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Abstract

Adjusting construction vibrations is always a challenge for construction engineers. People have proposed many different control solutions,
either by passive control, or by actively controlling the vibrations of the structure. In each control solution, there are many methods offered.
In this article, the authors present a method combining the Independent Mode Space Control solution - IMSC and the Bounded State Control
solution - BSC to solve the problem of active control of vibrations of an oscillating system with many degrees of freedom, taking the ad-
vantages of each solution to improve control efficiency such as the intuitiveness and simplicity of the BSC solution, and replacing the solution
of the system of mutually constrained differential equations with the system of separate differential equations of the IMSC solution. The
authors have relied on an example of active vibration control of a five-storey frame subjected to external loads to illustrate the method, clearly
show the effectiveness of the method and provide necessary comments on the combination control method.

Keywords: Active control of vibration, Independent Modal Space Control (IMSC), Bounded State Control (BSC), Combination

method, Vibration energy accumulation process.

Ky hiéu
Kyhiégu  Don vi M0 ti
v m (mét) Chuyén vi
Vi m (mét) Chuyén vi gigi han
t s (gidy) Thoi gian
P, f3, fe N (Niu-ton) Lyc tac dung

Cic tir viét tit

IMSC Independent Mode Space Control

BSC Bounded State Control

SDOF Hé mot bac tu do

MDOF Hé nhiéu bac tu do

ATMD Giam chén khéi lugng didu hoa chu dong
Tém tit

Viéc diéu chinh dao dong ciia cong trinh ludn ludn 1a mot thach thuc
dbi vai cac ki su xdy dung. Nguoi ta da dua ra nhiéu giai phap diéu
khién khac nhau, hoic bang cach didu khién thu dong, hoic biang
cach diéu khién chu dong dao dong cua cong trinh. Trong mai giai
phap diéu khién, c6 nhiéu phwong phap dugc dua ra. Trong bai béo
nay, cac tac gia trinh bay phuong phép Kkét hop giira glal phap diéu
khién khéng gian mode doc lap (IMSC) va giai phép diéu khién trang
thai gisi han (BSC) nham giai quyét bai toan didu khién chu dong

dao dong cia mét co hé dao dong nhiéu béc ty do, tan dung wu diém
cia mdi giai phap dé nang cao hiéu qua diéu khién nhu tinh truc
quan, don gian cua giai phap BSC, va thay thé viéc giai hé phuong
trinh vi phén rang budc 13n nhau bang hé gdm cac phuong trinh vi
phén tach roi nhau cua giai phap IMSC. Cac tac gia da dua trén mot
vi du vé didu khién chu dong dao dong ciia mot khung nam ting chiu
tai trong bén ngoai dé minh hoa c4c budc tién hanh, chi rd hiéu qua
va dua ra nhitng nhan xét can thiét v& phuong phap diéu khién két
hop.

1. Pit van dé

Duéi tac dong tir moi trudng bén ngoai nhu gid, dong dat,
cong trinh s& dwoc truyén nang lwong va dao dong. Tuy nhién,
do yéu cau vé an toan cho két cu cong trinh, ciing nhu vé ti¢n
nghi khi sir dung cong trinh, quy pham thiét ké két ciu cua
cac nudc deu khdng ché mot sb cac bién dap tng caa két cau
dao dong nam trong nhiing gidi han cho phép, ching han
ngudi ta s& yéu cau khéng ché chuyén vi ¢ dinh cong trinh
hay chuyén vi tuong dbi giira cac tang do quan niém vé tinh
an toan cho hé két cau, hay gia téc dao dong tuyét ddi o dinh
cong trinh s& dugc khdng ché do yéu cau vé tinh tién nghi cho
ngudi su dung.

Dé han ché dao dong cho cong trinh, nguoi ta da dwa ra nhiéu
giai phap diéu khién khac nhau. Ngay tir nhitng nam dau thé
ky 20, nhiéu tac gia da nghién ctiru kha ning diéu khién dao
dong [1][2][3]. Khoang truéc nhimg nam 90 thé ky trudc,
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ngudi ta hay sir dung céc giai phdp bi dong, trong d6 dung
chinh ngay ning lwong dao dong cua cong trinh dé diéu khién
dao dong, muc tiéu la 1am sao cho nang lugng dao dong duoc
tiéu tan ra méi trudng bén ngoai nhanh chong nhat. Ching
han, ngudi ta ¢6 thé xay dung cac bé nude & trén dinh cong
trinh vai cac thong sé kich thude, dic tinh co hoc theo yéu
cau, nguyén ly cua giai phap nay 1a khi cong trinh dao dong,
nuéce trong bé s& dao dong theo, twong tac qua lai giira cong
trinh va nuéc trong bé s& lam cho ning luong dao dong cua
cong trinh s& dan chuyén sang cho nuéc, va sé tiéu tan dudi
dang nhiét nang. Hodc dat hé thdng piston-xylanh trong két
cau chiu lyc chinh, cac hé thdng nay s& hap thu va tiéu tan
ning luong dao dong cua két cau va lam giam chuyén vi cho
két cdu. Tuy nhién, do nhiing han ché cuia giai phap diéu khién
bi dong dao dong cong trinh, nguoi ta dan chuyén sang su
dung giai phap diéu khién chi dong nham nang cao hiéu qua
chbng dao dong. Céc thiét bj didu khién nay hoat dong duoc
1a nho vao céc ngudn nang lugng cAp tir bén ngoai.

