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TOM TAT

Téi wu héa két cAu 1a mot linh vite nghién cttu co hoc méi. N6 1a su két hop giita tinh toan co hoc va téi wu

TU KHOA

Téi wu héa két ciu

Khung phing
Phuong phap luc
Phin mém Matlab

héa toan hoc. Vi vy qué trinh t6i wu 13 mét qua trinh tinh todn s. V&i su phat trién cta coéng nghé tinh
to4n trén méy tinh, viéc tinh to4n cac hé 16n dé giai cac bai toan téi wu tré nén thuén lgi hon bao gid hét.
Tac gia xdy dung va giai quyét thanh cong bai toan téi wu ctia khung phing theo phwong phap luc c6 tiét
dién khong ddi va tiét dién cot thay dbi. Xay dung thuét toan, thiét ké so dd khéi va lap trinh xay dyng bai
ton tdi wu ctia khung phéng theo phutong phép luc trén ngén ngit 1ap trinh Matlab. Két qua tinh toén ¢6 so

sanh tinh toan biing thi céng, 14p trinh va tai liéu tham khao 13 khong c6 sai sb.

KEYWORD

Structural optimization

ABSTRACT

Structural optimization is a new field of mechanical research. It is a combination of mechanical computation

Flat frame and mathematical optimization. So the optimization process is a numerical computation. With the

Force method development of computing technology on computers, it is more convenient than ever to calculate large

Matlab software systems to solve optimization problems. The author builds and successfully solves the optimization problem
of flat frames by force method with constant cross section and variable column cross section. Building
algorithms, designing block diagrams and programming to build optimization problems of flat frames by
force method on Matlab programming language. Calculation results with comparison of manual calculation,

programming and reference are error-free.

1. Bai toan t6i wu két ciu Trong cic phuong 4n c6 kha ning, tit nhién phwong 4n tbi wu

theo bat ky mét quan diém nao déu 12 phutong an ¢6 1oi nhét cho ngudi

Trong tinh to4n két cAu, ham muc tiéu thudng biéu thi cac dai
lwgng cin duge cuc tiéu hoa nhi trong lwong, thé tich két cAu, gid ca
vét lidu. Céc didu kién rang budc dwéi dang déing thitc thudng 1a cac
diéu kién can bing, cic didu kién bién dang lién tuc. Cac didu kién rang
budc dwéi dang bit ding thitc thuwdng 1a cic didu kién v& d6 bén, do
citng, cac didu kién chay déo [1]. Dang ham muc tiéu va dang diéu kién
rang budc thay déi tity theo két cAu va phuong phap tinh. Do d6 bai
to4n ti wu va phuong an giai ¢6 nhitng dic diém khac nhau khi ap
dung céc phuong phép tinh khic nhau. Dang ma trén ctia phuong phép
lue xuét phét tit nhitng gia thiét va nguyén tic sau day: Tai trong 14 cic
Iuic tap trung; Chia két cAu thanh cc phan t riéng biét giéi han béi cac
diém chia goi 12 nat. D8i v&i hé siéu tinh, thanh l4p hé co ban bing
cach loai bé cac lién két thita va thay vao d6 bing cac luc chwa biét R,
Ro, ...,R,. D6i v&i hé siéu dong, thanh 14p hé co ban bing cach thém cac
lién két thiéu va thay vao d6 bing cac chuyén vi chua biét Z,, Z,, ...,Z,.

Thiét ké t6i vu bao gdm va két hop giita cac bai toan co hoc két
cAu va thuc té cong trinh trong pham vi quy dinh ctia céc tiéu chudn va
quy trinh thiét k&. Bai toan thiét ké t6i vu cac két cAu chti yéu 1a nhiing
bai todn quy hoach phi tuyén.

