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Tom tat:

Ly thuyét diém cé dinh da dwoc dp dung cho viée thiét ké t6i wu cdc tham sé ciia bé giam chan dong
liee lp trén hé chinh khéng can. Véi hé chinh ¢6 can va ldp nhiéu bé gidam chan nhw nhau nguoi ta thuong
gidi quyét bang phwong phdp s6. Bai bdo ndy sir dung phwong phdp bién doi tuwong dwong hé chinh cé cdan
thanh hé chinh khéng can va 1y thuyét diém cé dinh dé thiét ké toi uu cdc tham sé cia cdc bd giam chan
dong liec ldp trén hé chinh c¢é can. Cdc biéu thire gidi tich gan ding ciia ty s6 can toi wu va ty 1é diéu chinh
16i wu cho hé ldp nhiéu bg TMD giong nhau dwoe diea ra. Két qua dwoc dp dung dé giam dao dong cho mé
hinh déng co Diesel. Pdp vmg tan sé cia hé ldp nhiéu bo TMD véi hé ldp 1 bg TMD duwoc thé hién va so
sanh cho thdy véi ciing ty 1é khoi heong thi hiéu qud ciia hé ldp nhiéu bé giam chan twong tw va hé ldp 1 bo
giam chan la nhw nhau. Pdp iing thoi gian ciia hé chinh khi khéng ldp va ¢6 ldp TMD thé hién ré hiéu qua
khi sir dung TMD dé giam dao dong cho mdy va céng trinh.

Tir khéa: Nhiéu bo giam chén dong luc, Piéu khién dao dong thu dong, Tt 6i wu héa nhiéu bo giam chan.

Chir viét tat cho cau nhip 16n khi 1ap 9-13 bd TMD, nghién ctru
TMD Tuned mass damper chi ra ring hiéu qua giam dao dong khi lip 13 b

. TMD 16n hon khi ldp 9 bd TMD. TP Bandivadekar
MTMD Multiple tuned mass dampers and RS Jangid [7],[8] két hop phuong phép s6 va
DOF Béc tu do ky thuat ndi suy duong cong da dua ra cong thuc

1. Phin mé dau

Nhim lam giam dao dong clia cac may va
cong trinh, nh1eu phuong phap diéu khién dao dong
da dugc dé xuat nhu: Piéu khién thy dong, didu
khién ban chu dong, didu khién chu dong hay diéu
khién lai. Trong do diéu khién thu dong hay dugc
str dung boi tinh don gian, hiéu qua va chi phi thap.
Viée st dung cac thiét bi phu trg 1am tiéu tan nang
lwong ciia hé chinh dé giam dao dong nhu TMD
(Tuned mass damper) da duoc nghién ctru k¥ trong
nhiéu tai liéu [1,2,3]. Tuy nhién khi sir dung mot bo
TMD xay ra mot s6 han ché nhu: két ciu 16n, kho
lap dat, khé ché tao thiét bi thanh cic md dun nho
va vi Iy do nao d6 ma thiét bi giam chén bi 15i hay
hu hong thi s& mat kha nang giam chan. Dé khic
phuc han ché trén ngudi ta sir dung két hop nhiéu bo
giam chdn TMD dé giam dao dong cho méay va cong
trinh. Lei Zuo va Samir A. Nayfeh [4] da nghién
ctru hidu qua giam chén khi Idp nhidu bd TMD cho
hé 1 bac ty do v6i muc tiéu toi thiéu hoa do léch
binh phuong trung binh cua ham dap lng. Két qua
cho thdy hiéu qua giam dao dong rat tot khi lip
nhiéu bd6 TMD. Yuh-Yi Lin, Chii-Ming Cheng va
David Sun [5] da khao sat hi¢u qua giam dao dong
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16 rang cho cac thong s6 tdi wu cho hé 1ap nhiéu bo
giam chén c6 tan s6 phan bd trong mot dai. Két qua
so sanh cho théy hé lép nhiéu bo TMD c6 hiéu qua
giam chén tot hon 1 bd. Dua trén tiéu chi tdi thiéu
hoa d¢ léch trung binh binh phuong dich chuyén
cua hé chinh A.S.J osh1 and R.S. Jangid [9] davasu
dung phuorng phap s dé tim cac tham sO t6i wu clia
hé lap nhiéu TMD chiu kich dong 6n trang. Nghién
clru di chi ra rang ty 1¢ giam chén t6i wu cia hé
nhiéu TMD nhé hon ciia hé 1 TMD va h¢ nhiéu
TMD c6 hiéu qua hon h¢ 1 TMD. Nam Hoang and
Pennung Warnitchai [10] dd phat trién mot thuat
toan 1ap trinh phi tuyén trén co s gradient ma ham
muc tiéu 1a ham bac 2 c6 thé tinh dugc hiéu qua
bang ham Lyapunov. Bang cach nay, biéu thirc giai
tich cho gradient ctia ham muc tiéu dugc dua ra mot
cach ro rang dé giam sai sb va tang toe do hoi tu. T.
Igusa and K. Xu [11] da st dung k¥ thuat tiém can
dé tim tham s t&i wu cho hé lép nhiéu bd TMD, mot
biéu thirc x4p xi dugc dwa ra cho viéc thiét ké t6i uu
céc tham sb. Két qua tdi uru cho thay tan s tu nhién
ctia cac TMD phan bd theo 1 dai xung quanh tan s
trung tam cua hé chinh. Bé rong cua dai tan ty 1€ véi
binh phuong tong khéi lwong cac TMD. Chunxiang
Li [12] dua trén tiéu chi t6i thiéu dich chuyén va tdi
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thiéu gia tdc cta hé chinh da st dung thuat toan sb
dé xac dinh cac tham s t6i vu ctua hé nhiéu TMD
trong céac truong hop thay doi lan lugt cac tham sd
¢, k, m cua bo giam chdn. Mohtasham Mohebbi,
Kazem Shakeri, Yavar Ghanbarpour and Hossein
Majzoub [13] di sir dung thuét toan di truyén (GAs)
dé nghién ciru cac thong sb tdi wu cho 15 b TMD
nham giam dao dong cho nha cao tang. Két qua da
so sanh duoc hi¢u qua giam chén khi st dung 1, 5,
10, 15 bo giam chan.