Vao nam 1990, tai Tokyo, ngudi ta da tién hanh xay dung mot
cong trinh thi nghiém cao 11 tang, tda nha Kyobashi Seiwa
building tai Tokyo, Hinh 1.a [3]. Ngudi ta da tién hanh lap dat
va the nghiém dau tién vé ATMD (Active Tuned Mass
Damper - giam chan khéi lugng diéu hoa chi dong). Thiét bi
giam chan chu dong ATMD c¢6 dang hai con lic don, mét con
lic 6 khdi lwong 4 tan, dung diéu khién dao dong thang theo
hai phuong chinh ciia tda nha, va con lac thir hai ¢ khéi luong
1 tan dung diéu khién chuyén dong xoay cua tda nha, Hinh
1.b [3]. Bién d¢ dao dong cua con lac cé thé 1én tai 1m. Thiét
bi nay c6 thé tao ra luc didu khién tGi 100 kN.

b. Can canh thiét bi
ATMD cua toéa nha.

a. Thi nghiém dat ATMD trén néc tda nha 11
tang Kyobashi Seiwa Building, Tokyo, 1990.

Hinh 1. Hinh anh thit bi ATMD trén néc tda nha 11 ting Kyobashi Seiwa
Building, Tokyo.

Trong vong thap nién 90 caa thé ky trude, trén thé gisi da co
it nhat 40 cong trinh duoc xay dung cd tich hop ky thuat diéu
khién chu dong dao dong két cau. C6 thé ké ra mot sé cong
trinh sau:

- Toa thap Taipei 101 (Pai Béc, Dai Loan, Hinh 2): Toa thap
cao 101 tang, tong trong luong tda nha khoang 700.000 tan.
Toda nha duoc thiét ké chdng cac dao dong do tai trong gié bdo
hodc dong dét gay ra bang mot hé thong thiét bi ATMD c6
dang la cac con lac hinh qua cau thép. Trong d6, mét con lic
nang dén 660 tan, treo lo lirng tir tang 92 xudng dén tang 87,
dao dong ciia n6 duoc diéu chinh bang mot hé théng céc pis-
ton - xy lanh thuy luc, hoat dong nho mét trung tam xir ly tin
hiéu thu thap tir cac cam bién dién tir gén trén toa nha. Hé
théng ATMD nay da duoc trai nghiém thyuc té mot tran dong
dat 6.8 do Richter ngay 31/03/2002 khi dang trong qué trinh
thi cdng cong trinh va gan day la tran dong dat 7.4 do Richter
ngay 03/04/2024, da chiing to6 cd kha nang hoat dong hoan

hao. Hai con Iic thép khac, mdi cai ning 6 tan, ciing dugc diéu
khién péi th,iét bi ATMD, duoc dit tai dinh cua chép dé gitp
tranh ton that cho cau trdc do gié manh.

Hinh'2. Toa thap Taipei 101 va hé théng con lic giam chin chi doéng ning
660 tan.

- Toa cao 6c Yokohama Landmark Tower (Yokohama,
Kanagawa, Nhat Ban, Hinh 3): Toa thap duoc xay dung tir
thang 3 ndm 1990 va hoan thanh thang 7 ndm 1993 v&i chidu
cao 296m, nang 260.610 tAn, cao 70 tﬁng. Két cdu chinh
khung thép, c6 sir dung bé tong cdt thép & mot sb két ciu phy.
Pay la cong trinh cao nhit Nhat Ban. Cong trinh dugc didu
khién boi hé théng giam chan khéi lwong gdm 2 khéi vai tong
trong luong 340 tan, didu khién bang hé thong sec-vo mo-to.
Cong trinh duoc thiét ké dé chdng lai cac con gié manh va céc
tran dong dat trung binh.

Hinh 3. Toa thap Yokohama Landmark Tower va thiét bi giam chén.

O Viét Nam, ciing di c6 cac nghién ctru twong ddi da dang vé
ky thuat diéu khién dao dong cong trinh (ca cha dong va bi
dong) tir nhitng nam dau cua thé ky 21 [4][5][6]1[71[8][9][10].
Vé wu nhugc diém cua hai giai phap chdng dao dong bi dong
va chdong dao dong chu dong, ta c6 thé thay: Tuy giai phéap
chéng dao dong bi dong co wu diém 1a thiét bi dat vao cong
trinh khéng can dén ngudn nang lwong bén ngoai ma ding
chinh nguén nang lugng dao dong dé hoat dong va trang thiét
bi trong d6i don gian, nhung hiéu qua cua giai phap nay con
han ché, nhiéu khi khong thoa man cac yéu cau ky thuat cua
cong trinh (ching han, khéng khéng ché dwoc chuyén vi cua
cong trinh nam trong gidi han cho phép), hon nira mdi thiét bi
giam chéan bi dong chi c6 kha ning chéng dao dong & mot
mode dao dong nhat dinh ciia cong trinh, cho nén dé chdng
dao dong & mot sé mode dao dong khéc nhau, ta cé thé phai
bé tri mot loat cac thiét bi giam chan, mdi thiét bi dugc thiét
ké dé hoat dong tai mot mode dao dong riéng biét caa cong
trinh. Nguoc lai, giai phap diéu khién chu dong c6 wu thé hon
han do cin st dung s6 lwong thiét bi it hon dé didu khién dao
dong cua cong trinh ¢ nhiéu mode khéac nhau, nén it chiém
khong gian mat bang hon. Song & day can lwu y 1a giai phap
ndy can téi ngudn ning lwong bén ngoai dé cé thé hoat dong,
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kém theo do6 1a cac trang thiét bi ciing phtc tap hon
[18][19][20][21][22]. Cac cong trinh dwgc néu trong cac vi du
trén (Toa thap Taipei 101, Toa cao ¢ Yokohama Landmark
Tower) déu sir dung giai phap diéu khién chii dong dé chdng
dao ddng cho cong trinh.

