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TOM TAT

Ung dung nguyén 1i cyc dai Pontryagin xac dinh quy luat bién ddi ctia mit cit ngang dam
chiu udn dudi tic dung cua trong Iugng ban than cho gia tri cuc dai ciia miii tén vong. Két qua
nghién citu cho thy diéu khién thich hop c6 dang On — Off tng v6i dim c6 dang bac. Xac dinh
diém chuyén bac va anh huong cua tai dén vi tri diém chuyén bac dé.

Tir khéa: didu khién On-Off, nguyén Ii cyc dai Pontryagin, dim chiu uén.

1. GIOI THIEU

Nguyén 1i cyc dai la co sé cho Ii thuyét t61 wu hién dai véi diéu kién can dé cuc tiéu hoa
ham muc tiéu Maier chtra bién trang théi & thoi diém dau va cudi R[Y(0),Y(T)]=min Ia ham
Hamilton H (Y, L P, U,t) =max(khi R[Y(0), Y(T)]=maxla ham Hamilton
H(Y,L,P,U,f)=min):

- Y(t) la cdc bién trang thdi ciua qud trinh dong luc (tudn theo hé phwong trinh vi phdn

dao ham thwong theo thoi gian t).
- L(1) la cdc bién trang thdi lién hop (cé thé hiéu nhw nhitng bién nhan tir suy réng
Lagrange trong bai todn cuc tri vuong).

- P la cdc tham s6 khéng phu thudc t

- U(1) la diéu khién phu thuéc thoi gian ma ta can xdc dinh quy lugt

- tlathoi gian

Nhu vay chuong trinh giai bai toan tdi uu theo quan niém lya chon quy ludt diéu khién
trong mot mién dong U * (r) S U(t) < U **(t) dé dua trang théi doi tugng tir thoi dieém dau dén

trang thai cuoi t6i uu, nghia 1a 1am cyc tiéu mot ham muc tiéu chira cic bién trang thdi cudi d6
(phiém ham Maier) gom cdc Modun sau:

Modun giai hé phwong trinh vi phin dao ham thuong (Mgt) v6i nhitng didu kién c6 thé ¢6 &
ca hai thoi diém dau va cudi Y (0), Y(T).
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C6 thé chi can thoa man gan diing céc didu kién d6 theo muc tiéu binh phuong tdi thiéu véi
phuong phép ldp theo chiéu nguoc cua Gradient. Nhu vay trong Mgt ¢6 Gra (Modun Gradient)
va trong Gra c6 Rkt - Modun giai hé phuong trinh vi phan dao ham thuong c6 cac diéu kién dau
theo phuong phdp Runge Kutta.

Modun tim cuc dai ham mot bién (Mcd) thuc chét 1a chon gid tri diéu khién U trong mién
[U*,U **]. Don gian 1a chia ra 10 gid tri U *+ k.d, v6ik =0, 1,..9, d =(U**-U*)/10

bang cdch so sanh loai tri.
Nhan xét

. Néq ham H 1a mot tong cdc ham thi ta chi quan tam qdé'n nhitng s6 hang c6 chua dai lugng
di{eu khi@n. Trudng hop chi qé m@tﬁsé hang chura dié‘u khi@n H = H*(Y, L P, t) + z(t) U(t) ta cd
diéu khién dang On - Off (di€u khién bang-bang), diéu khién U tai thoi diém t ¢6 dang

U)=WU"+U")/2+sign[z®)J(U" =U")/2

diéu khién On - Off ciing c6 thé xuat hién néu ham H 14 16m , H"(U) > 0.

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

Dudi ddy trinh biy bai toan dang mat cit ngang ctia dam bién doi theo quy luat bac cua diéu
khién On — Off véi truong hop R = max tng véi H = min.

2.1. bat bai toan

_ Xdc dinh so b cdc tham s6 dau vao ciia doi tugng bing kinh nghiém. Coi d6 la giai phdp
goc. Vi du nhu so b ¢6 cdi dam chia nam ngang dai L, vat liéu thép ¢6 modun dan hoi E, trong
lwgng riéng G, mat cat ngang hinh chit nhét c6 dién tich h.A* = const.