Dudi day chung t6i dua ra mo6 hinh hé chinh
¢6 can lap nhidu bo giam chin dong lyuc gidng nhau
DVA (Dynamic vibration Absorber) nhu Hinh 1. Twr
md hinh co hoc, ching t6i thiét 1ap phuong trinh vi
phan dao dong va ham dap tng tan s6 ciia hé. Sau d6
bang ly thuyét diém ¢ dinh va y tuong cua Brock
[13], chung t01 dua ra bleu thire gan ding cho ty 1€
giam chan t6i vu va ty 16 tan so tdi uu cua h¢ chinh
khong can lap nhiéu bo giam chan giéng nhau. Vi
hé chinh c6 can, chung t6i str dung phuong phap cua
ND Anh va NX Nguyén [14] bién d6i hé chinh c6
can thanh h¢ chinh khong can twong duong. Sau do6
ding két qua t6i wu cho hé chinh khéng can trudc
do6 dé thiét ké thong so toi wu clia cac bo giam chan.
Céc két qua dwoc 4p dung cho mé hinh dong co
Diesel lip nhiéu bo giam chan gidng nhau. Hiéu qua
ctia viéc lp nhidu bd giam chan duge ching toi so
sanh voi truong hop lap 1 b giam chin va truong
hop hé khong 1ap giam chan. Cac két qua dugc thé
hién thong qua do thi dap tmg tan s6 va dap ung thoi
gian dich chuyén ciia hé chinh.

2. Mé hinh va phwong trinh chuyén dgng

M0 hinh dua ra 1a hé chinh ¢6 can chiu kich
ddng diéu hoa lap nhiéu bd giam chan dong luc nhu
nhau nhu Hinh 1.

T o .