Nhim nang cao hiéu qua cua giai phap giam chan cha dong,
nguoi ta da dé xuat kha nhiéu cac phuong phap diéu khién
thiét bi giam chan khéc nhau, trong d6 c6 phuong phap diéu
khién khong gian mode doc lap - IMSC [11] [12][14][15] va
phuong phép diéu khién trang thai giéi han - BSC
[12][13][16][17]. Trong bai bao nay, ching toi s& két hop hai
phuong phép nay dé diéu khién dao dong ctia mot co hé nhiéu
bac ty do - MDOF, chiu tai trong bén ngoai tic dong, sao cho
bién d6 chuyén vi & cac tang duoc khdng ché trong gidi han
cho phép. Cac tac gia ciing cha y t6i thuc té 1a s6 lugng céc
co cau chap hanh (actuator) thudng it hon sb bac tu do cua hé,
nhu vay s& can téi kién thirc vé ma tran gia nghich dao trong
tinh toén.

2. Phuong phap két hop giira giai phap diéu
khién khong gian mode doc lap - IMSC va
gidi phap trang thai gi¢i han - BSC

2.1. So lrgc vé phwong phap diéu khién khong gian mode
doc lap - IMSC

Uu diém cia IMSC 1a ¢6 thé chuyén hé phwong trinh vi phan
n 4n mo ta dao dong cua hé thanh mot hé bao gom n phuong
trinh vi phén tach roi (doc 1ap nhau) trong khéng gian mode
nén viéc giai bai toan s& nhanh va hé dao dong sé dap ung tot
hon [11][12][14][15].

Xem xét mot co hé dao dong cd n bac tu do. HE phuong trinh
vi phan MDOF c¢6 dua lyc diéu khién vao, viét trong khong
gian vat ly, nhu sau [11][12]:

Mi(t) + Cv(t) + Kv(t) = Dp*(t) + Ef*(t) )
véi M, C, K 1a cac ma tran khéi lwong, do can va do cing cua
he; ii(t), v(t), v(t) 1a céc vec-to gia tdc, van toc va chuyén vi
cia hé; D VA E 1a cac ma tran dinh vi luc diéu khién va tai
trong bén ngoai; p*(t) va f*(t) la cac vec-to luc didu khién
va tai trong tac dung I1&n hé. Néu goi ® 1a ma tran ham dang,
véi cot thir j 12 vec-to dang ciia mode thi j, thi ta viét duoc:
v(t) = Py(t) (2)
y(t) vec-to chuyeén vi suy rong trong khoéng gian mode. Vec-
to diéu khién trong khong gian mode p(t) =
{(p1(®) p,(t) ...p ()} lién hé voi vec to diéu khién trong
khong gian vat ly p*(t) theo quan hé:

p(t) =7CDTDp*(t) =Lp*(t) véi L = ®TD 3
thi ta s& thu dugc hé phuong trinh vi phan bac 2 trong khong
gian mode, mdi phuong trinh trong hé déu doc lap véi cac
phuong trinh khac:

m]y](t) + C]}’](t) + y;(t) - p](t) + f}(t) (5)
Tir phuong trinh (3), néu sé luong thiét bi diéu khién m va sé
lwong mode bi diéu khién n bing nhau, thi ma tran L vuéng,
c6 thé xac dinh p*(t) bang phuong trinh:

p*(t) = L™'p(t) (6)
Truong hop m < n, ta phai sir dung ma tran gia nghich dao:
p*(t) = L*p(t) (7) véi L*= (LTL)7'LT 8

2.2. So lwgc vé phwong phap didu khién trang thai gioi
han - BSC

Uu diém cua BSC la viéc tinh toan diéu khién xung twong ddi
don gian, cc hé sé dé tinh toan bién d6 xung can thiét déu c6
thé tinh toan truéc (offlineg). Mat khéc, giai phap diéu khién
nay thich hop dé ap dung cho cac két cdu khong dan hoi, hé
thong giam chan chi hoat dong mot khi bién do dao dong vuot
qua gigi han, do vay mot ngudn ning lugng tuong ddi nho
ciing du cho cac tac dong chinh sira dao dong theo chu ky.
Xem xét mot co hé mot bac ty do - SDOF cau tao géom mot
khéi lwong m, lién két voi trai dat qua mot lién két 10 xo c6 do
cang k, Hinh 4.

