh chuyén
dong cua hé két cau ndi - khdi luong 1éch tam c6 dang nhu
cong thace (4) [9].

é+ ¢
+
i

I,+2m 07 — 0+ks+2mcgﬁ+kc P[] 4
0 Imb < ¢ |lo -k, ke |le) [0

=1, +mOG (5)

trong do: / 4

voi [ val ,la momen quan tinh cua két cdu nbi 1an luot lay
dbi voi tam xoay O va khdi tdim G.

k, =mg(OM -OG); i =h+OM (6)

vGi OM 1a khoang céch tir tim xoay O dén tdm dinh khuynh
M va duoc xac dinh nhu sau:

om-B _d (7)

Bai toan toi wu dit ra Ia dya trén hé phuong trinh chuyén
dong (4) v6i mdi ty sb cho tnroc cua khéi luorng thiét bi
giam chin va khéi luong cua két ciu ndi, ta cin tim cac g1a
tri k. vac ti wu sao cho bién do dao dong cua két cau n01
la nho nhat. Thong thuong, bai toan nay la phuc tap va can
cac thuat toan tdi uu theo phuong phép sé nhu thuat toan
di truyén GA [9]. Trong bai bdo nay, tic gia trinh bay cach
tinh toan don gian hon, dé 1a st dung céng thuc cua J.P.D.
Hartog (1934) [10] &p dung cho hé mét bac ty do.

3. Toi uu cdc thong so ciia ho giam chan
3.1. Cong thirc cua J.P.D. Hartog

Mo hinh két cdu ndi sir dung trong bai bao duoc tham
khao nhu trong [8, 9]. Két cau ndi xét khong co bd tri do
can. Dbi v6i két cdu hé chinh khong can, co thé tim cac gia
tri ti wu ciia bd giam chén theo phuong phép giai tich cia
J.P.D. Hartog (1934) [10]. Vi hé chinh ¢6 can, viéc tim cac
gié tri toi wu cuia by giam chan theo phuwong phap giai tich
12 khong kha thi va phai giai theo phuong phap sb véi cac
thudt toan ti uu nhu GA, BCMO...
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Xét hé chinh khong can lap thiét bi giam chin khoi
lugng (Tuned mass damper - TMD) nhu hinh 3. H¢ chinh
c¢6 khéi lwong m, 10 x0 ¢6 d¢ cung k va khong c6 bd can
nhét. Thiét bi TMD c6 khéi luong m, 10 xo ¢6 do cung k,
b can nhdt c¢6 do can c¢. Hé chinh chiu tdc dung cua luc
diéu hoa F, sinQt.

B —— k —_—

k Ll
F sin Q¢

——

c

) ( ) (
%,

Hinh 3. M6 hinh hé chinh khéng can lap TMD.

S

Hé phuong trinh chuyén dong cta hé két ciu - TMD
nhu trén hinh 3 c¢6 dang sau:

{ms)'c's +ex —cx +(ks +k)xs —kx =F, sin Q¢ )

mx —cx +cx —kxv +hkx =0

hay

B

trong do: x_ va x lan luot 1a chuyén vi ctia két cdu va TMD.
Chu y rang cic chuyén vi nay dugc chon 14 tuyét dbi.

Véi mdi ty sé khéi luong p=m/m_ cho truéc, muyc tiéu
ctia bai toan toi uu 14 x4c dinh cac gia tri k va ¢ sao cho
bién d6 dao dong cta h¢ chinh la nhd nhét. Cac gia tri k va
¢ dugc xac dinh theo cac gia trim _va k.

Dit cac ty sb:
m K /k 1) c
m, m, m @, 2mw

J.P.D. Hartog (1934) [10] da dua ra cong thuc xac dinh
cac tham s6 ti uu o, va G, bang phuong phap hai diém

(10)

¢ dinh nhu sau:

1
aopt = 1+” (11)
_ | 3u
S =81+ 1) (12



Nhu vay, véi ty s6 khdi luong 1z cho trude, ta s& xac
dinh dl’I()'C cac gia tri tdi wu cua ty sb tan s @, va do can
Lehr téi'uu Copt theo céc cong thic (11) va (12), sau d6 cac
gia tri toi uu kopt va Cop cua TMD sé& duoc xac dinh theo
cong thuc (10).

3.2. Ap dung cho thiét bi giam chin khoi lwong léch
tam

So sanh hé phuong trinh chuyén dong (4) ctia hé két cu
n6i - khéi lugng 1éch tim va hé phuong trinh chuyén dong
(9) cua hé két cau - TMD, ta nhén thiy c6 su twong dong
vé mit hinh thic. Do d6, c6 thé ap dung cong thirc Den
Hartog dé xac dinh cac thong s toi uu cua cac khéi luong
l&ch tam ap dung cho két cAu ndi. Qua trinh tinh toan thuc
hién nhu sau:

Budc 1: Xac dinh ty sd:
2mehbg

BT Somp

(13)
Budce 2: Biéu dién cac tan so:
k. + 2mcgl7 k
O =T @ >
I, +2m_h 2m/b;

Bude 3: Xéc dinh gia tri do clmg t6i vu kCopl thong qua %y

|
(]

(14)

Budc 4: Xéc dinh gid tri d0 can t6i wu ¢ Copt thong qua ¢ ot
4. Vi du ap dung

Trong muc nay tac gia trinh bay viéc xac dinh cac thong
s6 toi wu cua thiét bi khéi luong Iéch tam dugc dé cap trong
muc 3. Cac két qua tinh toan t6i uu dua trén cong thirc cia
J.P.D. Hartog (1934) [10] s& dugc so sanh voi két qua tinh
t6i uu bang thuét toan di truyén GA. Xét két cdu ndi c6 dang
hinh hdp chit nhat nhu da trinh bay trén hinh 2 véi cac thong
s0 cho nhu trong bang 1.

