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Tém tit

Céc by giam chén dong luc thuong dugc st dung nhim
giam dao dong khong mong mudn trong cac cong trinh. Trong
bai bao nay, k¥ thuit dang riéng dwoc sit dung dé giam dao
dong cia ddm Euler-Bernoulli chiu kich dong didu hoa bing
nhiéu bd giam chn dong luc. Muc dich ciia nghién ctru nay la
nghién ctru anh hudng ciia cc vi tri cua cac bd giam chén dong
luc dén sy giam rung dong trong bai toan diéu khién toan cuc
dao dong cua dim. Céc thi dy md phong $6 duoc thyc hién dé
cho thdy hidu qua ciia cac vi tri t&i wu.

Tir khéa: Bo giam chin dong lyc, phuong phap Taguchi, kich
dong diéu hoa, vi tri t6i uu, diéu khién dao dong.

1. Mé dau

Dao dong la mdt hién tugng phé bién trong ty nhién
va trong k¥ thuat. Bai toan diéu khién cac hé dao dong
dugc quan tdm nghién cuu trong thoi gian vai chuc nam
gan déy [1-3]. Trong thuc té, didu khién cac hé dao dong
lién quan dén dong luc hoc giai tich dé thiét 1ap phuong
trinh vi phan dao dong, dong luc hoc cAu trac d& mé hinh
hoa va phén tich mé hinh va 1y thuyét diéu khién dé thiét
ké hé thong didu khién. Cac bai toan vé diéu khién dao
dong dugc phan chia thanh ba nhém: Didu khién chu
ddng, diéu khién bi dong va didu khién ban chii dong.

Mot trong céc bai toan diéu khién bi dong cac hé dao
dong 1a bai toan tinh toan va thiét ké cac bo giam chan
dong lyc (vibration absorber) dé diéu khién dao dong cua
cac co hé k¥ thuat. Péi véi md hinh dao dong ubn cua
dam, vi tri lép dat bd giam chin (Tuned Mass Damper -
TMD) 1én co hé cb6 mot vai tro rat quan trong. Bai toan
nay con duge nghién ctru chua dy di voi mot sb it cong
trinh da cong b [4, 5]. Bai bao nay trinh bay viéc thiét
1ap cac phuong trinh dao dong ubn cua dam c6 gin nhiéu
bo giam chin dong luc (tén tiéng Anh viét tit - MTMD).
Trong d0, cac dang dao dong riéng cia dam duoc ap
dung dé dua ra thuat toan xac dinh khéi luwong cac bd
giam chén dong lyc va vi tri lép dat cac b giam chén trén
dam sao cho hiéu ing giam chén dat két qua t6i da.

2. Phuwong trinh dao dong udn cia dam
Euler-Bernoulli c6 gan nhiéu bo giam chan

Xét mo hinh dao dong uén cua ddm Euler-Bernoulli
gan nhiéu bd giam chan dong lyc TMD nhu hinh 1.

Hinh 1. Ddm c6 gin nhiéu b giam chin déng lyc TMD

Cho biét dim c6 chiéu dai L, o cting chdng uén EI gin
caic bd giam chan dong lyc tai cac vi tri
x=n,(j=12,.,n,) . D¢ don gian, dam duoc gia dinh la
ddng chét co mit cit ngang khong doi trén toan chiéu dai
va chiu Iyc kich dong phan bo dicu
hoa p(x,t) = p,(x)sin(Q¢). Cac bo gidm chan dong luc
c6 khoi lugng m, két ndi véi dam nho phan tir dan hoi
c6 do cung k; va phin tr can c6 hé sb can
d,(j=12,.,n,).

Phuong phép tach cau truc duoc ap dung dé thict lap
cac phuong trinh vi phan mé ta dao dong cua hé, khi do
hé duoc phan thanh 7, +1 céu trac con, dim chu va

n, bd giam chan (hinh 2).
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Hinh 2. C4c c4u truc con gdm dim chii va TMD thtt j

Ky hiéu do vong dong ciia dam la w va dich
chuyén thang cia TMD thirj1a u, (j =1,2...,n,) , khi dé
phan Iyc lién két do dam tac dung 1én TMD thi / 1a:
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Trudce hét, ta thiét 1ap phwong trinh vi phan dao dong
cia by giam chan (hinh 2b). Xét bg giam chan tha j,
chon géc toa d0 u; o vitrican bé‘mg tinh, &p dung Pinh

luat IT Newton, phuong trinh vi phén dao dong cua vat

thé m; co6 dang
mjii, = ~F, (1) 2)
Thé (2) vao (1) ta duoc
mii,+du, +ku, =kw, +dw, 3)