1 «

f(t)

T e
Hinh 4. So ¢6 md hinh hé mét bac ty do SDOF.

O day gia thiét thanh phan can cua co hé c6 thé bo qua. O tai
thoi diém t;, hé chiu tac dong cua tai bén ngoai c6 gia tri la
f(t), hé cd chuyén vi v(t;), van téc dao dong v(¢;). Ta co thé
du bao dwoc chuyén vi cua hé tai thoi diém tj = t; + At theo
cac quan hé trong ly thuyét dong luc hoc cong trinh [16][17],
bao gém dap tmg dao dong ty do cua hé véi chuyén vi ban
dau v(t;) va van tc ban dau v(t;), cong véi dap tmg dao dong
cudng buc caa hé khi chiu tai trong f(t):

v(y) = Zv(e) + Zio () + (&) ©
V6 Z, = cos(wodt) , Z, = sm(woAt) —[1 —
cos(wyAt)] (10)

w, 1atan sb riéng ciia hé SDOF. Trong cdng thic tinh Zy, viéc
tién doan chinh xac ham f{(t) trong khoang thoi gian (ti, tj) la
khé kha thi, mat khac ta nhan dinh trong khoang thoi gian
turong ddi nho At, tai trong f(t) bién ddi rat it va dé don gian,
ta gia dinh tai trong khong ddi trong khoang thoi gian d6 va
bang gié tri f(t). Gia tri f(ti) c6 thé dwoc xac dinh dva vao
phuong trinh dao dong cua m nhu sau:

mi(t) + kv(t) = f(t), tr db ta céd : f(t;) = mi(t;) +
ku(t) = 5 6(6) + kv(t) (11)

Néu v(t;), tinh theo (9) vuot qua gigi han chuyén vi cho phép
nhu trén Hinh 5.3, thi ta s& ap dat mét xung luc p(t) tai ti co
bé rong 1a Aty dé diéu chinh chuyén vi tai tj vé ngudng cho
phép, Hinh 5.b, gia tri xung lyc ndy la mot ham caa v(t),
v(t;), f(t;) va giéi han chuyén vi V.. Theo [12][13][16], ta c6
thé xéac dinh p(t;) theo:

p(t) = Vi + av(t) + fi(e) +vf (&) (12)
Véi Z, = %cos[wo(ﬁt — At,)] — cos(w,. At) ,

- _ & — _Zmt - _%4
*= z’ p= z ' g

Qua trinh I3p lai & mdi budc thoi gian At.
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v(t) khong diéu khién  v(t) c6 diéu khién

r s

™\ Gisi han chuyén vi

t

] ‘ : "
, . . Gisi han chuyér&h
-V o
a. Buong biéu di&n chuyén vi v(t).

At Aty
11T T

b. Xung didu khién p(t). |-|

p(t)a

Hinh 5. Chuyén vi ciia hé va xung diéu khién turong tng.

2.3. Kﬁt hep phuwong phap IMSC va phwong phip BSC
dé dieu khién dao dong hé nhieu bac tw do MDOF

Trong bai bao nay, céc tac gia s& két hop hai phuong phép trén
dé diéu khién chu dong dao dong ciia mot hé nhiéu bac tu do,
muc dich tan dung wu diém cua giai phap IMSC Ia chi phai
giai hé phuong trinh vi phan doc lap theo tirng mode, thay vi
phai giai mot hé phuong trinh vi phan c6 lién quan téi nhau,
mat khéc tan dung cac wu diém cua giai phap BSC nhu tryc
quan, twong ddi don gian, it tinh toan truc tuyén, doi hoi it
nang lugng didu khién hon so véi céc giai phap khac. Viéc két
hop hai giai phap IMSC va BSC trong diéu khién dao dong
cong trinh dwoc thé hién ¢ luu d6 dudi day, Hinh 6 (xem &
trang 5).

Tir hé phwong trinh vi phan trong khong gian vt ly, ta cé thé
xéc dinh céc thong sé nhu tan sé dao dong riéng, dang dao
dong riéng, tir d6 co thé chuyén thanh hé phuong trinh vi phan
trong khéng gian mode. Ta chia thoi gian thanh cac khoang
At, thoi diém dau 1a t,, thoi diém cudi 1a t,. Sau khi giai hé
phuong trinh vi phén trong khong gian mode ¢ thoi diém t,,,
ta tong hop lai dé du doan dwoc cac bién trong khong gian vat
1y nhu chuyén vi, van téc ¢ thoi diém t, trong tuong lai. Kiém
tra xem cac bién nay (chang han chuyén vi) c6 thoa man céc
gi6i han da dit ra truée hay khdng, néu khong dat thi ta quay
lai khong gian mode dé tinh toan x4c dinh cac gié tri xung luc
diéu khién can thiét & mdi mode va tong hop thanh gia tri xung
lyc didu khién ¢ khong gian vat ly, tac dung ¢ thoi diém ¢,
thong qua phuong trinh (6) hoac (7).