Hinh 1. M6 hinh hé chinh chiu kich dong diéu hoa
ldp nhiéu bg giam chan TMD

Ap dung phuong trinh Lagrange loai 2 ta
thiét 1ap phuong trinh vi phan chuyén dong cua hé.
Biéu thirc dong ning, thé nang va ham hao tan c6

dang nhu sau:

r=imi S me =10 )

Jj=1

10  Khoa hoc & Cong nghé - S6 14/Thang 6 - 2017

m=Tkxl+ts Zk(x W G=1.n Q)
¢ :7csxs +7;cj(xj—x§) G=1.n) (3)

Thay vao phuong trinh Lagrange loai 2
d(ar\_oar __ 99 am -
a5 =5"—5"+ .
dt( 8qj) g, ag, oq, Y 4)
Ta dugc hé phwong trinh vi phan chuyén
dong cua hé chinh va cac bg giam chan

mxX,+c X, +kox,— Zc](x —X) Zk(x -x,)=F
Jj=1
®)

Két hop (5) va (6) ta dugc hé phuong trinh
vi phan dao dong ctia hé chinh va cac bd giam chan.

3. Ham d4p tng tin sb

Gia sir ham kich dong F = Fe™. Khi do ta
¢6 thé tim nghlem cua hé (5), (6) bang phuong phap
ham dép ng tan s nhu sau:

x,()=H(®)e™ ;x,() = H;(®)e™ (7)
Theo [1] ta viét lai (5) duéi dang nhu sau:
mx+c+Zcx+k+2k chfcj
S ®)

J=

Tur (6) suy ra:

mx;tcx;—kx;=cxtkx, G=1,.,n) (9)

Hay:
PREPNIRD> /x,=(zcj)xs+(z k)
=1 j= i=1 =1 i1
(10)
The (10) vao (8) ta dugc:
mx, + ¢, + kox, + 21 m;%; = Fe' (11)
J=

Dao ham (7), thay vao (11) roi khir ™' ta duoc:
(k,—m,®* +ic,®)H(®)— él m;0’H;(®) = F,
(12)
Chu y dén (9) va dao ham cua (7) ta co:
k;+ic;m

H(®)=———F5——
;(®@) kj—ij)?-chO)

H(®) (13)
Thay (13) vao (12) ta dugc cong thuc xac

dinh ham dap Gng tan so:

H@) = ) k]*ich)
(ks’ms(o *ics(.o)’ —
k; = m;® +ic]-(,o
(14)
bat:
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, Kk
O = 33 O = 33 €= 2,0, L ¢, = 2m, .
_mj
Hi="m (1)

Thay (15) vao (14) va thyc hién mot sb phép
bién doi ta dugc:
1

H((D)—f a,+ib, (1)
Voi:

o ma (1m@i Al B

a,=1-p" - El’uf'@— 2[32)2+(2C]‘0‘fﬁ)2
(17)

- e n _Z{J'a];ﬁs

b,=2{.f—P j;’uf'(l—aj2ﬂ2)2+<2§jajﬁ>2

(18)

Khi d6 bién d6 dao dong cia hé ldp cac bd
giam chan la:

|H(w)|= (19)

L 1
ks'\/az"‘bi
1

HL goi 1a ham khuéch dai cta hé.

bat: HL = (20)

4. Thiét ké t6i wu cac tham s ciia cac b giam
chin déng lyc

V6i muc dich thiét ké cac bo giam chan
TMD c6 thong sé giéng nhau nén ta co thé viét lai
(20) dudi dang:

ACI+BC+C
HL = 1 3 2 (21
D +ECHFG+GE+K
Trong do:
A=16a'B’
B — 8a2ﬁ2(1 _a2ﬁ2)2
c=(1-a’p’

D= ((1-%40*B"—4a’B'nu)’ + 640" f°
E=32unl .’ B
F=(1-a’B)*((1-B*(1~
+(4ﬂ2n2aﬁﬂlo + 32§§a2ﬁ4(1 _ a2ﬁ2)2
=2((1— )40’ B'npt)
G = 16{ puna’ B’ (1 —a*p*)?
K==’ (1= —a’B) = npf*)’ +
+n f 2(1 _ a2 2)4
{B B @)
Hiéu qua cua cac bo hap thu dao dong phu
thudc vao vigc chon cac tham so a, (.
a, Trwong hop 1: Véi hé chinh khong can
¢ =0taco:
Thay gié tri ¢ = 0 vao cac biéu thuc (21) va
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ta thir véi cac gia tri khac nhau ctia {, { = 0; {, = o0
=01, moi glatrl cua{ ing véi 4 =0.02;n=
a =0.9 ta c6 dd thi ham dap ung cua hé nhu Hinh 2

za=0
za=0.1
za=vo cung

Hinh 2. Pdp itng tan sé6 ciia hé lip 2 bg TMD voi
u=0020=0.9

Nhin vao ham dap {mg tan s ta théy réng
v6oi moi gia tri cua dd thi ludn di qua 2 diém co
dinh P va Q nhu vy c6 nghia 1a ton tai 2 gié tri cua
S ma dd thi khong phu thudc vao can nhdt ctiia bd
giam chén. Khi ¢, =0taco:

_ 2ﬁ2
HE /(1—08132)2((1—/32)<1—a2/32>—nu/32)2

(23)
Khi {; = oo ta co:
HLz\/ 160 B*
((1—ﬂ2)4a2ﬁ2—4a2ﬁ4n,u)2 (24)

Hoanh d6 2 diém P, Q duoc xac dinh tu
phuong trinh:

\/ 2ﬁ2

(1-a’B)*( —/52)(1 — By~ )’

3 \/ 16a' B’

N (= B4a’ B — 40’ B’ (25)
Giai phuong trinh (25) ta dugc hoanh d¢ hai

diém P, Q nhu sau:

\/,Un+0(2+1i«/a4+ﬂ2n2—20{2+2ﬂn+1
Un+2

ﬁP,Q = o
(26)

~ Thay(26), vao ham dap tmg tan s6 khi khong

ké dén can va dat:

T,= 45,0+ By, i+ Cy,

o= Ay £+ B, £ G,

M1, =Dy {1+ E 4 Fy 2+ Gy £+ Ky, (27

M, = DﬁQg? +EBQ§? +Fb04? * Gﬂqgi +KBQ

Ta tinh dugc bién d6 ham dap tng tan sb tai
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hai diém c6 dinh P, Q tuong tmg 1a:
T, T,
HL,= («/VPI); HL, =( M—Cng

Tir didu kién tung do hai diém P, Q bing
nhau ta tim ra t§/ 1¢ tAn s6 ti vu O
=1+un (29)
Brock [13] da st dung phuong phap nhiéu
dong dé tim ¢ t6i uu. Bé duong cong dap tmg HL
nhan diém P Jam diém cuc dai ta cho n6 di qua diém
P’ ¢6 hoang do B°=B;+ 35 va tung do HL theo
(28) sau do6 tim gidi han khi  — 0.
Tir diéu kién nay ta thu duoc tir s can toi wu
tuong Gmg voi 2 diém P, Q

) (28)

\/(2ﬂ2n2+5/m+ 3+2Vun
Wn'+3un+2
: 30
Caz = vkﬂ%f+3ﬂn+2ikﬁn 30)
un+2
Vi V=y un(un+2)(un+1)%) (31)

Ta ldy " 14 gia tri trung binh ctia 2 nghiém

trén. Nghia la:
At _ 3un
2 V 8(1+ un)

Ta nhan thiy v6i n = 1 thi ty sb can tdi vu
trung véi cong thire cua Den-Hartog [2].

(32)

b, V6i hé chinh ¢6 can

Nam 2014, cac tac gia ND Anh va NX
Nguyén [14] da dua trén giai phap phén tich xap x1
ty 16 giam chin téi wu str dung phuong phap tuyén
tinh héa twong dwong dé thay thé hé chinh c6 can
thanh hé chinh khong can twong duong (Hinh 3)
Sau do6 st dung phuong phap diém c6 dinh da biét
dé tim thong sb t6i wu cho bd giam chan dong lyc.
Cu thé nhu sau:

ms . m
ks Cs ke
(a) (b)
Hinh 3. Quy doi twong dwong hé chinh ¢6 can thanh
hé chinh khong can

Ta c6 phuong trinh vi phan chuyén dong ctia
hé hinh 3a va 3b nhu sau:

. + . + 2 —

b 24;5038368 wix, =0 (33)

X+ w.x,=0
Trong do:
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T Rt S E)

