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Abstract

Gantry cranes are widely used in many different fields such as industry or transportation. However, the crane generates unwanted payload
vibration during operation, causing operation and safety at work difficulties. There are many crane control methods, but most of them are
quite complicated in controller design and practical implementation. This paper proposed the ADRC in combination with Output-based input
shaping filter for gantry crane control, in which ADRC is used for precise position control and the filter is designed to reduce the payload
sway angle. The advantage of this approach is that only the signals of the system output are required for the filter design. Since most of model
information on the target system is not needed, the problem of parameter uncertainty is avoided. Simulation results show that the proposed
design can not only suppression the vibrations in the sway angle output but also achieve the desired system response time in position control.
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Tém tit

Céu truc dugc sir dung rong réi trong nhiéu linh vuc khac nhau nhu
cdng nghiép va giao thdng van tai. Tuy nhién, trong qua trinh van
hanh ciu truc s& phat sinh rung dong khéng mong mudn cua tai trong,
gy kho khan trong van hanh va an toan khi lam viéc. C6 nhiéu
phwong phép diéu khién cau truc, nhung hau hét chiung déu khé phuc
tap trong thiét ké bo diéu khién va thuc hién trong thuc té. Bai béo
nay dé xuat ADRC két hop véi b loc dinh hinh dau vao dya trén
déu ra dé didu khién ciu truc gian, trong d6 ADRC duoc st dung dé
diéu khién vi tri chinh xéac va bo loc dugc thiét ké dé giam goc lic
cua tai trong. Uu diém cua phuong phéap nay la chi can cac tin hi¢u
ctia dau ra hé thong cho thiét ké bo loc. Vi hau hét thong tin vé mo
hinh trén hé théng muc tiéu la khong can thiét, nén tranh duoc van
dé vé do khong dam bdo cua tham 6. Két qua md phong cho thay
thiét ké dugc dé xuat khdng chi cd thé triét tiéu cac dao dong & dau
ra goc lic ma con dat dugc thoi gian phan hdi hé thong mong muén
trong diéu khién vi tri. Cac két qua md phong cho thiy hiéu qua cua
phuong phap dé xuét.

1. Introduction

Cau tryc la thiét bi quan trong dugc st dung trong nhiéu linh
vuc nganh nghé, c6 chirc nang di chuyén, nang ha hang héa
va cac thiét bi c6 khdi lugng 16n ma con nguoi khong lam
dugc. Hé thdng cau truc ¢ két cau dang con lic, hoat dong
trén hé théng dam d&. Vi vay, viéc thiét ké bo diéu khién
chéng rung cho mé hinh cau truc da tro thanh mot van dé duoc
quan tam trong nhiéu thap ky. Trong suét nhiéu ndm qua,
nhiéu phuong phap tiép can da duoc nghlen clru phét trién dé
giai quyét van dé nay. Trong [1], [2] va [3], céc tac gia da phat
trién bo didu khién PID dé triét tiéu dao dong cua tai trong
biang cé4ch st dung mé hinh dong luc hoc tuyén tinh cua ciu
truc. BSi vai mo hinh phi tuyén, bo diéu khién truot duoc sir

dung [4], [5], [6]. Tuy nhién, cac phuong phap diéu khién
phan hoi ¢ trén can thém cac thanh phan phan cting b sung.
Chuing khéng chi dit tién ma con c6 nhitng thach thic trong
qua trinh lap dat. O mot chiéu hudng khéc, hé théng diéu
khién vong ho ciing dugc nghién ctu va tng dung trong thyc
té. Mot ki thuat dugc dat tén |a phwong phép tao dang tin hiéu
déau vao da duoc mot nhém nghién ciru tai MIT d& xuét va noi
dung 1y thuyét vé phuong phap nay da duoc trinh bay trong
tai liéu [7], [8]. Phuong phép dinh hinh dau vao truyen théng
hoat dong bang cach tao ra mét tin hiéu bd sung dé loai bo
rung dong do tin hiéu dau vao ban dau gay ra. Trong sé céc
thuat toan diéu khién vong ho, phuong phap tao dang tin hiéu
dau vao thu hat rat nhiéu sy chi y va duoc sir dung rong réi
trong nhiéu tng dung bao gdm ca diéu khién cau truc [9], [10]
va [11]. Thong thuong, phuong phdp nay thuong dugc sur
dung dé dinh hinh quy dao ciia xe ciu ma vi tri ciia n6 thuong
dugc diéu khién bai bo diéu khién PID [12].

