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TOM TAT

Ung ding nguyén i gc dai Pontryagin xactinh quy Iut bién doi caa mit cat ngang dm
chiu uwn dusi tac ding aia tiong lwong kin than cho gia treuc dai cua mii tén vong. Kt qua
nghién @u cho thy diéu khién thich fyp c6 ding On — Off tng Wi diam cé ding bic. Xacdinh
diém chuyén bic vaanh hrong aia ti dén vi tri diém chuyén bac do.

Tir khéa:diéu khién On-Off, nguyén i gc dai Pontryagin, dm chiu uon.

1. GIOI THI EU

Nguyén Ii arc dai la co 5 cho Ii thuyét toi wu hién dai voi didu kién cin dé cyc tiéu hoa
ham mic tiéu Maier clra bén trang thais thoi diém dau va céi R[Y(0), Y(T)] = minla ham
Hamilton H (Y, L, P, U,t) = malkhi R[Y(O), Y( 'I):|: maxla ham Hamilton
H (Y, L, P,U,t) = min):

- Y(t) la cac bén trgng thai aia qua trinhdéng lec (tudn theo B phong trinh vi phan

dao ham tlvong theo thi gian t).
- L(t) 1a cac bén trgng théi lién p (co thé hiéu nhr nhing biéén nhan t suy wng
Lagrange trong bai toanue tri virong).

- P la cac tham&khoéng ph thugc t

- U(t) ladiéu khién phy thuge thoi gian ma ta én xacdinh quy lut

- tlathoi gian

Nhu vay chrong trinh gii bai toan éi wu theo quan 8m lya cton quy It diéu khién
trong ot mién dong U * (t) U (t) SU* *(t) d&é dua trang thaiddi tuong tr thoi diém dau dén
trang thai cui toi vu, nghia 1a 1am gc ticu Mot ham muc tiéu chira cac bin trang thai céi d6
(phiém ham Maier) §m cac Modun sau:

Modun gii hé pheong trinh vi phantao ham theong (Mgt) Wi nhitng diéu kién c6 tt co o
ca hai thi diém dau va céi Y (0), Y(T).
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Co thé chi can thoa man gn dlng caatiéu kién d6 theo mic tiéu binh phrong i thiéu voi
phuong phap dp theo chiu ngroc caa Gradient. Nh vdy trong Mgt cé Gra (Modun Gradient)
va trong Gra c6 Rkt - Modunadiihé phrong trinh vi phantao ham tlwong c6 caatiéu kién dau
theo plrong phap Runge Kutta.

Modun tim arc dai ham nét bién (Mcd) thrc chit la cton gia ti diéu khién U trong mén
[U*, U**]. bon gian la chia ra 10 giaiJ * + k.d, véi k = 0, 1,.. 9,d =(U**- U* J10
bing cach so sanhdbtrir.

Nhin xét

_ Néu hamH Ia mjt tong cac ham thi ta ¢lyuan tamién nhiing $ hang c6 cfira dai lurong
dicu khién. Traong hyp chi ¢6 mdt so hang chradicu khien H = H* (Y, L, P, t) + z(t) U(t)ta ¢
diéu khien dang On - Off @ieu khien bang-bang)diéu khién U tai thoi diém t c6 ding

U@)=U" +U")/2+sigNZ (U - U)/2

diéu khién On - Off ding c6 tfe xuit hign néu ham H 1a Idm , H"(U) > 0.

2. BAI TOAN DAM CO PQ CUNG NHO NHAT (MUI TEN VONG L ON NHAT)
CHIU UON DUGI TAC PONG CUA TRONG LUQNG RIENG

Dud¢i day trinh fy bai toan dng mit cit ngang aa dim bién doi theo quy ldt bac ciadiéu
khién On — Off Wi truong hyp R = maxing wi H = min.

2.1.Pat bai toan

X&c dinh sy bo cac tham & diu vao @a dbi twong bing kinh nghém. Coido 1a ghi phap
gdc. Vi du nhr so b 6 cai dm chia Am ngang dai L, &t liéu thép c6 modudan Wi E, trong
lwong riéng G, nit cit ngang hinh dnnhat c6 dién tichh.A* = const

X&c dinh mbt dic tinhdau ra vi di 1a do véngdau tr do V. XAcdinh tham 8 diu vao cé
thé thay doi dé giam d¢ véng, vi di lay canh day la A(x) trong min [A*- A*/10, A* + A*/10]
dé giam V. Ngha la clon A(x) ladiéu khién U(t).