S

CS‘
€= 2m((,0 ;(D§=

Véi o, la tan s6 dao dong riéng cua hé dugc
quy doi. Ta c6 thé viét:
@ =7+ (35)
Tir (35) ta thdy néu thay thé dai luong
2{®,x, bang dai lugng Yx, thi 2 phuong trinh vi
phan dao dong ciia (33) s& nhu nhau. Dé xac dinh y
cac tac gia cua [14] da su dung tiéu chuan quy doi
sau:
7,
(36)
5=(h=p f (e
O day mién D 1a 1 mién lay tich phan duoc
chon sau. Trong (36) y va 4 dugc xac dinh nhu sau:
oS oS
=0 (38)

ay ~%an
Thay (38) vao (37) va giai hé phuong trinh
do6 ta tim duoc:

[0 5] A

G37)

G2 () (39)
_ (x.5,),
QTR E R ey
Str dung : .
<‘>D:< >q>_%0f (.)do (40)

Trong d6: ® = ® D thi (39) dugc viét lai dudi dang:

r=(aco <ff>i) oA

(@D
(x5,
2<x§>®<x3>¢—<x5xs>fb

Két qua duoc biéu thirc giai tich cia tan s6
dao dong riéng ctia hé chinh quy d6i nhu sau:
Tu phuong trinh vi phan (33) ta co:
x,=acos(Q); ¢ =+, (42)
Két hop (42) va (40) rdi thay vao (41) ta
nhan duoc:

(41)

/1:

2(1 —cos2®)(2P —sin20)
8D” — 25in"2® — (1 — cos 2®)

ol -+ =L .w,0,=0
(43)

Giai phuong trinh (43) véi 4n 1a o, ta co:

o=, [0+ (1—c0s2(I>)(2<I>—sm2<I>)
8P” —2sin"2d — (1—cos2<I>)
_ l—coszq))(zfl)—smz(l)) o,
80" —25in"2® — (1 — cos2®)* *°°
(44)
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Trong (44), gia tri ® 13 hing s6 duoc chon
tuy y. O ddy ta chon @ = % dé x,,x, khong phu
thudc @. Thay gia tri cua @ vao (44) ta nhan duogc:

Q)]

2
1" 2 T
+ +
\/1 (n2_2)2§s 752_258

O day o, lan luot 13 tan s6 dao dong riéng
va ty s6 can ciia hé chinh c6 can. o, la tan s6 dao
dong riéng cua hé chinh khong can twong duong.
Khi d6 hé nhu Hinh 1 s€ tro thanh:

BEEEE

i | m,

w, =

(45)

—_—
F=F;sinit)

¥ —
g
—
Fosin{ 0Ot)

Hinh 4. M6 hinh hé chinh khong can twong dirong
cua hé lap nhiéu b giam chan

Khi d6 ta tiép tuc st dung cac biéu thuc giai
tich da biét cho h¢ lap nhicu bd giam chan theo
chirng minh phia trén dé tim Oy va % t6i uu nhu
sau:

— / ’ 2 I
aopt_(l-‘rn#)( 1+(n2_2)2§s+n2_2§s)

(46)
opl — 3]’1/,[
S =BT 4D

5. Ap dung cho md hinh dong co Diesel [16] nhu sau:
O Hinh 5 1a md hinh dong co Diesel lip
nhiéu thiét bi giam chan. Ta c6 thé mé hinh dong co
1a hé chinh c6 can, cac thanh giam chén co thé quy
d6i thanh cac bo TMD nhu Hinh 5.
Céc thong s6 cua dong co cho & Bang 2:
Bang 2. Théng sé dong co

Théng sb m_ Kk, c, F, Q
h¢ chinh | (kg) | (N/m) | (Ns/m) | (N) | (1/5)
Giatri | 250 | 15.10° | 200 |250 77,46
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Khéi lvong
===
HéDVA Ngam

Thanh thép  DongcoDiesel

(o l(m|[m][m |[m

k3¢ k!rc ki%l ki# kse T

! n
ic- ks E

Hinh 5. M6 hinh héa déng co Diesel ldp nhiéu bé
giam chan TMD

Fosin{et)

&
F=

Str dung cac két qua & trén ta tién hanh xac
dinh céc tham so toi vu nham giam dao dong cho
dong co Diesel. Két qua nhu sau:

a, Truwong hop 1: H¢ chinh khong cdn

Hinh 6. Pdp iing tan s6 ciia hé lip 1 bé va 10 bg
TMD véi cung y = 0.1

Primary system without TMD
Primary system with multiple TM|

.............. -

.....................................................