Trong nhimg nim gan day, bo diéu khién loai bo nhiéu chua
dong (ADRC) dang dwoc quan tam dé thay thé bo diéu khién
PID truyén théng [13]. Phuong phéap diéu khién ndy cho thdy
mot sb wu diém trong viéc loai bo nhidu va diéu khién cac qué
trinh c6 cac tham sé kho xac dinh chinh xac. ADRC 1a mot
phuong phap diéu khién trong ¢6 mé hinh hé théng duoc mo
rong véi mot bién trang thai méi, bao gdm tat ca dong hoc va
nhiéu chwa biét, thuong xay ra trong qué trinh md hinh héa hé
thong.

MGt van dé ciia phuong phép tao dang tin higu dau vao truyén
thong 1a mé hinh rung dong phai ¢ dinh, tic 1a tan sb rung
dong va hé sé giam chan 1a khong ddi. Do do, dé dat duoc két
qua dinh hinh diu vao mong mudn, can phai c6 hiéu biét
trong ddi chinh xéac vé& dong luc hoc cua dbi tugng. Trong
[14], mot bo loc dau vao duoc dé xuat, day 1a mot phuong
phép thiét ké offline chi dua trén cac tin hiéu cua dau ra hé
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thong. Phuong phap thiét ké bo loc dau vao dua trén két qua
dau ra cua hé thdng 1a mot phuong phap thiét ké nham giam
thiéu su khac biét gitra dau ra caa hé théng thuc té va mo hinh
mau. Phuong phap ndy c6 mot s6 uu diém chinh: (a) chi yéu
cau céc tin higu cua dau ra hé thong, (b) c6 thé chon do giam
chan va bing thong thich hop cua toan hé thong dé mang lai
dong luc hé thong mong muon.

Bai bao nay dé xuét két hop bo diéu khién ADRC va bo loc
dinh hinh dau vao dua trén tin hiéu diu ra dé didu khién cau
truc. Bo diéu khién ADRC déng vai tro diéu khién xe day dén
vi tri mong mudn, trong khi bo loc duya trén tin hiéu dau ra
dong vai tro triét tiéu dao dong cua tai trong. Két qua md
phong cho thay dap ung tot caa phuong an diéu khién dé xut.
Noi dung cua bai bao dugc t6 chtre nhu sau. Phan 2 trinh bay
md hinh toan hoc cua cau truc. Phan 3 trinh bay noi dung thiét
ké diéu khién vi tri va chdng rung cho cau truc. Céc két qua
m6 phong dugc mo ta trong Phan 4. Cudi ciing, két luan dugc
dwa ra trong Phan 5.

2. Mo hinh toan hoc cuia cau truc

Xét md hinh hé théng cau truc di chuyén theo phuong ngang
X, treo mot tai nang ¢ dudi theo phuong Y dugc md ta nhu
Hinh 1, trong do:

x: Vi tri ciia xe ddy theo phuong X

I: chiéu dai cua cap treo

6: goc dao dong cua tai

m, : khdi lugng xe dy

m,,: khdi lugng tai

fex = BegX: luc can ctia khong khi tic dong vao chuyén dong
xe day

foo = B,,H': lyc can cua khong khi tac dong vao chuyén dong
con lic.

F;: luc cang day.

Y
x(1) |
i
fox A
\R X
' \
—\
01 \ .
Ze
feo

Observer

D¢ don gian bai toan ta coi ca xe day va tai la khéi lugng cua
mot chat diém va tac dong cua nhidu duoc bo qua trong béo
c4o nay. Ta c6 vector vi tri tai trong va xe day trong hé toa do
XY duoc md ta nhu sau:
Xm =Xx+1sin0; x, =x (D)
Vi =—lcos0; y,=0
Pong ning va thé ning cua toan bo hé théng dwoc tinh theo
cong thic:

P . 2
T = Tcautruc + Ttai = Emtxz + Emp(xzm + yT%l) ( )
P =mygy, = —mpglcos 0
Ta c6 ham Lagrange cua hé:

L=T-P= Emtxz + Emp(xzm + yr%l)

+mpglcos 0 3)

1 1 . . .