Phat béu bai toan di uu duéi dang bai toan timdiéu khién A(X) dé dua mjt diém trong
khong gian tang thai (chuﬁn Vi V, goc xoaye, moment on M, lyc cit Q) tir diém dau c6
chuyén vi, géc xoay Bng 0dén diém cudi c6 moment Gn, hrc cit triét tiéu wi mot khaang
duong ladé dai L aia thanh sao cho V(L) = Max.

2.2. Gihi bang Nguyén Li Grc Pai Pontryagin

Hé dong hrc (hé pheong trinh vi phan tmg thai) cé dng

Vi=¢
__M
¢= EcA (1)
M'=Q
Q=-0A
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Véi diéu kién trang thaidau va cui
V(0)=¢(0)=M(L)=Q(L)=0
sao cho
V(L) = max 3)
O day c 1a ling $ trong cdng thic tinh moment quan tindi véi truc ngang aa mit cit
c =N /12. Céac lxéc giai bai toan i wu nhr sau:
a) Ldp ham Hamilton.

M
H =¢.P, T Eeh P, +QR, —0AR (4)

b) Viét hé phrong trinh vi phan lién bp

R/':
=R
P (5)
R, '=—%
cA
R,'=-R,

vadiéu kién lién hop
R(Dov(L+ R (Do f(D+ R (DoM(D+ R(DQ D-

-R,(0)oV(0)+ R (0) £ (0)+ R, (Op M (O} B (0p QO oV (LF !
Tinhdén (2) c6

R(DV(D+ E(DoA L) - R, (0)0 M(0)+ B (0)0 A0)+o V(L= C
Tur @6

Ph0=FR0=FR0)=0 R(L)=-1 (6)
Tu (5), (6) suy ra:
R, =-1 B,=x-L<0 vaPR, lahamdon di¢u giam tir gia ti O nén éng khong dong
(< 0). Con R, la hamdon di¢u ting tr gia ti 0 nén khong amx 0) . Ngoai ra M khdng ebng
(< 0). Nhu da viét & phin nhan xét trén, chgiit lai cAc $ hang phu thudc diéu khién ta c6
M a’®

H=-—P,—gAR, = ——-b’A 4*
Ecp * Ve T, )

Vi a, b la hai & thyc. H(A) 1a ham i nghia la gia tf cuc tiéu H (A) = min chi c6 thé dat & bién
A* (rng Wi doan dau cé ngam) va A**¢ng Wi doan sau tr do).
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HT A LrE HT & A¥ HT A AME
| = 4 1 = 4 i =4

2

Hinh 1. 3 khd ning cang ham H éi.

Ta c6diéu khién On — Off. Bé xacdinh rd ton dang aiadiéu khién ta co
x=0,H = -b? A= max= A(0)= A*
a2 (7)
x=LH= A =max= A(0)= A**
Diém chuyén tiép s c6 th xacdinh tr didu kién V(L) = max (xem ph luc Bai toan SBVL)
3. KET LUAN

Khao sat ham H (A) chowng hop dim c6 miii tén véng nb nhit chodiéu khién g>m ba
giai doan: A**, A(x) , A* v ¢i haidiem chuyén tiep.

Nguyén Ii grc dai radau tiéndé giai quyét bai toandiéu khién tacdong nhanh va tivng
cho let qua dieu khien On - Off. Ket qua dam hai kic cho tirong hop da xét trén ang la ket qua
cho trong hyp khoi lwong cim cho tirge timdiéu khien dé nhip dam la ngin nhat.

Truong hyp c6 &i trong phan B cuongdo p khéngddi hé phrong trinh tang thaidugc bd
sung

V'=¢
—_ M
4= EcA (8)
M'=Q
Q=-0A-p

Néu pdu I6n so i g 6 tié coi nhr dam chi chiu ti tap trung (q = 0) ta c6 H = - Abs(a)/
A = max, nghfia la A(x) = A*, caim ¢ kich tlréc nhd nhat.

Bai toan c6 th mé rong cho trong hyp mién diéu khién 1a ham & chi can thoa man
A**(X) > A*(x).