3. Mo phoéng (‘iiéu khién dao dong cho khung
nam tang bang phwong phap két hgp IMSC
va BSC

Ta xem xét mot két cau khung 5 tang, ¢6 so d6 nhu Hinh 7.a.
Khéi luong cua khung dugc quy vé cac dam ngang, gia dinh
khéi lwong ciia cot rat nho, c6 thé dugc bo qua. Dam dugc coi
¢6 do cing tuyét dbi, nén cac cot 1am viéc gidng nhu cac 10
xo theo phuong ngang. Khéi lugng va d cing caa cac tang
cho trong Bang 1.

Bang 1: Khéi lugng va do cing cAc tang

Tang | Khdi luong m mdi tang Do cling k mbi ting
Pon vi : kg Pon vi : N/m
5 ms = 50000 ks = 12000000
4 m, = 50000 k, = 12000000
3 m; = 50000 ks = 15000000
2 m, = 50000 k, = 15000000
1 m, = 50000 k, = 15000000

Ta bo qua tinh can caa hé dao dong. Tai céc ting 3 va 5 chiu
cac tai ngoai f5(t) = 1.8 x 10*sin(4t), fo(t) = 1.35 x
10* sin(4t). Dudi tac dung cua cac tai trong trén, khung dao
dong theo phuong ngang. Ta c¢6 thé mod hinh khung nhu mot
hé két cu dao dong nam bac ty do, c6 nim mode dao dong
riéng khéac nhau. O day, ta s& thuc hién diéu khién dao dong
cua hé theo y tuéng cia phuong phap BSC nhu sau: Ta s& gén
mot s6 thiét bi chap hanh ATMD 6 tang 3 va tang 5, Hinh 7.b.
Thiét bi ATMD gom c6 mot khéi luong mg, ¢6 kha nang di
chuyén theo phuong ngang, duoc diéu khién boi mot dong co
gan vao khung dé day/kéo khéi lugng mg chuyén dong, tao ra
phan lyc tac dung 1én khung. D6 chinh 1a xung luc diéu khién
dao dong, c6 gia tri va huéng theo tinh toan va trong mét
khoang thoi gian At,, theo yéu cau.

Khéi lwong

bong co

ms ks
my ky rlff"f':mj
ms ks E—
m, k
my ky
- a. - - b. -

Hinh 7. So d6 khung va so dd gén thiét bi chép hanh.

Ta chia thoi gian thanh cac khoang At, trong mdi khoang ta
phén ra lam 2 giai doan: At, = (t; — t,) la khoang thoi gian
ton tai xung diéu khién va (t, — t;) la khoang thoi gian sau
khi tit xung, Hinh 8.

ol Xung didu khién
4 [p
v t
EU ~° Aty JEI t-t N
; At L ;

Hinh 8. So @6 m6 ta xung diéu khién

Trong qua trinh dao dong, & thoi diém ban dau t,, cac cam
bién gén tai c4c ting s& phat tin hiéu va cung cap thdng tin chi
tiét vé chuyén vi, van tdc dao dong, gia téc dao dong vé trung
tam xir ly. Can ctr trén cac thdng tin nay, tai thoi diém ban dau
t, cua moi khoang thoi gian At, bo xur ly trung tam tinh toan
va du bao duoc & cubi khoang thoi gian d6 - thoi diém t,, c6
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Céc khoi trong mot chu ky diéu khién

Tiép tuc diéu khién
dao déng cong trinh?

Phat 1énh dén cac co cau chap hanh

A J

Hé théng trong khéng
gian vat 1y: M, K, tan
A s6 riéng ®, ham dang @

Céc tai trong bén
ngoai f(t) tic ddng
1én hé théng

| l—]

Céng trinh da dug
diéu khién trong chu ky
diéu khién?

Chuyén sdng chu ky
diéu khién: tiép theo

F 3

khong

Hé phwong trinh dao déng vi
phén bac hai trong khéng gian
vét 1y (co rang budc lan nhau)

}

Téng hop cac xung lye didu khién
trong khéng gian mode thanh céc
xung lye trong khong gian vat 1y

Chuyén hé phuong trinh
sang khéng gian mode (cdc
phuong trinh déc lap nhau)

Y

!

Giai riéng ré& ting phuong
trinh, xdc dinh chuyén vi, van
tdc, gia tdc riéng timg mode

!

Chuyén két qua tre
lai khong gian vat ly

Tinh todn gid trj cic xung lye | khong

diéu khién riéng ré & méi mode

iém tra cdc dap tmg cd
thoa man céc gidi han
trong khéng gian vat ly?

co

Hinh 6. So d6 giai thuat két hop giai phap IMSC va giai phap BSC.

thé chuyén vi & mot hoac vai ting nao dé vuot qua gidi han,
nhu trén Hinh 9.3, thi trung tdm xur ly sé tinh toén, phét 1énh
didu khién ti c4c thiét bi chdp hanh, tao ra mot bo xung luc
c6 gia tri va huong theo tinh toan ngay thoi diém t, , Hinh
9.b, dé diéu khién dao dong ciia cong trinh vé nam trong gioi
han & thoi diém ¢,.