L= Emtfcz +§mp(5c2 + 1% + 1202 + 2xisin 6

+ 2x16 cos 9) +mpglcos 6
Ap dung phuong phap lagrangian cho chuyén dong tinh tién
cua xe theo truc X va chuyen dong quay cua con lic ta dugc:
(me +my)# + mple cos 6 — mlgle2 sinf +
2mplt9cost9 +mplsmt9 = F — Begx
lH+xcos€+gsmt9——Bp9 “)
Voi:
B, : hé s nhét can xe theo truc X (Ns/m)
B, : hé s nhét can tai (Ns/rad)
Gia sir luc cang day cap khi kéo tai duoc bo qua, do d6 chiéu
dai day 1 coi nhu 12 khong ddi nén ta c6 [ = [ = 0. Thé vao
cac phuong trinh trén ta thu dugc hé phuong trinh rat gon mo
ta md hinh cau truc:
(m¢ +my)i + mylf cos 6 —m, 107 sin 6 (5)
= F, — Bog
160 +%cosf + gsinh = —Bpé
Tur phuong trinh 2 ctia hé phuong trinh (5), véi goc dao dong
1a nho, nén ta coi cosf ~ 1,sind =~ 6 tir d6 cd ham truyén
gitra gbc dao dong va vi tri:
6(s) —s? (6)
X(s) Isz+ Bys+g
Trong d6: B, = 2&,/gl véi & 1a h¢ s6 giam chan.
Hé thong diéu khién duoc thiét ké dé co thé dat dugc hai muc
tiéu: diéu khién xe ddy dén vi tri dat mong mudn va giam géc
rung lic cua tai kich thich boi chuyén dong cua xe day. Do dé
trong bai bao nay, phuong phap dugc dé xuét Ia sir dung bo
diéu khién ADRC dé diéu khién vi tri cua xe day va sir dung
bo loc dinh dang du vao dya trén moé hinh miu dé giam goc
rung lic cua tai. Cau trdc didu khién két hop dugc mé ta nhu
& Hinh 2.

Process Sway angle

z
> Trolley position

Hinh 2: Ciu tric diéu khién ciu truc dé xuét
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3. Thiét ké diéu khién
3.1. Thiét ké bd diéu khién vi tri cho xe diy

Dé xay dung b¢ dieu khien ADRC cho viée diéu khien vi tri
xe day, thuc hién bién d6i phuong trinh dau tién caa hé (5) vé
dang:
¥=f+bgu 7
Véi:
f) = i(lécos@ —16%5in0) — Bk
m, +m, eq
u(t) =F
_ 1
Com, +m,
Mot bd quan sat mo rong (ESO) [13] duogc xay dung dé cung
cap gia tri uéc lugng cua f, tir do thuc hién bu lai tac dong
cua f trén m hinh bang phwong phap loai bo nhiéu. Bo quan
sat mo rong thiét ké dudi dang:
2 (1) =2, + L ®) —2,() (8)
%,(t) = %5(t) + bo. u(t) + L, (y(t) — %, (6))
%3(t) = L(y(0) — %,())
Trong d6 Ly, Ly, L5 & cac tham s6 cua bo quan sét. £;, £, 25
lan luot la cac gia tri woc luong cua x, x va f tuong tng. Khi
d6 voi luat diéu khién cé dang
u = (up —%3)/bo ©)
Phuong trinh (7) s€ dugc dua vé dang hai khau tich phan don
gian:
¥(t) = ug (10)
Mot trong nhimg cach don gian dugc dé xuat dé chon luat diéu
khién u, la chon:

by

Uy =Kp(r—%,) — Kp. %, (11)
Thay (11) vao (10) ta cé
() = Kp(r(®) — x(©)) — Kp.%(t) (12)
Hay ham truyén hé kin cta vong diéu khién vi tri 1a
X(s) _ Kp (13)

Gar() = R(s) s?2+Kps+Kp
Trong d6 Kp va K, 1a cac tham s6 cua bo diéu khién. Cac tham
sb nay cung vai cac tham s cua bo quan sat ma rong cé thé
lya chon theo phuong phap dé xut boi [15] trong d6 T, 12
thoi gian qua d6 mong mudn cua dap wng hé kin.
Kp = (s“1)2,Kp = —2s°L,

I, = —3.5550, 1, = 3(s550)2, 1, = (sF50)3 (14)
5.85
s~ — ,sES0 = (3...10)s¢"
TSCC‘ . N
Khi d¢6 ham truyén hé kin ctia vong diéu khién vi tri s& c6 dang
X(s) _ (H? (15)
Ga(s) = =

R(s) (s —sC)?