Ham muc tiéu trong d6 thudng 12: Cuc tiu héa cc ham vé thé
tich; Cuc tiéu héa cac ham vé trong luong; Cuc tiéu héa gia thanh
toan b két ciu.
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thiét ké nhung trong moi quan diém, hiéu qua kinh té dugc d4nh gia
bing gi4 thanh x4y dyng vAn phai 12 tiéu chudn quan trong nhét. Chinh
vi véy, khi thiét ké t6i wu cho cac két cAu, viéc cyc tiéu hod cdc ham
thé tich va trong luong ciing chinh 12 1am gidm gi4 thanh x4y dung.

C6 nhidu phwong phép x4y dyng bai toan t&i wu va cing c6 nhidu
phutong phap giai bai toan téi wu. Trong bai bdo nay trinh bay cach xiy
dung bai toén tbi tu theo phuong phap I va cach giai bai ton tbi tu
theo phuitong phép dd thi va phuong phap Gradient.

2. Tinh toan téi wu khung phiing theo phuong phép luec.
2.1. Cong thifc tinh noi hic va bién dang

Gia stt hé siéu tinh bac n (c6 n lién két thita) va chiu tac dung ctia
m tai trong tip trung. Ta c6:

Vecto tai trong

P=[P, P, P; ... P D

Vecto Iuc lién két thira:
R=[R R, Ry ... Ry @
Noi lue trong hé két ciu do tai trong va do lién két thita gay ra:
So=ByxP; Sg=B{XR; B, =YB,. A3

* S, -Vecto ndi lyc do tai trong gy ra trong hé co ban;
* Sg -Vecto ndi luc do céc lién két thita gy ra trong hé co ban;
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* By- Ma tran anh hudng ndi lvc trong hé co ban ing véi tai
trong tap trung P.
* B; - Ma trin anh huéng noi lyc trong hé co ban ¢ng véi luc
do céc lién két R,.
Véc to Noi luc trong hé siéu tinh:

S=S,4Sg =By XP+B, XR. 10
Vecto bién dang trong hé siéu tinh:
U=fxS=f(ByXP+B; XR). )

f - Ma tran d6 mém ctia hé két ciu khung.
Trong bai todn téi wu, dai liong R 13 nhitng dai lvong cin tim
sao cho vira thda mén cac diéu kién vé d6 bén, d6 cting, vita thda man

céc diéu kién bién dang lién tuc ctua hé két cAu.
2.2. (Codng thifc tinh chuyén Vi tai cdc niit, diéu kién bién dang lién tuc

Goi chuyén vi trén phuong cta ngoai luc P 1a X, va chuyén vi
trén phitong ctia lién két thita R 1a Xg. D& tim chuyén vi X,, ta tao mot
trang thai chuyén vi trén hé co ban bing cach loai bo hét cac Iyc P va
R va dit vio diém dit Iy P tai trong gia tao P c6 gid tri bat ky. Goi
trang théi thuc 14 trang thai cia hé siéu tinh da cho. S, 14 ndi lyc trong

hé co ban do tai trong gia tao P gay ra. Theo cong thiic (2.4), ta c6:

S, =B, x P. )
Ap dung nguyén 1y céng kha di, ta cé:
P'x Xp =S, xU. )

Trong d6, vé trai biéu thi cong kha di ctia ngoai liic & trang thai
gia tao trén nhitng chuyén vi kha di & trang thai thite. V& phai biéu thi
cong kha di ctia ndi lfe & trang thai gia tao trén nhitng chuyén vi kha
di ¢ trang théi thyc. Nhung:

Sp=ByXxP—>P'xXp=P xByxU.