Trinh ty tién hanh:

Tu hé phuong trinh vi phan cia hé khéng can trong khong
gian vat ly [17]:

Mo(t) + Kv(e) = f7(6) (13)
ta xac dinh cAc tan s riéng o tir phuong trinh
det(K — w*M) = 0 (14)

Tir (14), I4p da thirc bac 5 doi voi w? vama tran M, K, ta xac
dinh dugc vec to tan so riéng Q:
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2 Pg
w
; 23.5 w1 4,847 P;=0
oz | 1815 w,| | 13472 p*(ty) =| P (24)
w?=|w3|=|4719| > Q=|w3|=|21.724 | rad/s P; =0
w? 743.0 Wy 27.257 P;=0
w? 1040.1 ©s 32.20 Chuyén sang khong gian mode, ta c6 céc luc tac dung tai mdi

Thay w? twong (g vao ma tran K — w?M (15)
va ding Mathlab dé xac dinh va chuan hoa vec-to riéng, chinh
la ham dang. Du6i day 1a ma tran ham dang cua khung, véi
mdi cot 1a mot vec to ham dang tng véi mot tan s riéng, dugc
chuan hoa theo chuyén vi & tang 5:

0]
1.0000 1.0000 1.0000 1.0000 1.0000
09021 0.2437 —0.9664 -—-2.0957 -3.3336
=10.7159 -0.6969 -1.0325 1.2964 6.7795
0.5109 -1.0277 0.5389 0.7995 —8.6340
0.2659 —-0.7368 1.2625 —1.6774 5.8858

Ta tién hanh thiét 1ap hé phuong trinh tach roi (mc?i phuong
trinh cé thé giai riéng r&) trong khdng gian mode, moi phuong
trinh twong duong mot hé SDOF:

M, Yo () + K Yy (8) = Fy(t) (16)
véi c&c tham so:

My = & MP, ; Ky = P K®, 5 E(t) = &7 f(t) 17)
Nghiém cia phuong trinh (16):

Y,(t) = Y,(0)cosw,t + >— "(0) sinwt + =+ (1 ﬁz) (sinwt —
Bsinwt) (18)
Y, (t) = —w,Y,(0)sinw,t + Y, (0)coswt +

I (1 BZ) (wcoswt — wPcoswt) (19)

Gla sir hé (16) chiu tai xung chir nhat cé gia tri B, trong
khoang (t,, t;), sau d6 d& tai, hé tiép tuc dao dong tur t, tro
di dén t,. Ta chia thanh hai pha [17]:

Pha 1, chiu luc B,:

Y, (t) = Z—Z(l —coswt) tg<t<t (20)
Pha 2, sau khi d& bo P, :

Y, (t) = Z—Z(l —coswt)cosw(t —t;) t;<t<t, (21)
Ta xac dinh dugc vec-to chuyeén vi

v(t) =d.Y, + -+ @, Y, =3TP,Y, (22)

O thoi diém t, =0, ta c6 céc tham sb dau vao
v(to), v(to), f(to) trong khong glan vat ly. Tu day, ta xac dinh
dugc cac tham sb dau vao cho méi mode dya theo cac quan hé

sau:

Va(©) = 0, (0) = 20 () = o] £1(0) (29)
Duva trén cac Sé liéu nay, ta tinh dugc vec to chuyén vi v(t,)
theo cac budc nhu sau: Tinh cac Yy, (t;) tu hé phuong trinh
(21), tiép theo, tinh vec-to v(t,) theo (22).

Gia su ta du bao duoc tai t, = t, + At, vec-to chuyén vi
v(t,) c6 mot hodc vai phan tor nao d6 vuot qua V, (duong
chim cham trén Hinh 9.a, trung tam xir ly sé ra lénh phat xung
c6 d6 dai At,., Hinh 9.b (trang 6), den céc thiét bi chap hanh
& thoi diém to dé dua chuyén vi vé lai gi6i han tait, = t, +
At (duong dut doan).

Viéc tinh toan d6 16n ctia xung nhu sau:

Gia s ta s& gin thiét bi & tang 5 va tang 3. Khi cac thiét bi
chip hanh phat xung, ta thu dugc vec-to xung luc tai to trong
khong gian vat ly:

mode 1a B,(t,) = & p*(t,) (25)
kéo dai trong khoang thoi gian At, = t; — t, . LUc nay, hé
phuong trinh (16) trd thanh:

M, Y, (t) + K, Y, (t) = E,(t) + P,(t) (26)

Ta c6 thé xac dinh cac dai lugng Y, (t,), Y,,(t,) trong khong
gian mode theo c6ng thuc:

Y,(t;) = cosw,At Y, (ty) + mi sin w,At Y, (to) +

fnlto) (L) (s - Palto)

) o i 55
coswAt,)cosw(At — At,) , trong d6 f = w/wy @7)
Va Y, (t) = ol (o)l 8)

At i
Do khoé}ng thoi gian At tuong doi nho (so vaéi chu ky cua t§1i),
ta c6 thé coi luc f*(¢t) thay ddi gia tri khong dang ké va bang
gia tri £*(t,) trong khoang At, dan téi:

Fu(to) = 33 ¥a(to) + KnYu(to) (29)

Mt khac, ciing do khoang thai gian At twong d6i nho so véi
chu ky cua hé, nén c6 thé coi van téc chuyén dong trong
khoang thoi gian nay 1a tuyén tinh, dan t6i cong thic (28) co
thé viét lai thanh:

Yo (t2) = anYa(to) + b Y, (to) + cnF(to) + d, Py (t0) (30)
trong do, a,, 1a hé s6 anh huong caa chuyén vi & mode n ¢
thoi diém ¢, toi chuyén vi & mode n ¢ thoi diém ¢, ; b, lahé
s6 anh huong ciia van tc & mode n & thoi diém ¢, téi chuyén
vi & mode n ¢ thoi diém ¢, ; ¢, 1a hé sb anh huong cua tai
trong & mode n & thoi diém t, téi chuyén vi & mode n & thoi
diém t, ; d,, 1ahé s anh huong cua xung diéu khién & mode
n & thoi diém t, toi chuyén vi & mode n & thoi diém t,.

