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TOI YU HOA BO HAP THU DAO BONG TMD-D

CHO CON LAC NGUOC THEO PHUONG PHAP CUC TIEU
DONG NANG CUA HE VA AP DUNG GIAM DAO DONG
THEO PHUONG THANG BUNG CUA O TO

OPTIMAL PARAMETERS OF TUNED MASS DAMPER FOR AN INVERTED PENDULUM BY USING THE PRINCIPLE
OF MINIMUM KINETIC ENERGY AND APPLICATION TO REDUCE THE STRAIGHT VIBRATION OF CARS

TOM TAT

Trong bai béo nay, téc gia nghién clu gidm dao dong cho con I&c nguoc
bang b hdp thu dao dong TMD-D [tuned mass damper] theo phirong phap
oue tiéu dong néng cla hé. K&t qua tham so ti wu tim duoc dwdi dang giai
tich, twdng minh, co thé ap dung duroc cho két c&u con Idc ngwoc khi cic tham
s0 thay d6i. D& danh gia hiéu quéa giam dao dong cda cac tham s toi tu tim
duoc cho hé, tac gia da sir dung phan mém Maple md phong s6 cac két qua
nghién cttu dé gidm dao ddng cho xe 0 t6, day Ia phan mém duoc cc nha khoa
hoc trén thé gidi chuyén dung va cho két qua tin cay. Sau khi md phong ta
théy réng dao dong ctia O t giam rét nhiéu theo thoi gian khi duoc 13p dat bo
TMD-D t6i tru.

Tl khoa: TMD-D, Con I&c nguroc, B9 hép thu dao dong thu dong dang khoi
lwgng.

ABSTRACT

In this paper, the authors investigated to reduce the vibration of an inverted
pendulum system by the TMD-D [tuned mass damper] by using the principle of
minimum kinetic energy. The optimal parameter results are found in analytic,
explicit, and can be applied to any structure when the parameters change. In order
to evaluate the effect of vibration reduction of the optimal parameters found for the
system, the author used Maple software to simulate the research results to reduce
the vibration of cars, this is the software is the home Science in the world dedicated
and reliable results. After the simulation, we see that the vibration of the car
drastically decreases over time as the optimum TMD-D is installed.

Keywords: TMD-D, inverted-pendulum system, tuned mass damper.

Truong Dai hoe Sy pham Ky thuét Heng Yén
Email: duychinhdhspkthy@gmail.com

Ngay nhan bai: 16/8/2018

Ngay nhan bai stra sau phan bién: 16/11/2018
Ngay chép nhan dang: 25/02/2019

Nguyén Duy Chinh

1.GIOI THIEU

Giam dao dong cho két ciu bang bd hdp thu dao dong
TMD duoc rat nhiéu cac nha khoa hoc nghién ctu [1-7].
Mot trong cac két cdu duoc nghién clru gidm dao déng la
codng trinh ¢ dang con lac nguoc [2-6]. D& tim cac tham s6
t6i wvu gidm dao dong cho con lac nguoc, ta cd nhiéu
phuong phap khac nhau. Trong [3-5] tac gia tim tham so toi
uu cho con lac nguoc theo phuong phéap can bang cuc.
Trong [6] cac tac gid da tim dwgc tham s6 t6i wu cla bd
TMD-D theo phuong phéap cuc tiéu hda nang lwgng va st
dung phiém ham thé nang. D€ so sanh két clia tham s6 tGi
wu tim dwgc khi s dung cac ham nang lwgng khac nhau,
trong bai bao nay tac gi ti€p tuc nghién ctru, tinh toan tim
cac tham s6 t6i vu cla b6 gidm dao dong TMD-D theo
phuong phap cuc ti€u ddng nang cla hé theo tai liéu tham
khdo [7].
2. MO HINH VA PHUONG TRINH VI PHAN CHUYEN
DONG CUA HE