Vi P 6 gi4 tri bét ky nén:

Xp =By X U. ®

Thay U béng hé thic (5) ta co:

Xp =By’(f XBy X P+ fXB; XR) =By’ X f XxByXP+By’xfxB xR. (9

Twong ty: D& tim chuyén vi Xz, ta tao mot trang thai chuyén vi
trén hé co ban bing céch loai bé hét cac luc P va R va dit vio diém dit
Iy R tai trong gia tao R gié tri bt ky. Goi trang thai thuc 13 trang théi
cta hé siéu tinh da cho. 5 12 ndi Iy trong hé co ban do tai trong gia
tao R gay ra. Theo cong thitc (2.3), ta c6:

Xp =B (f XByXP+fXBXxR)=B;"XfxByXP+B’xXfxB xR (10)

Vi trong hé chuyén vi theo R bing khéng (Xz=0) nén:

By’XfXxByXP+B;’XfxB; xR=0. an

Phuong trinh (11) goi la phuong trinh co ban ctia phuwong phép
Iuic, con goi 1 phutong trinh diéu kién bién dang lién tuc. Dbi véi hé
tinh dinh vi R = 0 nén ta suy ra:

S=ByXP; U=fxS=fxByxP;, Xp=FxP. (12)

Trong d6 F goi 12 ma trdn 6 mém cua hé két ciu.

F =B’ X f X B,. (13

2.3. Quan hé giita néi luc va bién dang

Trong khung cac tiét dién c6 ba thanh phén noi lye: Lue doc, mod
men v luc cit.Lién hé giita m6 men va géc xoay ctia mot phin tit ij hai
dau lién két ngam bat ky c6 thé viét:

=4(E) p. N g M =2(E) o N o,
M; = 4(L)i]~ 0 +2 (L)ii O Mj=2 (L)ij 0 + 4(L)ij 0. as
Trong d6: ij — chi sb ting v6i phan ti¥ ij, Hinh 2.1
A . X P 2 . 240 2. N
M;, M; — M6 men tai dau i, j cua thanh ij véi quy wéc la duong
khi quay nguigc chiéu kim ddng hd.
2 . X PR 2 . 240 2, N
0;, 6; — Goc xoay tai dau i, j cua thanh ij v6i quy uéc la duong
khi quay nguigc chiéu kim dong hd.

X; o @‘W

X2

Hinh 1. So dd chuyén vi phan ti? ij.

Giai phiong trinh (14) vé6i 4n s6 12 6i, 6j ta c6:
1(L 1(L 1(L 1(L
0= E(E)ij M; —z(a)i,. M 6= g(a)i,. M; —;(E)ijMf- 1%
Viét du6i dang ma tran:
Uy = fy X Sij. (16)
Uij - 1a véc to bién dang; Sij -Véc to ndi luc; fij -ma tran doé mém
ctia phan tit ij.
_[64]. _ M, _1(L 2 -1
Uy = [gj]' Sy = [M,-]' i ‘Z(E),, 5 2 an
Dbi v&i hé két cAu khung ¢6 nhidu phin t ta két hop céc biéu
thite (17) cho hé nhiéu phén ta.

2.4. Bdi todn tdi uu két cdu khung phdng c6 tiét dién thay ddi
2.4.1. Pdc diém cia két cdu khung phdng c6 tiée dién thay ddi

Trong thuc té nhdm tin dung hét kha ning lam viéc cta hé két
cAu giam chi phi vat liéu ngudi ta c6 thé dwa ra nhidu giai phap khéc
nhau. Trong céc giai phap d6 giai phap thay dbi tiét dién dé phi hop
v6i bidu dd néi Ic 12 hay dutge 4p dung. Trong bai ton téi wu, hé khung
¢6 tiét dién thay ddi duge tinh todn gin giéng nhu khung c6 tiét dién
khong d6i nhung phai chi ¥ dén nhitng phép tinh ¢6 lién quan dén d6
citng nhu: Ma tran d6 mém cua hé két cAu f; Biéu thitc x4c dinh phan

luc thita [R]; Cac diéu kién rang budc; Ham muc tiéu...

2.4.2. Ma trdn d6 mém ctia phdn t c6 tiét dién thay doi
a.Ham sé dién tich va mé men qudn tinh tiét dién

Xét mot thanh bat ky ik c6 mit cit ngang tiét dién chit nhat thay

ddi theo chidu dai thanh L. Tai dAu i ¢6 tiét dién by.h; tai dAu k ¢6 tiét
dién byhy. Hinh 2.
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~
.

