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THIET KE BO DIEU KHIEN TOI WU CHO CO CAU NANG CUA CAU TRUC
DESIGN OPTIMAL CONTROL FOR LIFTING MECHANISM OF BRIDGE CRANE

KS. HOANG VAN NAM
Vién KHCS, Trwong DPHHH

Tém tat

Co céu nang ctia cau truc Ia mét trong nhiing co cau tiéu ton nhiéu nang lugng nhat. Xét
vé maét kinh té, trong khi thiét ké co' cau, ngoai dam bao do bén, d¢ tin c@y, doi khi nguoi
ta con chd trong dén tinh ti wu vé tiéu tén nnang lugng cda co cau. Bai bao nay gioi thiéu
vé mot phwo'ng phép thiét ké bé diéu khién téi wu (BDKTU) cho co céu nang céu truc,
trén co' sé& phuong trinh RICCATI va cach gidi phuwong trinh RICCATI bdng phuong phéap
sé trong matlab.

Abstract

Lifting mechanism of bridge crane is one of the most power — consuming ones in term of
economy, not only designers compute strength, stability but they also sometimes take
into account optimality on power expenditure of the mechanism. This paper introduces a
method to design a optimal control for lifting mechanism of bridge crane based on
RICCATI equation and solution to the equation by numerical method using matlab
software.

1. Dat van dé

Trong quéa trinh 1am viéc cGa co céu
nang (Hinhl), & giai doan dau khi hang chua
nhac 1én khdi nén, lyc cang trong cép do dong
co cla co cAu nang sinh ra tang Ién dan dan,
cho dén khi lwc cang trong cap céan bang trong
lwgng hang, Iic nay hang bét dau dwoc nhéc
lén khoi nén. O giai doan tiép theo hang da
dwoc nhac 1&én khdi nén, va hé cling bat dau
dao ddng v&i 2 bac tw do nhw Hinh 2, ching ta
tiép tuc tang lwc cang trong cap, goi thanh
phan tang nay la u. Bai toan d&t ra 1a v&i u
bang bao nhiéu thi nang lwong tiéu hao dé
nang hang Ién mét vj tri nao dé cho trudce la
nhé nhét.

Hinh1. Co’ cu néng cua cau truc.

Bai toan sé dan viéc tim u béng bao nhiéu thi lam cho ham muc tiéu sau dat cwc tiéu [1,2]:
1 o0

J==[(X"QX+u"Ru \dt (1)
2JXQ M

Dé giai (1) chung ta c6 thé sir dung cac phwong phap (PP) gidi tich nhw: bién phan, cuc dai
pontryagin, Bellman...

Tuy nhién, nhiéu khi ham muc tiéu rat phirc tap, kho co thé giai bang PP giai tich, t do
nguoi ta nght dén cac PP s6. Sau day sé trinh bay PP str dung phwong trinh RICCATI.

2. Thiét ké bo diéu khién
2.1 Xay dwng mé hinh co’ hoc, phwong trinh khéng gian trang thai

Xét cau truc nang hang tir mét vi tri hang dang duoc treo I& IGng: m; 1a khéi lwong cla
phan quay co c4u nang quy déi vé chuyén dong tinh tién theo phwong cap cho tiép xuc véi tang,
m, 1a khéi lwong ma hang, k la d6 cirng quy di clia cap, u la luc diéu khién can tinh. M6 hinh tinh
nhw Hinh 2 (bd qua ma sat) [4].

Phwong trinh vi phan chuyén déng:
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1 1
Pong nangciahé: T = > ml)SfZ +E mz)&z;
P 1 2 . A A *
thé nang cha hé: I1 = Ek(xl —X,)"; lwc suy rong khong co thé:Q, =u, Q , =0;

Ap dung phwong trinh Lagrange |I:
dpor) or__od
dt{ o ) 0x; OX

Tl d6 1ap dwoc phwong trinh vi phan chuyén déng clia hé nhw sau:
m, &+ kx, —kx, =u
m, & —kx, +kx, =0

G PR (P S
Viét lai (2) dwdi dang ma tran: + = u ?3)
0 m,||&| |-k Kk | X, 0

Hay M¥E DXt KX = Bu ()

) m 0 k -k 1 0 0
Trong dé: M = K= ; B= D=
0 m, -k k 0 0 0

Phwong trinh khéng gian trang thai:

+Q/ =12

@)

&= AX@+ BuO ©
Trong do: X)) =[x,(1) x,(t) &) KO (6)
) 0 1 0]
0 1
0 |
A = o e |= LI 00 @)
-M—™K -M™D m m
LS S
L My m, i
0 1 T
B.=|,,,.|=|0 0 — O 8)
M~B m,
2.2 Phuwong trinh RICCATI
Xét 1 hé lién tuc dwgc mo ta béi:
9X 2 A X+ B ©
dt
u =F.X(t) (10)