Hinh 1 biéu dién so dd ctia con lac nguoc co khdi lugng
M, cach nén ngang mot khoang L,, thanh d& con lac nguoc
c6 khdi lugng m trong tdm dat tai G cach nén ngang mot
khoang L,, lién két gitra nén ngang va con lac nguoc dugc
thay bang hai 10 xo - 10 xo xo0&n ¢6 dd cirng K va 10 xo ¢6 do
cling K,. D& giam dao ddng cho co cdu ¢ ta l&p vao hé bo
hép thu dao déng TMD-D. B6 hap thu dao dong TMD-D du-
oc |3p tai vi tri cach nén ngang moét khoang L gdm mot vat
¢ khéi lvgng M,, lién két véi con Iac nguoc bai mot 10 xo
c6 do clirng K, va mot bd can nhét tuyén tinh cé hé sb can
c,. Truong hop chi cé bd hdp thu dao dong TMD-D khi dé
co hé c6 ba béc ty do, o la g6c quay clia con lac nguoc, U,
la dich chuyén ctia con lac nguoc theo phrong théng ding,
U, la dich chuyén ctia bd TMD-D.
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Hinh 1. M6 hinh con I&c nguoc c6 1&p bo hap thy dao dong TMD-D
Theo [4] ta c6 phurong trinh vi phan chuyén déng clia co
hé nhu sau:

My X+ Co. X+K,. X =F.(t)

Trong dé:
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Trong dé:
M M L K
U=L,gp, =72, =72, =j, — 73,|_ =L
ot M+% #o M+m 7o Ly “o M+m’ 3 4
[k (6M+3m)g  [6K,—gL,(6M+3m) (6)
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Trong biéu thirc (6): z4,o: Ti 6 khoi lvgng clia bd hap thu

dao dong TMD-D va con lac nguoc dic treng cho chuyén
dong thang; Hqp: Ti s6 khai lvong ctia bo hdp thu dao dong
TMD-D va con lac ngugc dac trung cho chuyén déng quay;,
7. Hé s6 biéu thi vi tri 13p dit bd hap thu dao dong TMD-D;
wyp: Tan s6 dao dong riéng clia bd hap thu dao dong TMD-
D; @, Tan s6 dao dong riéng cua con lac nguoc theo
phrong lac ngang; @,y Tan s6 dao dong riéng cla con lac
nguoc theo phuong thdng ding; &: Ti s6 can nhot clia bod
hap thu dao déng TMD-D.

3. TOI UU HOA BO HAP THU DAO BONG TMD-D THEO
PHUONG PHAP CUC TIEU DONG NANG CUA HE

3.1. Tinh tham so toi wu

Ta dung phép doi bién so:
Y150, Yo =U, Y3 =U,,

. .. o ,
Ya=Y,=¢, Ys=Y, =W, Y=Y, =W )

TU phuwong trinh (1-7) dua vé phwong trinh;

y=Hy+F ®)
H la matran sau
[0 0 1 0 0 0 |
0 0 0 1 0 0
H - 0 0 0 0 1 0 ©)
H,, 0 O 0 0 0
0 H,,H,, 0 0 H
|0 Hg, Hgs 0 0 Hgg |
Trong do6:
Hy = — (1_77D7/D,L‘¢D2)w5;D : H52 _ _O‘SDw;Dé
1+,U¢D7D
Heo :aEDa);D; H53:;uuDad2Da);D; (10)
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Theo phuwong phép cuc tiéu dong nang cla hé theo tai
liéu [7]. Bai toan dét ra la thi€t ké cac thdng s6 ctia TMD-D
sao cho phiém ham:

1
Z= EygByo (11)

Pat gia tri cuc tiéu, trong do y, la véc to diéu kién ban
dau, ma tran B la nghiém ctia phuong trinh dai s6 Lyapunov.

H'B+BH+Q =0 (12)

Trong dé Q la ham trong s0. V&i muc tiéu la cuc tiéu
dong nang cla hé chinh nén ma tran trong s6 Q sé duoc
chon nhu sau:

0O 0 O 0 0 0
0O 0 O 0 0 0

Q= (13)
0 0 Q0 0 0
0 O 0 0 0 0

Piéu kién dé cwc tiu ham muc tiéu Z 1a;

z| g
aadD agp =a* aé’ Sp=¢* (14)

Giai hé phuong trinh (9+14) ta tim tham sé t6i vu cho
TMD-D nhu sau:

* Clup~2(2—myp)

aOptD:a - 2(1"’/Ju|3)

2
: _5*_1Jmmm+3mm—Mm)
opto — —
2 (1+ tap )y2(2~ paup )
3.2. Ap dung két qua nghién ctru, tinh toan giam dao
doéng theo phuong thdng ding ctia 6 td
Hinh 2 mé td mot mé hinh don gidn clia mot 6 to theo tai
lieu tham khao [1]. Ta si sung s6 liéu sau:

(15)

(16)

O t6 c6 khdi lwvong M = 12.10%kg (17)
Hé théng nhip tvong duong véi 16 xo ¢6 do cirng:
ks = 2.10°N/m (18)

Vén dé dat ra clia ky thuat la 13p dit mot bd TMD-D dé
giam dao dong theo phuong thang ding ctia 6 to.