(j=12,...,n)

Phuong trinh (3) la phuong trinh mo ta dao dong cua
bo giam chan tht j. Ap dung nguyén 1y co ban cua dong
luc hoc, phuong trinh vi phan mé ta dao dong udn cua
dam chu c6 ké dén yéu tb can (hinh 2) 1a [6, 7]

OIwW . (0 o'w o’w
—+c +El| —+c"
Mo ) o ader

= p(x,0)+ ) F,6(x—n,)
=1

Trong d6 u 1a khéi lwong trén mot don vi chiéu dai ctua

dam, ¢, ¢ 1a hé s6 can nhét ngoai va hé s6 ndi can
nhét trén mdt don vi chiéu dai dam. Ham Delta-dirac ¢6

dang:

1 khi x=n,

S(x=1,)= {O S (5)

Céc phuong trinh (3) va (4) la hé phuong trinh vi
thu’ong va phu’o’ng trinh dao ham rleng mo ta dao dong
ubn clia ddm gan nhiéu b glam chan dong luc TMD va
dao dong clia cic by giam chan dong lyc. Ngoai ra véi
mdi dam ta c6 bén diéu kién bién, hai diéu kién bién
taix =0, hai diéu kién bién tai x=L va cac diéu kién
dau dé giai hé phuong trinh trén.

St dung phuwong phap Ritz-Galerkin biéu dién
nghiém ciia phuong trinh dao ham riéng (4), ta c6 thé
bién d6i hé phuong trinh (3) va (4) vé dang [8, 9]

Mz +Dz+XKz =h(?) (6)

M,D,K la cic ma

cd(n, +n,)x(n, +n,), cac vécto z,hla cac vécto cd

Trong do tran  hang s

(n,+n,) , vécto h(r) 1a ham tuan hoan chu ky
T=2r/Q.

Gia st ham h(#) tuan hoan theo thoi gian va c6 the
khai trién thanh chudi Fourier gin dung nhu sau:

h(t)=b, + > (a, sinkQt +b, cos kQr) @)

k=1

St dung nguyén 1y cong tic dung trong Iy thuyét
phuong trinh vi phan tuyén tinh, ta dé dang tim duoc
nghiém cua hé phuong trinh vi phéan (6). T d6 dao dong
ctia dAm duge xac dinh bai cong thic

w(x,1) = ZXk ()q, (1) ®)

Ta xét truong hop hay gap trong thuc té, khi tan s6
kich dong Q xap xi bang tan s riéng thtr nhit cua dam
(Q=0w,), nghia 1a ddm dao dong & mode 1. Khi d6

bang phuorng phap bién do phuec, ta tim dugc ham dap
(g tan s ctia dam lap cac bo giam chan dong luc [8, 9]

H.(Q)= h ©)
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Moédun cta ham dap Gng tan sb duogc xac dinh

s

boi cong thirc sau

H|=—"_ 10
|| — (10)

Trong do6, theo cac tai liéu [7, 8]:
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3. Lwa chon cac tham so khoi lwong cia cac
b6 giam chan dong luc

Ta xét bai toan dao dong udn ctia mo hinh dam hai
dau ban 1€ c6 gan cac b giam chan dong luc tai cac vi tri
1,5 1,, 7, nhu hinh 3.
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Hinh 3. Dam hai dau ban 1& gin nhiéu TMD
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Céc tham s6 cua dam dugc cho trong bang 1. Tir cac
bd tham so0 dam trong bang 1 ta tinh toan duoc tan so

riéng the nhit cia dam: @ =1 10.3005(s’1) . Ta xét
truong hop tan sé luc kich dong xp xi bang tan s riéng
thtr nhat cia dam.