3.2. Thiét ké bp lgc giam dao d9ng ciia tai trong

3.2.1. Co 56 Iy thuyét vé bg loc dwa trén tin hiéu diu ra
Phuong phép thiét ké bo loc dya trén dau ra cua hé thong la

mot phuong phép thiét ké bo loc nham giam thiéu su khac biét
gitta dau ra hé thong thuc va dau ra cia mo hinh tham chiéu

[14]. Bang cach giam su sai léch gitra dau ra, bo loc dau vao
dam bao rang hé théng thuc té dap tng theo két qua tham
chiéu. Céu tric chung cuaa b loc dwgc thé hién nhu Hinh 3.
F(s) va G,(s) lan luot 12 ham truyén cua bo loc va ham truyén
cua dbi twong tham chiéu. Phuong phap nay c6 mot sé wu
diém chinh: (a) chi yéu cau cac tin hiéu cia dau ra hé thong,
(b) c6 thé chon d6 giam chén va bang thong thich hop cua
toan hé thong dé mang lai dong luc hé théng mong mudn. Nho
vay ma khi két hop vai bo didu khién ADRC thi khong chi c¢6
thé loai bo hiéu qua cac rung dong ¢ dau ra caa hé thong, ma
con gidp hé théng dat duoc thoi gian dap tng mong mudn.

Reference model

Process

F(s) G(s)

Hinh 3: C4u tric bd loc

Xét d6i trong c6 ham truyén sau:

(16)

Trong do6:

& 1 hé s giam chan.

w,, : tan s6 dao dong tu nhién.

K : hé s6 khuéch dai

Muc dich thiét ké bo loc F(s) dé lam giam dao dong cua ddi
tuong G (s). V&i d6i twong c6 dang dao dong nhur trén thi ham
truyén cua mé hinh tham chiéu cé thé dugc dé xuét c6 dang:

K(s) 17
6(5) = = : an
§? + 28 0ms + wi
Khi do6 bé loc sé duoc dé xuat ¢6 dang:
a,s?+ a;s + aq (18)

F(s) =

52 4+ 28, w0ms + W

Muc tiéu 12 tinh todn céc hé sé a, ,ay,a, dé F(s).G(s) =~
G,(s). Goi y(t) va y,(t) lan luot 1a dap tng budc nhay don
vi cua F(s)G(s) va G,(s). Dé c6 thé dat duoc F(s)G(s) =
G,(s) thi can giam thiéu sai léch gitra y(t) va y,.(t). Mot ham
chi phi dugc dinh nghia nhu sau:

E= f (® - y.®)dt

0
Muc tiéu lac nay Ia,xéc dinh cac tham s6 cua bd loc sao cho
E c0 gia tri nho nhat. Trén thyc té khoang tinh tich phan c6
thé dugc chon 1a mot khoang thaoi gian hitu han T du 1on

(19)

£ = [ - @) a (20)
bt F;(s) = 52 + 28 Wm;S + wh; VA& fi(s) = s'/F,. Lic

nay ta co
2

F()6(5) = ) aifi()G(s)

i=0
Ky hiéu d&p tmg budc nhay don vi cua f;(s). G(s) 1a y;(t),
khi d6:

1)
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2

y(©) = ) an(®)
i=0
Luu y rang y(t) chua xac dinh néu F (s) chua biét, nhung c6
thé xac dinh duoc y; (t) khi F,(s) da biét.
Thay (22) vao (20) va theo phuong phap binh phuong nho
nhét, diéu kién can va du dé dat duoc gia tri E nho nhét la:

6E =0k=0,1,2
da, = OLE (23)
Cac giatri ag, a4, a, co thé nhan duoc tir viéc giai hé phuong
trinh [14]:
2

(22)

D S = Ser = 0; k=0,1,2 (24)
i=0
Trong d6 Sy, ; va Sy, duoc dinh nghia la
T
P = f (7 ®y:(©))dt
0
(25)

T
Sir = f (e Oy, (©))dt

0
k=0,12;i=0,1,2
Trong tng dung thuc te, cac dang roi rac cua Sy ; va Sy, &
thuan tién hon cho viéc thiét ké:

S = ;(yko'm).yimt))

v (26)
Ser = ) (0., 80)

j=0
k=0,1,2;i=0,1,2
voi At la thoi gian trich mau va N = T/At. Khi y;(jAt) va
y,(jAt) da duoc trich mau thi S ; va S, c6 thé duogc tinh
toan tir cong thirc (26) va a,, a,, a, c6 thé dugc tinh toan tur
cong thuc (24).