L b:

Hinh 2. So db thanh c6 tiét dién thay d6i.

Dién tich tiét dién v m6 men quén tinh tiét dién diu thanh.

nd i3

Ai=bixhg Ag=byXhg I ="50 [ =2% (30)
Tadat:f=5—>z=§L—>dz=Ldf (0<&<1)

b=ty h="0 = b (L4 bE); hy = h(1+hE). (31)

Dién tich va mé men quén tinh tiét dién tai toa d6 z dugc biéu
dién théng qua & nhu sau:
= Dién tich 12 ham c6 bac cao nhit 13 2 cua &.
A, = byh, = Aj[1 + (b + h)E + bhE?] = A[1 + ¢, + c,6%]. (32)
¢, =Mb+h); ¢, = bh.
= M6 men quan tinh 13 ham c6 bac cao nhét 13 4 ctia &.

I, = bZhZ = L1+ a& + a8% + az8® + a8t = L (©). (33)

Trong dé:

b. Quan hé giita ngi luc va chuyén vi ddu thanh

Xét mot phén ti? ik bt ki hai ¢Au ngam chiu tic dung ctia chuyén
vi cudng biic diu i xoay mét géc 6;, du k xoay mot géc 6y, ta xac dinh
ndi luc trong thanh bing phuwong phap luc. Hé co ban va céc biéu dd
mo6 men don vi nhu Hinh 3.

/{ : k_% — \u;u TN HT@

X,
- W X1 7 Kl
i ¥ OO
XL : 4 - : i
Hinh 3. So' d thanh c6 tiét dién thay dbi.
C4c ham m6 men don vi tinh theo co hoc két cAu:
M (2) =z=¢EL; M,(z)=1. 33)
Tinh cac hé sb ctia phiong trinh chinh téC'
L M 2 1 LEL 2 L3
Suzf[l(Z)] dz = §LE Ld{—— té dE=al
o EL o ELF(E) f(f) El;
P fL[Mz(z)]zd fl 11 f i =B L
= zZ = = — _ =B —.
“ ) EL Elf(f) El )y £(9) El;
By = 0y = [} D gy = B[N = 0L (39
Trong d6 ta da dat.
_ £ 1
A= 0 (O e fo JiG3) & 0 f(é) 0% (35)
Tinh céc sé ty do clia phwong trinh chinh tic:
Ag = —LOy; Adzp =0; — 0. (36)

Thay vao hé phuong trinh chinh tic; Giai hé phuong trinh ta
duoc nghiém

El;

X, =
X, =

T (€0 + (B = 0)6] .
EI;

TGy A0+ (A= 06,

M6 men diu thanh

M, =
EI;

L(C%-AB)

Viét duéi dang ma tran

246, — (A= 0)6,]

L(C%-AB) (38)

M, = [(A—C)8; — (A+ B — 20)6,]

—_f [ A -(4-0 H&-]
[Mk] = - [(A —¢) —(a+B-20)l6: 39
Biéu thifc géc xoay theo mé men.
_ L(4+B-20)  L(4—C)
El; El; |[M;
ol=| e |l “0
EI; EI;

¢. Ma trdn d6 mém cia thanh c6 tiét dién thay dbi

—(A+B-20) (A-0)
fae=zl -0 A 1)

Céc thanh c6 lién két hai dAu khac nhau ciing duge thuc hién
twong tw. Phin noi luc, diéu kién rang budce vé& do bén; diéu kién rang
budc d6 ciing; didu kién lién tuc va ham muc tiéu twong ty nhu phin
khung c6 tiét dién khong ddi.