Bang 1. Tham s6 cua hé

Tham sd Gia tri Pon vi
EI 3.06x10’ Nm?
L 10 m
H 245 kg/m
m, 245 kg
9 0.4 1/s
c? 0.0001 s/m
3L/8, 4L/8, m
URUPRUE 51/8
P =D, sin Q¢ Do =100 N/m
Q Q=0 rad/s

Véi cac két chu dam khdi lugng 16n, theo kinh
nghiém, nguoi ta thuong lya chon tong khéi lugng cac bd
giam chan x4p xi ¢& 0.5% dén 1% khdi lugng cia dam.
Dé thiét ké tdi wu cic tham sd cia cac bd giam chén
TMD, nghién curu nay dé xuit mot cach xac dinh khdi
lugng cac bo giam chén lap trén dam dya vao dang dao
dong riéng cta dim. Dang dao dong riéng ciia dam va gia
tri ham riéng thir nhit & cac vi tri 1ap dat dugc cho trong
hinh 4 dudi day [6, 7].
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Hinh 4. Dang riéng thir nhat cia ddm va gi4 trj ham riéng tai vi
tri ldp d4t giam chan TMD

Cac khdi luong cua cac bo giam chdn TMD duoc

tinh toan nhu sau:
m =aa, m,=0a,, m,=aa,

Trong d6 o la giatritilé. a,,a,,a, la gia tri ham riéng
tha nhét tai cac vi tri lép dat cac bo giam chén, dugc xac
dinh bai:

a = X, (x) = X, (3L4) = 09239
a, =X, ()cz):Xl (4%):1.0

a, = X, (%) = X, (554 ) = 09239

Néu téng khéi lugng cac bd giam chin duge lya chon
bang 1% khoi lugng cua dam thi ta c6:

m,
m +my,+m,=a(a+a,+a,)=—=
100

Ta suy ra

a=——" 08603
100(a, +a, +a,)

Tur d6 ta tinh duge khdi lugng céac bd giam chén:

m, = aa, = 0.8603%0.9239 = 0.7948(kg),
m, = aa, = 0.8603x1=0.8603(kg),
my = aa, = 0.8603x0.9239 = 0.7948(kg ).

4. Thuit toan xac dinh cic tham so toi wu
cua cac bo giam chan

Nguyén Vin Khang va dong nghiép di dé xuit mot
thuat toan kha thuan tién xac dinh cac tham sb tdi vu coa
cac bd giém chin dong luc 1€ip trén hé chinh c6 can dua
trén phuong phap thuc nghiém Taguchi [8-11]. Str dung
thuat toan dé& xuét néu trén, trong muc nay ta tién hanh
thiét ké t6i wu cac tham s ciia hé 3 TMD khac nhau lap
trén dam khi tan sd lyc kich dong xap xi tan sb riéng thi
nhit ctia dam. Cac tham sé tdi wu clia cac bo giam chéan
khi tan s6 kich dong € bang tin s6 dao dong riéng bac
nhét ciia dim w, dugc ghi trong bang 2. Khi tin s6 kich
dong € thay d6i trong mot ving lan can tin sé dao
dong riéng bac nhit cua dam w, cac tham s6 toi wu cua
cac bd giam chan duoc cho trong bang 3.

Béng 2. Tham s6 t&i wu cia cac bd giam chén

Giam chdn m (kg) d(Ns/m) k(N/m)
TMD1 0.7948 1.5 9673
TMD2 0.8603 8.0 10500
TMD3 0.7948  15.625 8875

Bang 3. Tham s6 t6i wru ctia cac bd giam chén sir dung
ham muc tiéu co6 trong so

Giam chdn m (kg) d(Ns/m) k (N/m)
TMDI 0.7948  10.875 93393
TMD2 0.8603 16 9750
TMD3 0.7948 11 9328.1
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Twr b tham s0 toi wu cuia cac bg giam chan TMD tim

dugc khi sir dung hai ham muc ti€u khac nhau ta v& dugc
do thi ham dap Gng tan so trong truong hgp dam coé lap
cac by giam chan va khong lap giam chan nhu hinh 5.

The response of the primary system with TMD
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Hinh 5. Pap tng tin s6 ciia dim hai dau ban 1& khi sir dung hai
ham muc tiéu khac nhau

Tir d6 thi trén hinh 5 ta th?iy khi st dung ham muc
tidu c6 trong sd hiéu qua giam dao dong cua dam twong
ddi t6t trén mot dai tin sb va tir do thi trén hinh 9 ta théy
dao dong cua dam tai vi tri L/2 khi ldp cac bo giam chan
TMD tai cac vi tri 3L/8, L/2 va 5L/8 14 3.428 (mm) so v&i
khi chua lap giam chan 14 29.14 (mm). Nhu vy dao dong
dam giam dang ké khoang 90%.