Du béo chuyén vi
v(t,) > gisi han v Du bao chuyén vi

W N “v(t,) > gisi han V, Du bao chuyén vi
Vv(t,) < gidi han vV

Vv e

[

2At

a. Qué trinh tinh toan du bao dap ting chuyén vi & thoi diém cudi ™.
mdi khoang thoi gian At.

Xung diéu khién tai t;

At At At

b. Quyét dinh phat xung diéu khién & thoi diém du khoang thoi gian At.
Hinh 9. Tinh toan du béo dép tng chuyén vi va quyét dinh
phat xung diéu khién.
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4. Két qua md phong diéu khién dao dong bing ey

phwong phap két hop IMSC va BSC
0.5 l

Duéi day 1a mot sé biéu do, biéu dién két qua tinh toan bai
toan dao dong cua khung 5 ting néu trén cing két qua diéu
khién dao dong cua khung khao sat trén Mathlab. Trén Hinh
10.a va 10.b thé hién chuyén vi cac tang 5 va 3 cua hé (trong
khéng gian vat 1y) dugc diéu khién s& khong vuot qua dugc
gid tri giéi han dinh trudc 12 0.01m. M3i khi chuyén vi c6 xu
hudng vuot ra khoi gidi han, ta thdy xuat hién cac xung diéu
khién tai cac ting 5 va 3 dé diéu chinh lai chuyén vi, Hinh

Xung diéu khién (N)

1l.avall.b.
05 . . 1I'50 > 4 8 & 10 12 14 1 18 20
DOk oo I'. I ——codicu khién

a. Xung lyc diéu khién tai tang 5.

~—
S 8000
=
- 6000
95
> ~
2 S 4000
O ~—
5 2000
£
V v Xy
| ~ A r.(Q
1 Nguorng qhuyen ] ey
_ y vi cho phép &
-0.05" =
B ey b 4000
Thoi gian (s) 8000
a. Chuyén vi tai tng 5 trude va sau khi o diéu khién. s
] 2 4 B B 10 12 14 18 18 20
004 . —— = Thoi gian (s)
—— khong diéu ﬂkhlen b. Xung lyc diéu khién tai ting 3.
0.03 s N, ==coOdiéu khién . L o .
no N Hinh 11. Truong hop thiét bi dieu khién dugc bo tri ¢ tang 5 va tang 3.

Trén Hinh 12 biéu dién sy thay d6i co ning trong hé dao dong.
C6 thé thay trong hé duogc didu khién, cac xung luc diéu khién
phé v& qué trinh tich luy nang lwong trong hé, do d6 khdng
ché duoc chuyén vi caa hé nam trong gidi han dinh trudc.

Chuyén vi (m)

8
8

’ ., —=—khongdiéu khién
Ngudng chuyén I c6 diéu khién
vi cho phép |

2500

-0.04
0 2 4 6 8 10 12 14 16 18 20

Thoi gian (s)

8
8

b. Chuyén vj tai ting 3 trudc va sau khi c6 didu khién.

Hinh 10. Pép ting chuyén vi cua h¢ tai tng 5 va ting 3 khi c6 diéu khién va
khong co diéu khién

=]
8

so0t [/ ‘

Nang lueong dao dong tich liy (J)
g

0/ i L N ¥ 4 .
0 2 4 6 8 10 12 14 16 18 20

Thoi gian (s)

Hinh 12. Su thay ddi co nang tich lity trong hé dong hoc.
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Ta ciing thdy vai trd cha dao cua thiét bi diéu khién b tri &
tang 5, khi gié tri xung luc & téng 5 theo tinh toan thuong gap
hon 10 1an so véi xung luc & ting 3, Hinh 13. Khi xem xét cac
dap tng chuyen Vi suy rong tai cac mode nhu trén hinh 13,
trong d6 ta thiy dap (g ciia mode 1 1a chu dao, 14n at hét dap
g cua cac mode khéc, do vay c6 thé chi can diéu khién mode
1 12 c6 thé dat yéu cau vé chuyén vi cua cac ting khong vuot
qué gisi han cho phép.

0.01 - T "] N =5 T

0.008 [ | “ i i} | ff ) — MOdez
o I AR | N 1 | N Mode 3

0.004

0.002 || | A

0002 | |

Chuyén vi (m)

0004 |

0008 | : ‘ I V—| -y
| ! | | |

-0.01 . 1 : :
0 2 4 6 8 10 12 14 1B 18 20

Thoi gian (s)

\

Hinh 13. Chuyén vi suy rong & 3 mode déu tién cua hé duoc didu khién.