3. Bai todn tdi vu hé két cdu khung phdng
3.1. Ni luc trong khung siéu tinh

Ta xét khung siéu tinh. Khung tinh dinh dugc coi 1a truong hop
dac biét cua khung siéu tinh. Gia st khung c6 béc siéu tinh 1a n (n lién
két thita) chiu m tai trong tap trung. Vecto tai trong (1); Vecto luc lién
két thita (2); va véc to Noi luc trong hé siéu tinh (4).

S=ByXP+B; XR. (18)

3.2.Pidu kién rang budc vé d6 bén
a.DBi véi cdc tiée dién ddm ta c6 thé bé qua dnh hudng ctia liic doc

Ji—M‘<U (19)

w;
Trong d6: Mi — M6 men tai tiét dién i; Wi — M6 men chéng uén
tai tiét dién i; o — U'ng suét cho phép. Dwéi dang ma tran bat déng thitc

(19) ¢6 thé viét:
W xS=W(ByxP+B,xR) <o} (20)

Hay

W XxByxP+WXxB; xR <o;. 21)
Trong d6: o;* - Véc to U'ng suét cho phép; W 13 mot ma tran chéo

¢6 dang véi k 1a s6 tiét dién khao sat.

w0 .. 0
-1
w=| 0 W 0 22)
0 0 < Wt

Trong céc hé thifc trén, cic dai luong cling chi sé Wi duge lip
tling ddi trén duwong chéo ctia ma tran vi ddi véi phan ti ij W; = W;
(tiét dién khong thay dbi).
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Tai mit cit trong phén t i ( mit cit c6 thé trung v&i mét cht
bén trai hodic bén phai ctia phin tit i), didu kién rang budc vé ting suit
c6 dang:

D,
t
(Wi’+2;é:1 etikRk,)

= 23)

S6 hang dAu tién trong ngoic 1 két qua ctia phép nhan hang thit

<o

t cla ma trin W v6i ma tran [B,P]; S6 hang thit 2 trong ngic 1a két qua

ctia phép nhén hang thi t ctia ma trdn W v4i ma trén [B,R].

b. Dbi véi nhiing tiét dién cot chiu tdc dung dong thdi ctia mé men va luc

doc, didu kién rang bugc vé ting sudt c6 dang

Dti_ yn
N; (Wi+2k=1 etik,Rk) .
A_i T <o;. 4
Trong d6: N; — luc doc trong phin tit i; A, - Dién tich tiét dién

phan ti i
3.3. DPiéu kién rang budc vé do ciing

Gia stt A 1a véc to chuyén vi tai cic diém dit Ivc. Ap dung cong
thifc (10) ta ¢6 diéu kién rang budc vé& do ciing.
Xp={V1 Y Ym} =By’ X fXByXP+By’XfXB; xR<A. (25)
Dé kiém tra chuyén vi tai diém dit lye Pj ta thuc hién phép nhan
hang thi j ctia ma trin [B’,.f.By] v&i véc to P va nhan hang th@ j ctia
ma tran [B’,.f.B,] v6i véc to R. Cin ¢ vao phép nhén ta c6 diéu kién

rang budc:

ji bjki
L+ TR R L 2 < 4. (26)
Trong d6: Aj — Chuyén vi cho phép tai diém dat luc Pj.
3.4.Piéu kién rang bugc vé bién dang lién tuc
By’ X fXxByXP+ By X fxB; XR=0. 27)

Tu phuong trinh (25) ta suy ra didu kién bién dang lién tuc tai
diém dit lyc lién két thitaRs (s=1, 2, 3, ..., n)
2 B RS, = 0. 28)
Trong d6: Z{:lgl_fi - 1a két qua nhan hang thit k ctia ma tran [B’,*f*B,]
v6i P
o1 fj—:” 12 phén ti nim trén hang thi s cot k ctia ma tran

[B’;*f*B;1.
3.5. Ham muc tiéu

Gia stt mot két chu gdm n cAu kién, mbi ciu kién thit i ¢6 chiéu
dai Li dién tich tiét dién Ai. Trong lugng riéng vt liéu ché tao thanh 1a
yi. Khéi Iuong ciu kién thit i 12 Gi: Hé két cAu 6 n ciu kién, Vay khéi
lwtgng ctia toan hé két ciu 1a G:

G =Zk=1Vi ALy 29
Ham G trong phuong trinh (29) goi la ham muc tiéu hay ham
trong lugng.