Vi trang thai X(0) da biét. ) )
Ton hao nang lwgng dé dwa hé ti trang thai X(t) ve X(0) dwoc danh gia bang ham muc tiéu sau:
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T
Jzzz[(XTQXJruTRu)dt (11)

_ Chuing ta can tim u dé (11) co gia tri nhd nhét. Dé bai toan c6 nghiém, trong (11) Q dwoc gia
thiét 1a ma tran do6i xirng khong am va R la ma tran déi xirng xac dinh dwong dé cho nang cla hé

(XTQX) va nang lwgng didu khién (U"RU) c6 gia tri khéng am [2, 3], tirc la:

Q' =Q,X"QX20 VX;F' =F, u"Rux>0 vu
Tw (9) va (10) ta co:

(L—i( = A X(t)+B.u(t) = AX(t)+B.FX(t) =[A, +B.F]X(t) (12)
Ap dung PP s6 mii ma tran, giai (12):
X(t) = e+ BRIX(0) (13)

el * BRIt ma tran chuyén déi trang thai.

Thay (10) va (13) vao (11):

T
J:ijT(Q+ FTRF, ) Xdt

0
_ %X(O)T { [e®r R (Q+ RTRR, Je™ " %dt | X(0) (14)
0

Chung ta dwa vao 1 ma tran hang sé P théa man phwong trinh sau:
~(A,+B,F,) P-P(A+B,F.)=Q+F'RF, (15)

Ta lai co:
L
dt
+e A BRI (Lp) (A + BF, )e )

{e(Ac+ Bch)Tt (_P)e(Ac"' Bch)Tt} — e(Ac+ Bch)Tt (AC + Bch )T (_P)e(Ac+ Bch)Tt
Tt

(16)
Tt

—e B (A + BF) P-P(A+ B e

— plAc*BeR)Tt (Q +F.RF, )e(Ac+ BeR) Tt
T (16) va (14), ta cé:

J=ZX(O) {e S (-pyeln o)

o0
X(0) 17)
0
T (12), hé bn dinh khi va chi khi céc trj riéng cia ma tran [AC+ Bch] c6 phan thyc < 0.
Vi vay (17) viét lai 1a:
Loyt
J= EX(O) PX(0) (18)

X 1a bién trang thai co kich thudc (n x 1), d& J 1a mét s6 dwong thi P phai la mét ma tran
xac dinh dwong doi xieng ¢ kich thude (n x n) [1]. Vi X(0) da biet, do d6 J sé nhé nhat khi P nhé
nhat.
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Tl (10), u la sb tin hiéu dau vao co kich thwéc (r x 1), do dé F. phai cé kich thwéc (r x n),
c6 dang: F, = [fu} (19)

rxn

Chu y cac phuong trinh sau:

o TP OFT

f—(AC+ B.F.) P=(A.+BF) — B,"P (20)
ij ij ij
?P(A; B.F.) =5—P(AC+ B.F,)+PB, oF; (1)
ij ij ij

T
?(Q+FCTRFC)=5::C RFC+FCTR$ 22)

ij ij ij
Dao ham 2 vé (15) va chi y dén (20), (21), (22) ta nhan dwoc:

TP P oFT
~(A.+BF.) f——f—(AC+ B.F.)= = (RF,+B,'P)+(F'R+PB,)

ij ij ij ij

oF,

(23)

C

i=1,2,..., rj=1,2,.., n: (23) c6 rn phwong trinh; la matran c& (r x n), nhan gia tri

ij
T

bang 1 tai vi tri hang thw i, cot the j. Tai cac vi tri khac 1a gia tri 0; —

& matran c& (n x r), nhan
ij
gia tri bang 1 tai vi tri hang th( j, cot tht i. Tai cac vj tri con lai la gia trj 0.
Tw (18) dé J dat gia tri nhd nhét thi dao ham cda P theo f; bang 0.

P 0= _o,vx(0) (24)
of, of,

Thay (24) vao (23), ta nhan dwoc:
RE + BCTP =0=F = —R‘lBCTP (25)

(25) ton tai khi R 1a mdt ma tran vudng khong suy bién cé c& (m x m) (bang sb6 cot cla By).
Tl (25) ta c6 cac biéu thirc sau:

B,F, =—B,R'B!P (26)

-1

F'RF, :(—R‘lBCP)T R(-R'B,P)=P'B,(R") R(R'B,P)=PBR'BP (27)
Thay (26), (27) vao (15):

~(A.- BCR‘lBCP)T P-P(A,-B,R'B,P)=Q+PBR B[P

< AP+PA,-PB,R'B,/P+Q=0 (28)