Bang 1. Cac thdng sé ciia két cau néi [8, 9].

Thirty  Cac thong sb Ky higu Gi tri Pon vi
1 Bé ong két chu ndi B 2,31 m

2 Chiéu cao két chu ndi H 2,59 m

3 Chiéu dai két cau ndi L 5,95 m

4 Khéi lrong m, 2150 kg

5 Momen quén tinh ldy voi khéi tim [ 3936,8 keg/m?
6 Khéi lugng riéng ctia nude n, 1000 kg/m’
7 Bién d9 cua momen tac dung M, 100 Nm
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Két ciu ndi duoc xét dudi dang mé hinh co dang hop
chit nhat dat trong méi truong nudce ngot, do do khdi lugong
riéng cua nudce p, duge xac dinh nhu trong bang 1. Dé danh
gia hi€u qua gidm dao dong, ta st dung h¢ s6 khuéch dai
DMF (Dynamic magnification factor) [8, 9, 11, 12].

DMF = 7|9°|
(M, k)

(15)

B tri cac thanh nhe ndi cac khdi luong 1éch tam nam
cach day 30 cm, cac khéi lugng 1éch tam dugc bd tri vé6i
b=1 m [9]. Ty s6 khi lugng 2m /m =0,07. Sit dung cac
budc nhu trong muc 3, ta xdc dinh dugc k60pt=735,27
Nm/m; cCUpt=60,51 Nms/m. Dai luong DMF,  =8,47 v6i hai
gié tri dinh nhu trén hinh 4 truing khép véi cach tinh theo
thuat toan GA [9]. Tuy nhién, viéc giai quyét bai toan theo
phuong phép gidi tich cua J.P.D. Hartog (1934) [10] 10 rang
la thuéan tién hon so vdi viée phai sir dung cac ph?m mém
toan hoc dé tinh toan tdi uu theo phuong phap sd.

--GA E
—Den Hartog

0,5 1 L5

Hinh 4. Pap trng dong lwc hoc clia két ciu theo ty sé tan sé b.

Trong hinh 4, (5 1a ty s6 giita tin s6 momen kich dong
va tan s6 dao dong riéng cua két cau noi va duge xac dinh
nhu sau:

ﬂ=% (16)

S

Hinh 4 thé hién sy bién thién cta hé s6 khuéch dai DMF
theo ty s& A. Khi £ dan toi 1 s& xay ra hién twong cong
hudng véi hai dinh cong huong. Voi cac gia tri kCop vac Copr
da tim dugc ¢ trén, gia tri hai dinh cdng hudng dat nhé nhat.

Trong muc ndy, ching ta chi khao sat véi ty s khoi
luong 13 0,07 (7%). Trong muc tiép theo, ta s& khao sat voi
cac ty s6 khdi lugng khac nhau (tdp Pareto) dé dua ra danh
gia khach quan vé hiéu qua giam dao dong theo ty sé khoi
luong.
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9. Tap Pareto

Nhu da trinh bay & phan trén, trong muc nay khao sat
tap Pareto biéu dién sy thay dbi caa DMF e t6i wu theo ty
s6 khéi luong . Tap Pareto nay nhim tao diéu kién thuan
tién cho nguoi k¥ su dua ra chon lya gitra ty s6 khdi luong
va hiéu quéa giam dao dong sao cho phu hop. Cac gia tri
ke, Va €, duge xac dinh theo phwong phap J.P.D. Hart(?g
(1934) [10] nhu trinh bay trong muc 3. Ching toi xét su bien
thién cda p trong khoang [0,01 - 0,15] [9]. Thong thuong,
ty s6 khdi luong cua thiét bi giam chan va hé chinh 1a dudi
10% (0,1), tuy nhién dé mé rong khoang khao sat cho danh
gia khach quan, trong bai bao nay xét véi ty sd khdi luong
16n nhét 14 15% (0,15). D6 thi biéu dién sy bién thién cia
DMF,, t6i uu theo yu duge biéu dién nhu trén hinh 5.

25 T T

201 1

15 1

max

DMF

10 1

1
0 0,05 0,1 0,15
1

Hinh 5. Tap Pareto véi DMF,  tbi wu bién thién theo p.

Nhu trén hinh 5, gia tri DMF, t6i uru bién thién trong
khoang 5,17 dén 24,22, trung khop véi két qua trong nghién
ctru trude [9].

6. Két luan

Bai bao da trinh bay cong thuc giai tich xac dinh cac
tham s6 ti wu ciia cac khdi lugng 1éch tam trong viée giam
dao dong xodn cua két cdu ndi. Dya trén phuong phap cia
Den Hartog, cac thong sb d6 cimg va do can nhot t6i vu da
duoc xac dinh. Viéc dua ra cac cong thure giai tich dé tim cac
thong s6 toi wu cho phép ngudi ki sur c6 thé xac dinh cac dai
luong nay mot cach d& dang. Vi du minh hoa da cho thiy
rang cac théng sé tim duoc 1a hop 1y khi so sanh véi viée
tinh toan t6i vu bang thuét toan di truyén GA. Viéc tinh toan
t6i uu theo phuong phap 56 noi chung 1a phtrc tap va can ¢
su hd tro cia cac phﬁn mém toan hoc. Bai bao di mo rong
cong thuc tinh ctua J.P.D. Hartog (1934) [10] khong chi cho
hé 1 bac tu do chuyén dong tinh tién ma c6 thé ap dung cho
hé dao dong xodn. Pay la dong gop mai cia bai bao.
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