4.  Ldp trinh tinh todn trong matlab
4.1. Thudt todn

Chuong trinh 1 - Xay dung bai toan téi vu

Diu vao: sb liéu kich thude; vat liy; tai trong.

Diu ra: Him muc tiéu va cac didu kién rang budc

Buéc 1: Nhép sb liéu kich thuwéce, do cting, chon 4n sb

Budc 2: Tinh toan cac ma trin By; B, va P

Buéc 3: Tinh toén, thiét lap ma tran do mém f

Bu6c 4: Thiét 1ap didu kién rang budc vé& do cting

Buée 5: Tinh toan noi luc

Buéc 6: Thiét 1ap céc diéu kién rang budc vé d6 bén

Budc 7: Xay dung bai toan ti wu
Chuong trinh 2 - Giai bai toan t6i wu
Nhénh 1. Giai theo phuong phap db thi

Buéc 1 - V& dudng rang budc vé d6 ciing, do bén — xac dinh
mién nghiém.

Buéc 2 - Xac dinh hé s géc ctia ham muc tiéu.

Buéc 3 - Vé dudng bidu didn ham muc tiéu tiép xdc véi dudng
rang budc do cling.

BuGc 4 - Xac dinh diém tiép xic, toa 6 va gi tri ham muc tiéu
Nhanh 2 Giai theo phuong phap Gradient

Buée 1 — Tinh céc vée to Gradient ciia ham muc tiéu va cdc diéu
kién rang budc.

BuwGc 2 — Chon diém xult phat A trong min nghiém {x,}, xac
dinh A va {d}.

Bu6c 3 — Tinh toa d6 diém t6i B {x,} xdc dinh {d,} va A dé tinh
toa do diém tiép theo C, Buéc nay can tiép tuc dén khi dat duoc diém
toi wu

Buéc 5 - Xac dinh toa d6 diém t6i wu va gid tri ham muc tiéu

4.2.So dd khéi

Nhap s liéu; xay dung ham muc tiéu
Kich thwdec; vat liéu; tai trong ...

v
| Tinh Bg; B1; P |

v

| Tinh ma tran dé mém f |

h 4

| Tinh rang vuéc dé cirng |

X
| Xac dinh néi luc, diéu kién d6 bén |

v

l Xay dung bai toan ti wu |
Y Y
l Xac dinh mién nghiém | | Tinh Gradient ham muyc tiéu va cac diéu kién
Y Y
| V& db thi HMT tiép xtc voi rang buéc | | Chon diém xudt phat A{x} tinh 2.; {do}; B{x1}... |
L 4 L 4
| Xac dinh diém tiép xuc, gia tri HMT | | Xac dinh diém téi uu, gia tri HMT |
Y A J

Panh gia, so sanh, in két qua
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5. Bai toan tbi vu két cAu khung phéng
5.1. Thiét ké t6i uu khéi liong khung phdng tiét dién khong ddi

Cho khung siéu tinh mét nhip hinh 4. Chidu cao ting H; Chiéu
dai nhip L chiu tdc dung cta tai trong P. C4c cot ¢6 dién tich tiét dién
ngang cac dang chit nhat A1 =b1.hl. Dam c6 dién tich tiét dién ngang
cac thanh dang chi nhat A2=b2.h2.

Ung sudt cho phép phét sinh 16n nhit trong hé két ciu 1 o*.
Chuyén vi ngang 16n nhit khéng viot qua A. Xac dinh khéi lvong nhé

nhét ctia khung dam bao duoc didu kién bén va diéu kién cing.

k4

_ L
(I

~

HIL

E I
) ®

| kel

Hinh 4. So dd tinh toan khung tiét dién khong dbi.