Tai mode 1, bién do dao dong 16n nhat dat duoc tai tang 5,
nén ta xét truong hop dat thiét bi didu khién duy nhat tai tang
5. Ta c6 thé thdy hé cd dap tng chuyén vi, Hinh 14.a, 14.b, va
gia tri xung diéu khién, Hinh 15, twong tuy nhu khi bd tri thiét
bi diéu khicn ¢ ca hai tang 5 va 3, hoan toan thod man yéu cau
dat ra vé chuyén vi, ma gié tri xung diéu khién thay doi khong
dang ké va ciing giam cong tinh todn va nang luong diéu
khién. Nhu vay, chi can b tri thiét bi diéu khién tai ting 5 la
hoan toan hop ly, vira b6t duoc thiét bi, giam dwoc su phuc
tap trong thiét ké va thi cng, vira giam chi phi dau tu.

= . khong diéu khién
5 f — 6 diéu khién
0.03 | | | .\. N
E om AT [ I Y R .n\ -
S o1 _'
L f/ \J W(\J \/\/
> 0 {
E | ||Iul
O -001
-0.02 1] | i !I | ', | . |
003 | '
s Ngudng chuyeén
vi cho phép
-0.05

0 2 4 6 8 10 12 14 16 18 20
Thoi gian (s)

a. Chuyén vi tai tAng 5 trudc va sau khi c6 didu khién & tang 5.

—— khong diéu khién
0.03 | v, =—codieu khién

Ngudng chuyén
vi cho phép

0 2 4 6 8 10 12 14 16 18 20

Thoi gian (s)

b. Chuyén vi tai ting 3 tru6c va sau khi co didu khién & tang 5.

Hinh 14. bap tng chuyén vi cua hé tai ting 5 va ting 3 khi chi dat thiét bi
didu khién & ting 5.

S 105

=
w

=
@

=
'Y

=
(5]

Xung diéu khién (N)

o
[=-]

o

2 4 (] 8 10 : 12_ 14 16 18 20
Thoi gian (s)
Hinh 15. Xung diu khién khi chi bé tri mot thiét bi diéu khién ¢ ting 5.

5. Kétluan

Viéc két hop hai giai phap IMSC va BSC dé diéu khién dao
dong cua hé dong hoc rat c¢6 kha nang dé trién khai trong thyuc
té nho tinh truc quan, don gian cua giai phap BSC vai nhiéu
théng sé duoc tinh toan off-line, ciing nhu viéc thay thé hé
phuong trinh vi phan trong khong gian vat Iy bi rang bugc 13n
nhau bang hé phuong trinh vi phan doc lap trong khéng gian
mode, va &p dung ma tran gia nghich dao dé tinh toén trong
truong hop sb thiét bi didu khién it hon sé mode can diéu
khién trong giai phap IMSC.Viéc &p dung giai phap BSC c6
thé gilp tiét kiém duoc nang lwong van hanh hé théng diéu
khién dao dong, nhd vao viéc thiét bi didu khién chi phat xung
khi céc bién dong hoc cua hé theo du bao c6 kha ning vuot ra
khoi gigi han. Trong thiét ké cong trinh thuc té, trong cac diéu
kién binh thudng, ta c6 thé thiét ké sao cho ban than hé két
cau du chdng chiu, khong dao dong vuot qua gisi han, do d6
hé thong diéu khién khong phai phat cac xung luc diéu khién.
Chi khi gap nhirng diéu kién cuc doan (bio 16n, dong dat 6n),
ltc nay hé thdng chéng dao dong méi thuc sw van hanh. Vén
d@é vé sb luong cac thiét bi didu khién can thiét ddi véi mot hé
dao dong cu thé can duoc nghién cau chi tiét, cu thé hon, do
lién quan t6i vin dé 6n dinh cua hé, vin dé chi phi thiét bj va
van hanh.
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Chii dong chdng dao dong cho cong trinh 13 mot giai phap co
nhiéu htra hen, mac du chi méi duoc tng dung vao xay dung
khoang 40 nam tré lai nhung hién nay va trong tuong lai sé
con phat trién, dac biét cho cac cong trinh cao, cong trinh c6
quy mé Ién. Van dé tim toi sang tao cac giai thuat mai va céc
k¥ thuat mai cho phwong phap chu dong didu khién dao dong
van ludn 1a bai toan duogc dat ra cho cac ki su thiét ké, nhét 1a
phuong phap diéu khién chu dong lién quan téi nhiéu linh vuc
nhu dong luc hoc, dién tir hoc, tin hoc, co dién tu, co khi.. .0
day, cac tac gia co gang dwa ra phuong phap két hop hai giai
phap nham tan dung wu diém cua ting giai phép, cling nhu
khic phuc cac kho khin khi tinh toan truc tuyen va lam ting
tinh kha thi khi ching ta p dung vao thyc tién xay dung. Viéc
con nhiéu huéng nghién ciu mo rong nhu trén trinh bay con
mé ra nhiéu bai toan c6 noi dung thyc tién phong ph, viéc
giai dap duoc cac bai toan nay c6 thé lam sau sic hon hiéu
biét cua chung ta trong linh vuc diéu khién dao dong, ciing
nhu lam ting tinh kha thi khi ching ta 4p dung vao thuc tién
xay dung.
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