~ Xdéc dinh mot dc tinh dau ra vi dy 1a do vong dau ty do V. Xdc dinh tham s dau vao c6
thé thay d6i d€ giam do vong, vi du lay canh ddy la A(x) trong mién [A*- A*/10, A* + A*/10]
de giam V. Nghia la chon A(x) la di€u khién U(t).

Phit biéu bai todn tdi wu dudi dang bai todn tim diéu khlén AX) dé dwa mot diém trong
khong gian trang thadi (chuyen vi V, géc xoay ¢, moment uén M, lyc cat Q) tir diém dau c6

chuyén vi, géc xoay bang 0 dén diém cubi c6 moment udn, lyc cit triét tiéu véi mot khoang
duong 1a d6 dai L cda thanh sao cho V(L) = Max.

2.2. Giai bang Nguyén Li Cuc Pai Pontryagin

Hg dong luc (hé phuong trinh vi phan trang théi) c6 dang

Vi=g
M
O A 1)
M'=0
0=—qA
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V6i diéu kién trang thai dau va cubi
V(0)=¢0)=M(L)=0Q(L)=0
sao cho
V(L) = max (3)
O day c 1a hing s6 trong cong thirc tinh moment quan tinh déi vi tryc ngang cuia mit cat

c=h*/12. Céc budc giai bai toan t6i vu nhu sau:

a) Ldp ham Hamilton.
M
H:¢'PV_E_&4P¢7+QPM_CIAP51 (4)

b) Viét hé phwong trinh vi phan lién hop

P'=0
P'=-P,
. b ®)]
" EcA
P,'=-P,
va diéu kién lién hop
P(L)SV(L)+ P, (L)Sf(L)+ B, (L)OM (L)+ F,(L)6Q(L) -
-P,(0)6V (0)+ P, (0)Sf (0)+ P,, (0)6M (0) + P, (0)6Q(0) + 6V (L) =0
Tinh dén (2) ¢6
P,(L)6V (L)+ P,(L)Sp(L) - B, (0)6M (0)+ F,(0)60(0) + 6V (L) =0
Tir d6
P, (0)=PF,(0)=PF,(0)=0, FK(L)=-1 (6)

Tu (5), (6) suy ra:
P, =-1, P,=x—-L<0 va P, laham don diéu giam tlr gid tri 0 nén ciing khong duong
(£0).Con PQ 1a ham don diéu tang tir gid tri 0 nén khéng am (= 0) . Ngoai ra M khong duong
(<0). Nhu da viét & phan nhan xét trén, chi giit lai céc sb hang phuy thudc diéu khién ta c6
2
H :—%Pq,—qAPQ =—a7—b2A (4%)

Vi a, b 1a hai s6 thyc. H(A) 1a ham 16i nghia 12 gié tri cyc tiéu H (A) = min chi ¢6 thé dat & bién
A* (ing v6i doan dau c6 ngam) va A**(ing vdi doan sau tu do).
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Hinh 1. 3 kha niang dang ham H 16i.

Ta c6 diéu khién On — Off. Pé xéc dinh ro hon dang ciia diéu khién ta c6
x=0,H=-b*’A=max = A(0)= A*
2 (7
x=LH =—X=max = A0)=A**
Diém chuyén tiép s c6 thé xdc dinh tir diéu kién V(L) = max (xem phu lyc Bai toin SBVL)
3. KET LUAN

Khéo sat ham H (A) cho truong hop dam ¢6 miii tén vong nho nhét cho diéu khién gdm ba
giai doan: A**, A(x) , A* voi hai diém chuyén ticp.

Nguyén Ii cyc dai ra dau tién dé giai quyét bai todn didu khién tic dong nhanh va thuong
cho ket qua diéu khién On - Off. Ket qua dam hai bac cho truong hop da xét trén ciing la két qua
cho truong hop khoi lugng dam cho trude tim dieu khién d€ nhip dam la ngan nhat.