T
=

Tim h; va h, dé khung ¢6 khéi lgng nhé nhét. Cho biét: H =
9000 mm; L = 6000 mm; P = 500 kN; E = 400 kN/mm? theo ciu tao
b, = b, = 200 mm; A=8 mm; 6" =0,1 kN/mm? y = 0,000025 kN/mm?>.

Cuie tidu héa ham c6 hai bién s6 13 h, va h,

G = 90h, + 30/,. (30)
V6i cac didu kién rang budc:
gl — 9112:30000 3037;0000 < 8; go = h2+85:2000 < 01’ gs = 3(h1-;:28000) < 01’ (31)
1 2 1 1

Giai bai toan t6i vu theo phuiong phap db thi
Buédc 1 - Vé duong rang budc:
= d0 cling:
h2 = ((37968750*h1"3)/(h1"3 - 113906250))"(1/3)
= {6 bén clia ddm: h2= 2.604333728924070e + 02
. d6 bén ctia cot: h1 = 2.616893868707043e + 02
. xé4c dinh mién nghiém nhu hinh veé.
Budc 2 - Xac dinh hé s§ géc ctia ham muc tiéu.
Z=90*h1+30*h2; suyrak = 3.
Buéc 3 - V& dudong biéu difn ham muc tiéu tiép xic véi dudng rang
budc do ciing.
= Tinh dao ham ctia didu kién rang budc d¢ cling y =
h2
= Giai phuong trinh y =
5.335339956735093e + 02
= Viét phiong trinh tiép tuyén tai diém
1(5.335339956735093 e+ 025.335339956735097e + 02)
BuGc 4 - Xac dinh diém tiép xiic, toa d6 va gia tri ham muc tiéu
G=64024.079kN

k tim nghiém hl=
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Hinh 5. Két qua giai bai toan tdi wu bing phuong phap db thi.

Giai bai toan téi vu theo phuong phap Gradient
Tim gia tri 16n nhit ctia ham sé:
f(x) = —90h, — 30h,
Véi cac didu kién rang budc (b)
Trude hét, ta tinh vecto Gradient ctia ham muc tiéu
Vf(x) =[-90 —30] = {dy} = {-90 —30}

Va tinh tiép cac Gradient cic ham rang budc:

Dé giai bai toan nay ta ciing xuét phat ti¥ diém x, thudc mién
nghiém va di chuyén theo huéng vecto Gradient ctia ham muc tiéu.
Diém méi x4c dinh ti¥ phwong trinh

)= {xi,1} = {xo} + M{d,}

trong d6 gia tri A dugc 1y bing gia tri nho nhét trong hai gi tri
A VA L. Gid tri A, x4c dinh theo diéu kién khong 4m, dé xac dinh A, ta
giai phuvong trinh:

% Xuét phat tir diém A

Ta chon diém xuét phat nim trong mién nghiém. Piém A c6 toa
a6 {Xo} = {Xo1 X0 } ={ 500 500}thudc mién nghiém. Ta c6 diém méi x;
toa do {x,} cua diém B

1= 21 = 09 -osssno (3] - 1022

% Tiép tuc ta xudt phat ti diém B dén diém C
Tinh céc vecto Gradient tai diém B thudc duong rang budc do

cting (i). giai bai to4n gbém 3 &n: g; r}, 1. cho ta céc nghiém:

rn, = 03162 1, = -0.9487 ¢ = 0.0001
tit d6 ta tinh duoc toa d6 diém C
_ (¥21) _ (636.813475629 -0.406130744
b} = {xz,z} - {516.361544724} +8.502012 { 0.913815121}
_ {633.360547164}
524.130811846

Can ¢t vio phan tich trén day, ta dugc diém méi C toa d6 {x,}
nam trén dwong bién ting v6i didu kién t6i han thit 1 ctia bai toan. Pay
1a diém téi vu.