5. Xac dinh vi tri lip dit téi wu cia cac bd
giam chan

Str dung cac bd tham s6 t8i wu cua cac bd giam chin
TMD trinh bay trong muc trudc, trong muc nay ta khao
sat hiéu qua cta vi tri lép cac b giam chin dén muc dao
dong cia dam. Ta s& khao sat 9 phuong an lip cac bd
giam chan 1én dam va tinh toan dap ung dao dong cua
dim dé théy hiéu qua tac dong do vi tri lép dat cac bo
giam chin dong lyc.
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Hinh 6. Vi tri lip dit cac TMD tai 3L/8, 4L/8, 5L/8
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Hinh 7. Vi tri lip dat cac TMD tai L/8, 4L/8, 7L/8
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Hinh 8. Vi tri 1ip dit cac TMD tai 2L/8, 4L/8, 6L/8
X
F—— @ — —— ¢

Wy

w [mm]

0 0.05 0.1 0.15
t[s]

Hinh 9. Vi tri lip dat cac TMD tai 3L/8, 4L/8, 4.5L/8



Vi tri toi wu cua cac bg giam chan dong luc trong diéu khién dao dong uon cua dam

Wy

w [mm]

t[s]

Hinh 10. Vi tri lap dat tai 3.5L/8, 4L/8, 5.5L/8
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Hinh 11. Vi tri ldp dat cac TMD tai 3L/8, 4L/8, 4.5L/8
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Hinh 12. Vi tri ldp dat cic TMD tai 2.5L/8, 4L/8, 4.5L/8
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Hinh 13. Vi tri lap dat cic TMD tai 3L/8, 4.5L/8, 5L/8
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Hinh 14. Vi tri 1ap dat cac TMD tai 5L/8, 6L/8, 7L/8

Tir cac két qua tinh toan thé hién trén cac do thi tai
cac hinh 6-14, bang 4 tong hop két qua giam dao dong
theo cac vi tri cac bo giam chan dong lyec.

Bang 4. Bién d6 va hiéu qua giam dao dong tai vi tri lip cac

TMD khéc nhau trén ddm
o, Do vong Hi¢u qua
Vi tri cua cac TMD (mm) %)
3L/8, 4L/8, 5L/8 3.428 88.24
L/8, 4L/8, 7L/8 5.415 81.41
2L/8, 4L/8, 6L/8 4.043 86.13
3.5L/8, 4L/8, 4.5L/8 2.989 89.77
3.5L/8, 4L/8, 5.5L/8 3.552 87.81
3L/8, 4L/8, 4.5L/8 3.255 88.83
2.5L/8, 4L/8, 4.5L/8 3.375 88.42
3L/8, 4.5L/8, 5L/8 3.395 88.35
5L/8, 6L/8, 7L/8 3.743 87.16
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Tir cac két qua mo phong s trinh bay & trén ta thiy
rang néu ldp cac bo TMD cang gan vi tri bién do dang
dao dong riéng lon thi hi€u qua gidam dao dong cang 16n,
ddng thoi bién do dao dong ctua dam cang nho. Cac khao
sat voi cac dang didm khac & B mon Co hoc ung dung
thudc Truong Pai hoc Bach khoa Ha Noi ciing cho Kkét
qua tuong tu.

6. Két luan

Viée xac dinh cac vi tri t6i wu ciia cic b giam chan
dong luc trong diéu khién dao dong ciia dam 1a bai toan
¢6 ¥ nghia Iyc t& va con it dugc nghién ctru. Trong bai
bao nay, chiing toi dwa ra mot cach xac dinh cac tham sb
khéi lwong t6i uu cua cac bd giam chin dong luc dua trén
dang dao dong riéng ctua dam. Viéc xac dinh cac tham sé
tbi wu cua cac phﬁn tur can nhét va do cung 16 xo dya trén
mot thudt toan xudt phat tir phuong phap thyc nghiém
Taguchi.

Vi tri toi wu dé 1ap cac bo giam chan dong luc 1én
dam phu thudc vao dang dao dong riéng cua dam. Néu
lip cac bd giam chan dong lyc cang gan vi tri bién do
dang dao dong riéng 16n thi hiéu qua giam dao dong cang
16n, va bién d¢ dao dong cia dam cang nho. Cac Kkét qua
mo phong s6 cho thay két qua t6i wu ciia phuong phap dé
Xut trong bai bdo nay. Hiéu qua giam chén dat dugc
khoang 90%.

Céc nghién cuu theo thuat toan dugc dé xuét trong
bai bao nay dang dugc tién hanh ¢ B6 mén Co hoc tng
dung, Truong Dai hoc Bach khoa Ha Noi.
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