Hinh 7. Bap wng thoi gian cua hé chinh khong can
khi khong lap va lap 10 bo TMD voi cung u = 0.1
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TN
L \
\\

Hinh 8. Pdp g tan s6 ciia hé ldp 1 bé va 5 bé
TMD voi cung u = 0.2

—— muy=0.1
g | = muy=0.2

Hinh 9. Bap ing thoi gian cia hé chinh véi { = 0
khi ldp 10 b6 TMD véi = 0.1 va u = 0.2

b, Truwong hop 2: H¢ chinh co cdn

Hinh 10. Pdp img tan s6 cia hé ldp 1 bé va 10 bé
TMD véi cung u = 0.05

Primary system without TMD
Primary system with multiple TMD

.................. :

e

Hinh 11. Pdp ung thoi gian ciia hé chinh véi { =
0.005164 khi khéng lip va ldp 10 bg TMD véi u = 0 05
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Hinh 12. Pdp img tan s6 cia hé ldp 1 bé va 15 bé
TMD voi cung u = 0.15

| —— muy=0.05
— muy=0.15

e

Hinh 13. Pap u’ng thoi gian ciia hé chinh cé can (¢, =
0.005164) khi lidp 10 bg TMD véi u=0.05 va u=0.15

Cin clr d6 thi ham d4p tng tin sé O trén ta
nhén thiy ring: Pap tmg tan s6 khi hé lip nhiéu b
giam chan nhu nhau véi hé lip 1 bd TMD c¢6 cling
ty 1& khdi luong 1a nhu nhau. Khi ting ty 1& khéi
luong thi hidu qua giam chin cling tang lén. Tir dd
thi dap ung thoi gian ta thay rang khi lip TMD dich
chuyén ctia hé chinh tai tan sb cong hudng giam ro
rét. V&i u = 20% thi dich chuyen cua hé chinh tai
tan s§ cong hudng giam 96,67%.

6. Két luan

Trén co s ap dung 1y thuyét 2 diém cb
dinh va két qua cua giai phap tuyén tinh hoa twong
duong, bai bao di dua ra cic biéu thirc giai tich gan
dung dé xac dinh cac tham sé t6i uu cua hé chinh c6
can chiu kich dong diéu hoa c¢6 lip nhiéu by giam
chan dong luc gidng nhau. Trén co s¢ nay ta c6 thé
ap dung dé thiét ké khang chin cho may va cong
trinh. Dang thirc ctia cac tham s6 téi vu dua ra la
kha don gian va tudng minh. Vi két qua nay cho
phép ta c6 thé chia bd TMD thanh cic mé dun nho
d& ché tao va lp dit. Vi Iy do nao d6 ma 1TMD
bi 18i thi viéc 1ap nhiéu TMD s& gitip méay va cong
trinh lam viéc an toan hon. Nghién ctru cling chi
ra rang hiéu qua cia cua viéc lap nhidu TMD nhu
nhau véi ldp 1 TMD c6 cung ty s6 khoi lugng 1a nhur
nhau. Khi ting ty 18 khdi lugng thi hidu qua giam
chén ciing tang 1én.
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OPTIMAL PARAMETERS OF MULTIPLE TUNED MASS DAMPERS
FOR DAMPED PRIMARY SYSTEMBY FIXED POINT THEORY METHOD

Abstract:

The fixed point theory has been applied to the optimal design of dynamic vibration absorbers
parameters for undemped structure. With damped structure the installation of many dampers the same is
often resolved by numerical methods. This paper uses the equivalent of the damped structure to undemped
structure and the fixed point theory to optimize the parameters of the dynamic vibration absorbers. The
approximate analytical expressions of the optimal damping ratio and the optimal tuning ratio for the same
MTMD system are given. The results are applied to reduce vibration for the diesel engine model. The
frequency response of MTMD and single TMS system is compared has shows that with the same mass ratio,
the efficiency of MTMD systems and single TMD is similar. Time response of the primary system without
TMD and with TMD clearly demonstrate the efficiency when using MTMD to reduce vibration for machines
and structure.
Keywords: Multiple Dynamic vibration Absorbers, Passive vibration Control, Optimization of multiple
tuned mass dampers.
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