3.2.2. Thiét ké bg loc cho cau truc

Ddi véi mo hinh cau truc, do ham truyén giita goc l4c tai va

vi tri xe ddy c6 dang bac hai, thdng qua mot sb thir nghiém,

bai bao dé xuat chon ham truyén tham chiéu cho goc dao dong

cua tai trong 8(t) c6 dang:
—S

G (s) =———7
r(s) (s + wp)?
trong do6 ta co lirr(} G.(s)=0valimG,(s) =0
S— S$—00
Khi d6, bo loc thiét ké dua trén tin hiéu dau ra co dang:
2
a,s“+a;s+ag
F(s)=———F5—
(s + wf)
D¢ y rang khi thiét ké bo loc phia trugc bo diéu khién vi tri
nhu cau tric ¢ Hinh 2, ta cd ham truyén hé kin cua vi tri dat
va vi tri thuc cua xe déy lUc nay sé tro thanh:

Cals) =FE) Gy KDS + K, (29)
Do d6 dé vi tri cua xe ddy van bam theo vi tri dat thi ta chon
a, = w} hay ndi céch khéc:

lim F(s) ———P =

o0 ST Y Kps + Kp (30)
Khi d6 b loc chi con ¢6 2 tham sb a, va a, can phai tinh toan
dua theo phuong trinh (24).

(27)

(28)

Bai b4o nay thuc hién tinh toan thdng sé cua bo loc véi cac
gid tri wy = 2,4 va 6 dé c6 thé so sanh keét qua.

3.3. Khao sat dap &ng vi tri trong mién thoi gian

Xeét tin hiéu dau vao la tin hiéu budc nhay r(t) = 1(t) hay
R(s) = 1/s. Khi do, véi tin hiéu vao la gia tri dat buéc nhay
don vi, X(s) = R(s) G'.1(s) hay

1 ays?+a;s+ay, s

X( ) N ; (s + a)f) (5 - Scl)z

Tién hanh biég d6i Laplace nguoc, dap ing budc nhay don vi
cua vi tri Xe déy la:

(1)

e “rt.A eSctt B
x(t) = 3 3 (32)
f a)]%(scl + C()f) (SCl + (,l)f)
te ®rt.c teSct, D
- z T 2
(l)f(scl + (l)f) (Scl + (l)f)
Trong do6:

A= _azsCSleZ + aosgl + azsCZle3 - Zalsglez + 3a0$?le

B = 3aysy + agWy + 20,55 + a,53
C = a;siwf — a;sZwy + aosy
D = a,s4 + ais¢ + aosa
Theo dinh nghia vé thoi gian xac lap ¢, [16]:

[x(ts) —x()| =4 (33)
trong d6 x(o0) = 1 la gid tri xac lap ciax va 4 = 2% va luu
y ring a, = w?, do d6

2
- QZSCle

e “rts A esctts B te @fts, C
+ 34
cu]%(sd + wf)3 (sd + wf)3 wf(sd + wf)Z (34)
toeSctts, D
- =002
(S(.‘l + (l)f)

Phuong trinh (34) thé hién méi quan hé giira thoi gian xac
lap t, va cac hé sé cua bo loc. Do d6 khi cac hé s6 cua bo
loc da xac dinh thi cé thé tinh dwoc thoi gian xac 1ap cua
hé thong diéu khién vi tri xe cau theo phwong trinh nay.

4. Két qua md phéng

Dé kiém tra sy hiéu qua cua cau tric diéu khién duoc dé xuat
cho hé cau truc, md phong duoc thyuc hién véi cac thdng sé vé
hé cau truc & Bang 1. Cac thong sé cho b didu khién ADRC
cho diéu khién cau tryc duoc lya chon nhu trinh bay & Bang
2.

Véi nhitng théng sé ¢ trén, tir mé hinh da xay dung dwoc &
Hinh 4, tién hanh m6 phong ta thu dugc cac gia tri trich mau
cua 6, (jAt), 6,(jA), 8,(jAt), 6,(jAt) (Phu luc). Lua chon
At =0.55, T =10s - N = 20, dya vao cong thuc (24) va
(26) ta tinh dwoc cAc tham sé a, ,ay, a, cua b loc cho lan
lugt wf = 2,4 va 6 theo Bang 3.