Ta thiét ké bd TMD-D nhu sau: Khéi lvgng ctia TMD-D la
M, =12 kg (19)

M

Hinh 2. So d6 tinh toan bd hap thu dao dong TMD-D d€ giam dao ddng theo
phuong théng ditng clia o to

Tan s6 dao dong tv nhién clia 6 t6 va ti s6 khéi lvgng
dugc tinh tir cong thirc (6):

/ K3
= =19,2(rad/ 20
“o M+m (rad/s) (20)
M,
[4 = =0’01 21
® M+m (21)

Tl (6, 15, 16 ) ta suy ra hé s6 10 xo k, va hé sb can c, clia
TMD-D nhv sau:
k, =1947,785(N/m)

€, =15,23(Ns/m)

(22)
(23)

St dung phan mém Maple mé phéng dao dong cla 6
t6 theo phuong thdng dirng nhu sau:

Treong hop 1. Duéi tac dung clia ngoai luc 6 t6 c6 do
léch ban dau U, = 0,05(m)
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Hinh 3. B0 thi bién d0 dao dong cta d 1éch U, clia 6 to voi diéu kién dau
U, =0,05(m)
Treong hop 2: Dudi tac dung clia ngoai luc 6 t6 cé do
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Hinh 4. D0 thj bién do dao dong clia do léch U, clia 6 to véi diéu kién dau
U;=0,05(m), U, =1,0 (m/s)
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T hinh 3 va 4, ta thdy rang khi 4p dung két qua
nghién ctru ctia tham s6 t6i wu tir phwong trinh (15,16), tinh
toan bd TMD-D I&p dit vao giam dao ddng theo phuong
thdng ding ctia 6 to thi bién do dao ddng ctia né giam rat
nhiéu theo thoi gian so véi treong hop khéng 1ap dit bd
hép thu dao dong.

4. KET QUA VA THAO LUAN

Khi xac dinh tham s6 t6i vu gidm dao déng cho bd
TMD-D theo phuwong phép cuc ti€u héa nang lvgng st
dung phiém ham thé nang theo tai liéu [6], ta c6 két qua la:

Qoptdp = —2U0— "

optdp (1+ ,UUD) ( )
_E Hup

SzoptD 2 (1+ /uUD) (25)

So sanh két qué gilra cac phwong trinh (15, 16) va (24,
25) ta thdy rang voi mot co cdu nhw nhau khi st dung
phuong phap tim tham sb t6i wu theo cac ham nang lvgng
khac nhau thi két qua tim duoc la khac nhau. B&i vay khi ap
dung cac tham s6 t6i wu gidm dao dong cho két cau ta phai
xem van dé wu tién clia k¥ thuat la gidm thanh phan nang
lwvgng nao cho hé dé ap dung tham sé t6i wu cho hop ly.

5. KET LUAN

Trong thoi dai cong nghiép 4.0, cac céng trinh ngay
cang lén vé chiéu dai va chiéu cao. Sy gia tang vé quy md
két cdu s& dan dén cac dap ing dong luc phirc tap ciia két
cdu va sé sinh ra cac dao dong c6 hai. Vi vay, nghién ctu
gidm dao ddng c6 hai cho co cau la bai toan cép thiét, can
duvgc quan tdm, nghién ctu. Bai bdo dd nghién clru xac
dinh tham so t6i wu ctia bd hap thu dao dong TMD-D dé
giam dao dodng cho con lac ngugc theo phurong phap cuc
ti€u dong nang clia hé. Cac két qua nghién ctru thu duoc

nhu sau:
o zausz(z“‘,UUD)
opto 2(1+ /JUD)
1 \/,Uuo(4+3,uuo _,USD)
foptD T

2 (1+:UUD) 2(2_:UUD)

Khi &p dung két qua nghién ctru & trén, tinh toan bd
TMD-D 18p dat vao gidm dao dong theo phuong thdng
ding clia 6 t6 thi bién d6 dao dong clia né gidm rat nhiéu
theo thoi gian so voi truong hop khong 1ap dit bo hap thu
dao dong. biéu nay dap (ng dugc yéu cau clia cac nha
khoa hoc ky thuat dat ra.

Nghién cru nay duoc tai trg bédi Trung tam Nghién ctu
Ung dung Khoa hoc va Cong nghé, Tredng Pai hoc Sw pham
ky thuat Hung Yén, dé tai ma s6 UTEHY.T034.P1819.03.
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