Trudng hop c6 tai trong phan b cuong d6 p khong ddi hé phuong trinh trang thii dugc bd
sung

V=g

M

Y= kA )
M'=Q

Q=—qA-p

Néu p dit 16n so v6i q c6 thé coi nhw dam chi chiu téi tp trung (q = 0) ta c6 H =- Abs(a)/
A = max, nghia la A(x) = A*, dam c6 kich thudc nho nhat.

Bai todn ¢ thé mé rong cho truong hop mién diéu khién 1a ham s6 chi can thoa man
AFE(x) > A¥(x).

4. BAI TOAN SUC BEN VAT LIEU
Cho dam hai bac mit cit ngang hinh chit nhat véi chiéu cao khong ddi. Khi d6 ta c6 quan hé mo

men quan tinh I d6i v6i duong trung hoa ctia mit cat va dién tich A 1a 1= cA. Trong lugng riéng
cua dam la q. Can xac dinh d9 vong dau tu do phu thudc vao khoang cach chia bac s.
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7
| e IR > x
%
Vy
A S A L'S
Hinh 2. Truc 2 bac.
Giai phuong trinh trén ta xac dinh dugc
dv, x’
d_x1:2EqA[ A (P —s*)x+ A (s"x—sx° +—) ]
1 1 x*
4 2EA[ AZ(L sz)x2+Al(5s2x2—§sx3+E)]
Tu do
av, (s) 2 2 5’
= A (L —sP)s+ A —
dx 2EcA1[ (L7 =s5)s 13]
1 st
V,(s)= —A, (L =5*)s* + A —
) 2EcAl[ y A=t AT
a) s<x<L
szz_ Mz_ q
dx>  EcA, 2EA2[ AL=2" ]
dv, q 2 2 s’
—2=- — L—s’)s+A—
o emal A Trapl A =5 '3]6EA2[A2( ]
q AZ(L—x)4 q 2 3
V,=- - L +A— + L- +
meml g gl AL AT T [ A9 ]
q A (L-s)* 3
— L—
6EcA2[ e 6EcA2[ AL=s)" s
Cubi cling
V,(L)=—— L- +A— L+ L- L+
()2EA[A2( $)s ] 6EA2[A2( s
q (L-s)*
SEA, | = - 6EA2[ A(L=5)" ] s ©)
Lay dao ham miii tén vong theo s
% 2ECA[ AL =35%)+AS> ]L——[ (L=9)* |Lto 1 L =97 ]5=0

3%@2 —3s")L+S’L—(L-s5)’ =0

1
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Hay
3A A
QR+ L4305 +2 =0 (10)
Al 1
Ta thay:
- (10) khong phu thudc vao g va c (nghia 1a chiéu cao h cua mat cit ngang).
- Nhirng nghiém thuc cua phuong trinh (10) thdéa man diéu kién 0 <s < L lanhiing gi4 tri
duogc chon dé thay vao (9). Gid tri nao cho V, (L) = max la nghiém cua bai todn.

5.VIiDU SO
a) Viduysd: dim thép c6 L =1m, A* =0.10m, A** = 0,12 m.
V& do thi
57 —5,65"+35+0,2=0 (10%)
266 5243 5402

1 T T
05}
0 L
05+
At

0 0.2 [J_Irl 0.6 0.8 1

=]

Hinh 3. Pdthi 5° —5,65>+35+0,2=0.

Trong khoang 0 < s <1, phuong trinh ¢6 nghiém s = 0,669.

12
“Véis =0, thay vao (9) ¢6 V, (L) = 0.125¢ .
Ec
2732
- Vi s =0,669; thay vao (9) c6 V,(L) = u :
Ec
0,1667¢

- Véis=1; thay vao (9) c6 V,(L) =
Ec

Do vang dau ty do V, (L) dat cuc dai khi khoang cach chia béc s = 0,669.
b) Xét truong hop (10%) ¢ thém p va tim p* dés=0
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ABTRACT

ON - OFF CONTROLS IN THE PROBLEM OF BENDING BEAMS

Nguyen Nhat Thang, Bui Hai Le, Tran Duc Trung, Tran Minh Thuy
Hanoi University of Science and technology, I Dai Co Viet, Hai Ba Trung, Ha Noi
"Email: thuybk2012@yahoo.com

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

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

688