Bing 1: Thong sé cua hé théng cau truc

m,(kg) | 0.536 & 0 g(m/s?) | 9.8
my,(kg) | 0.375 L (m) 0.64 - -

Bang 2: Thong sé cua bo diéu khién vi tri
b, 1.0977 | Kp 2.1389 L 39.4875
Tser(s) | 4 K 2.9250 I, |519.7542
Sl -1.462 | sF5°0 | —13.1625 | I, 2280.4
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Bing 3: Thong s cua b loc theo gia tri cia wg

Wf = 2 Wf = 4 Wy = 6
a, = 0.1747 a, = 1.3654 a, = 3.2540
a, = 0.0025 a, = 1.0849 a, = 1.3444
a, =4 a, =16 ay, = 36

Vi s, = —1.462 cling vai thdng s6 bo loc dugc tinh toan
trong Bang 3, thay vao phuong trinh (34) ta xac dinh thoi gian
qué do cua dap tng vi tri cho tiung truong hop b loc tng véi
tiing w; nhu & Bang 4.

Béng 4: Thoi gian qua do caa dap ung vi tri theo ting b loc

Wg = 2 Wf = 4 W¢ = 6
t. = 5.48(S) t. = 4.62(3) t. = 4.43(3)
Theta E
i ey s
o - X_ADRC fy
Theta E
(s+ mf)z )
2 X_ADRC |y
Theta @
! X{m)
(s+cu/)’,
i X_ADRC [
pr3 |
. (s +wp)* | ) @

x(m)i Gr

Hinh 4: M6 phong mé hinh tinh toan x4c dinh tham sé caa bo loc

Céc két qua md phong duoc thé hién trén Hinh 5 va Hinh 6.
Két qua md phong bo didu khién ADRC két hop bo loc cho
thdy do giam goc dao dong rd rét so vai bo didu khién ADRC
thong thuong. Tuy nhién do ¢ b loc nén thoi gian dap tng
vi tri ciia xe ddy s& cham hon khi chi str dung bo diéu khién
ADRC thong thuong.

Bo diéu khién ADRC ddi véi mé hinh cau truc c6 thoi gian
qua do vi tri khoang 3.7(s), sai léch so véi thoi gian qua do
mong mudn T, = 4(s) khoang 0.3(s). Sai s6 nay mot phan
1a do khi tinh toan da 1am tron sb. Géc dao dong khoang
0.06(rad)~ 3.44°, c6 hién twong tit dan va tit han sau khoang
9(s).

Trudng hop wy = 2 cho goc dao dong nhé nhat khoang 0.018
(rad) ~ 1.03° (so v6i bo ADRC 3.44°) va tat han sau 6s, tuy
nhién thoi gian qué d6 cua vi tri lai I16n nhat khoang 5.4 (s) (so
véi 3.7(s) cua b ADRC) va kha dung véi thoi gian xac 1ap
tinh toan.

Truong hop wy = 4 ¢6 thoi gian qua do vi tri la khoang 4.5s
va goc dao dong khoang 0.03 (rad) ~ 1.71° va tit han sau
khoang 5s. Thoi gian qua d6 kha dung véi thoi gian xac 1ap
tinh toén t, = 4.62(s) (sai léch 0.12s).

Truong hop wy = 6 €6 thoi gian qua d6 vi tri nho nhét khoang
4.3(s) nhung goc dao dong Ién, khoang 0.05 (rad)~2.86° va
tat han sau 6(s). Thoi gian qua d¢ kha dang véi thoi gian xac
lap tinh toén (t, = 4.43(s)) (sai léch 0.13s)

5. Két ludn

Bai bao nay dé xuat mot thiét ké két hop cua b diéu khién
ADRC véi bo loc dinh hinh dau vao duoc thiét ké dua trén tin
hiéu dau ra cho bai toan diéu khién vi tri va chéng rung cho
cau tryc. Phuong phap thiét ké nay chi yéu cau dau ra cua hé
thong, trong khi hau hét théng tin vé mo hinh hé théng la
khong can thiét. Két qua méd phong cho thiy dap tng tét cua
hé thong vé dap ung vi tri ciia xe ddy va chdng rung cho tai
trong.

D6 thi dap rng vi tri
0.45 thi dap tng vi
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Hinh 6: Géc dao dong cua tai trong
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