4. BAI TOAN SUC BEN VAT LI EU
Cho dim hai bic mit cit ngang hinh dinhat véi chiéu cao khdngtoi. Khi d6 ta c6 quan&imd

men quan tinh ddi véi duong trung hoawa mit cit va dén tich A1a 1 = cA. Tong lwong riéng
cua dim la q. Gin xacdinh d6 vongdau ty do phi thuoc vao khé@ng cach chiair s.
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7
7
é ————————————————————————————————————————————————————— » X
Vy
P s — L-s
Hinh2. Truc 2 kic.
Giai phuong trinh trén ta xadinh duoc
dv, )
d_;_ZlgcA[ A(LP-S)x+ A(S x s§<+—) ]
= ZEA 2AZ(L 52)x2+A( §>%—— Skt 2]
Tu doé
dVi(s) _ 2 s’
B " eonl M ST A 5
ACRPN Iaw-s)s e ]
a) S< X< L
dv, _ M, _ ¢ _
d¢  EcA 2ECA[ A9 ]
d, __ q q 2 _
dx 6Ece[ AL ]+2EA[ AlL- SZ)SFA_]JrGEg[ Ay
(L_X)4 2 q _
V2= 6ECAZ[ I+ 2EA[A§(L S'Z)SJ“A'_]XFGE,ZA[ HEX]x
q _AZ(L-S)“
6EcA2[ ] 6EcAz\[ AL- sf ]S
Cudi cling
Vs ( )_ﬂ[ A(2- &) st A— ] T %[ AL-¥ 1
q AZ(L 9* q ,
= I~ Secal AT 1's ©
L4y dao ham ndi tén véng theo s
D d 1 a2 3sz)+@sz]|_— (- ] =2 (=¥ ] so
dx 2EcA l

:%(L2—332)L+ SL-(L-9°=0
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Hay
53_(2+3_A2)52|_+3|_25_|_3+i|_3=0 (10)
A A
Ta thiy:
- (10) khéng ph thusc vao g va ¢ (ngh la chéu cao h éa mit cit ngang).
- Nhitng nghém thuc caa phrong trinh (10) tha mandiéu kign 0< s< L la nHing gia ti
duoc chpn dé thay vao (9). Gia imao choV, (L) = max 1a nghém cia bai toan.
5. Vi DU SO
a) Vidish: dim thép co L =1 m, A* = 0.10m, A* = 0,12 m.
V& do thi
s*-5,65 + 3st+ 0,2= ( (10%)

266 5243 5402

05}

05+

0 02 04 0.6 0.8 1
s

Hinh 3 Pdthi s°-5,68+ 3s+ 0,2= 0

Trong khang 0< s<1, phrong trinh c6 nglim s = 0,669.
0,125

Ec
0,273y

Ec

0,1664

Ec
D¢ vBngdau tr do V, (L) dat arc dai khi khaang cach chiat s = 0,669.

- Véi s = 0, thay vao (9) c¥,(L) =

- Véi s = 0,669; thay vao (9) ¢é,(L) =

- Véi s = 1; thay vao (9) c¥,(L) =

b) Xét trong hop (10*) c6 tm p vatim p*dés =0
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Léi cam on. Nghién dru dugc tai tiy boi Quy phat trién khoa lc va céng ngh qusc gia Vit Nam
(NAFOSTED@é Tai NCKH “Téi uu héa Kt cdu sr dung nguyén Ii gc dai Pontryagin” ma &: 107.02-
2012.03 (04-G hoc)).
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ABTRACT

ON - OFF CONTROLS IN THE PROBLEM OF BENDING BEAMS

Nguyen Nhat Thang, Bui Hai Le, Tran Duc Trung, Thinh Thuy
Hanoi University of Science and technology, 1 Dai\@et, Hai Ba Trung, Ha Noi
"Email: thuybk2012@yahoo.com

In this paper, the Pontryagin’s maximum principlaswapplied to determine the rule of
cross-sectional of a bending beam subjected tewssht load in the case of the maximum
deflection. The research result of the On - Offtoarshowed that there is a two-step beam. For
the controlling one, therefore, needs to deterrttieeposition of switch point and the influence
of self-weight load to the position of switch point

Keywords:On - off control, Pontryagin’s maximum principteending beam.

BTV: Chua chay tit chay trang.
- TAc gi: Bb sung thong tin tai du tham klao [1] (thiéu volume)
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