(28) dworc goi la phuwong trinh RICCATI.
BDKTU: u®=FX=-R"BPX (29)
2.3 Ap dung phwong trinh RICCATI tim BDKTU u°
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Dé giai phwong trinh RICCATI bang phuwong phap sb s dung phan mém matlab, & day ta
xét vi du mét cau truc cé: m;= 7000 kg, m,= 10000 kg, k= 100000 N/m. Khi dé:

0 0 10 0
0 0 01
A = ; B, = 1.0e-003.
-14.2857 14.2857 0 O 0.1429
10.0000 -10.0000 0 O 0
80 0 0 O
Q cd kich thugc (4x4), Chon Q, , =104 0 80 00
P e 10 0 070
0 0 0 1
R c6 kich thuwoc (1x1), Chon R, =[1]
Giai (28) badng phan mén matlab 7.5 cho két qua sau:
2.6260 -2.2661 0.4044 0.5754 -0.0104 + 4.9281i
-2.2661 2.7358 0.4810 0.6888 -0.0104 - 4.9281i
P =1.0e+007 * ; L= .
0.4044 0.4810 1.9917 2.5991 -0.1929 + 0.1929i
0.5754 0.6888 2.5991 3.9610 -0.1929 - 0.1929i

F = 1.0e+003*[—0.5777 -0.6872 -2.8452 —3.7130]

BDKTU:
u’= 1.0e+003 *[-0.5777 -0.6872 -2.8452 -3.7130][x,(t) x,(t) *&(t) )85('[)]T

3. Danh gia két qua va két luan

Bay giv ta s€ xét xem v&i u da tinh nhw & trén thi liéu nang lwvong tiéu hao la nho nhét hay
khong. Va néu co thi hé cé lam viéc 6n dinh khdong? Ta c6 thuat gidi nhw sau:

Buwdc 1 - Thay u da tim dugc vao (5) tim dwoc vector trang thai X, sau do thay vao (1) tinh
dwoc chi s6 danh gia nang lwong tiéu hao J,.

Buoc 2 - Voi trwong hop trén, F. sé cd dang: F, = [fl f2 f3 f4], tr (25) ta thay F.
nguwoc dau voi B, nén cac phan tir F. sé mang dau (-). Cho cac f chay tir gia tri -k nao d6 dén 0.
Ung v&i méi trwdng hop cla cé;c bién chay nhw vay, ta sé cé mét tin hiéu diéu khién u, lam twong
tw B1 ta sé tinh dwgc cac chi so tiéu hao nang lwgng twong ting J;, dem so sanh v&i J,.

Buoc3-Néu J; < J,, kiém tra tinh 6n dinh cia hé: Real(eig(A, +B,F,))<0

Budc 4 - Xuat két qua u;, J; ing véi mbi truong hop théa man diéu kién & Budc 3, dem so
sanh v&i u®, J, danh giéa sai khac.
* Két qua tinh trong matlab 7.5

Diéu kién dau: t=0, khi m, & vi tri thdp nhéat ding bang dé gién do khdi lwong m; tinh gay ra,

m; chwa c6 chuyén vi, van tbc m; m, =0:= X(0)=[0 -1 0 0]", gia s thoi gian nang hang |a 10s.

Cho méi f; chay tr 107(3*[-20—0]) v&i bwédc nhady bang 0.2*(1073). Két qua véi trwéng hop BDKTU
u® thi nang lwong tiéu hao la nhé nhéat va hé 6n dinh (J,= 6.8777e+006).

Khi u=0: J= 8.1015e+006, nhw vay chi tiéu danh gia nang lwong tiéu hao 1&én gap 1,18 1an

S0 v&i trwdng hop u®. Diéu nay dwoc gidi thich nhw sau (xem Hinh3): Khi chay chwong trinh, tir

két qua ta thay rang, khi u=0, mac du nang lwong diéu khién = 0, nhw do gia tri cia X(u=0) I&n
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hon gia tri X(u=u®) nhiéu, nghia la m;, m, dao dong véi li dd va van téc I&n hon dan dén két qua
nhuw tinh toan & trén.

T T T
2 XU 7\ (i) o
A A

W), s,

i .
a2t L i

5 = B El ]
s

Hinh3. Sw phu thuéc cuda bién dé va van téc dao déng ctia m, vao t khi u=0 va u=u®.

Nhw vay, BDKTU duoc thiét ké theo PP nhw trén khong nhirng dam bao dwgc nang lwgng
tiéu hao la nhoé nhat ma C(‘)n‘dém béo hé lam viéc on dinh; viéc tinh toan cling dé dang thyc hién nho
sy tro giup clia cac phan men nhw Matlab, Maple, ... Bai bao ciing c6 the lam tai liéu tham khao cho
viéc tinh toan BBDKTU co cau nang cla cong truc, cau chuyén tai, cac can truc dang can...
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