Toa d6 diém t6i wu:

) = o} = S3e.079)

Gi4 tri ham t6i wu
G=90%534.079+ 30*534.079 = 64089,48 kN
5.2. Thiét ké t6i uu khdi liong khung phdng tiét dién cot thay doi

Cho khung siéu tinh mot nhip hinh 6. Chidu cao ting H; Chiéu

dai nhip L chiu tdc dung cta tai trong P. Cac cdt ¢6 dién tich tiét dién
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ngang thay dbi cdc dang chit nhat tai gi twa Ay=by.h, tai dinh cot

A,=b,h,, DAm c6 dién tich tiét dién ngang cac thanh khéng thay dbi
dang chit nhat A,=b,.h,. Ung suét cho phép phat sinh 16n nhét trong
hé két cAu 12 o*. Chuyén vi ngang 16n nhit khéng viot qua A. Xac dinh
khéi lwgng nhé nhét ctia khung dam bao dwoc didu kién bén va diéu
kién ctng.
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Hinh 6. So d6 tinh to4n khung tiét dién cot thay d01.
Cho biét: H = 9000 mm; L = 6000 mm; P = 50 kN; E = 400

kN/mm? theo yéu ciu ciu tao b; = b, = 200 mm va hy=0,5h;; A=8
mm; 6"=0,1 kN/mm?2 y = 0,000025 kN/mm?. Tim h, va h, dé khung
¢6 khéi lugng nhé nhat

Ap dung chutong trinh tinh ctia nghién cttu ndy ta c6 két qua bai
toan tbi vu:

Xéc dinh gia tri nho nhit ctia ham khéi lvong

Z = 67.5h, + 30h,. 3D
Véi cac diéu kién rang bude va twong dwong cdc bat ding thifc:

513204727500 303750000 h,+54000 3(h,+18000)
== == =<0L 32)
:

D= e o S0
Diing phuong phap db thi dé giai
Budc 1 - V& dudng rang budc:

= d0 cling:
h2=((26046562500*h1"3)/(686*h1"3-128301181875))"(1/3)
= 46 bén ctia dAm: h2= 2.604333728924070e + 02

= 6 bén ctia cot: h1 = 2.616893868707043¢ + 02

=  xac dinh mién nghiém nhu hinh veé.

<01 g5

Budc 2 - Xac dinh hé sb g6c cua ham muc tiéu.
Z=67.5*h1 +30*h2; suy ra k = 2.25.
BuGc 3 - Vé duong biéu dién ham muc tiéu tiép xic véi duong rang
budc do cting.
* Tinh dao ham cua didu kién rang budc do cling y = h2’
=  Giai phuong trinh
y = k tim nghiém hl = 6.344341315765114e+ 02
= Viét phuong trinh tiép tuyén tai diém
1(634.4341315765114 521.5694055354313)
BuGc 4 - Xac dinh diém tiép xiic, toa d6 va gia tri ham muc tiéu
Piém tiép xiic 12: h1 =634.4341315765114;
h2=521.5694055354313
Gia tri ham muc tiéu:
G=58471.386048 kN
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Hinh 5. Két qua bai toan t5i wu giai bing phiiong phép dd thi bai toan 2.

Giai bai toan t6i vu theo phiiong phap Gradient

Tim gia tri 16n nhit ctia ham sé:

f(x) = —67.5h, — 30h, (44
Véi cac didu kién rang bude (b);
Truée hét, ta tinh vecto Gradient ctia ham muc tiéu
Vf(x) =[-67.5 —30] (45)
Do dé:
{do} ={-67.5 -30} (46)

Va tinh tiép cdc Gradient cic ham rang budc:

Dé giai bai toan nay ta ciing xudt phat tit diém x, thudc mién
nghiém va di chuyén theo huéng vecto Gradient ctia ham muc tiéu.
Piém méi xéc dinh tif phwong trinh

{3} = {xi,1} = {xo} + A{d,} “47)
trong d6 gia tri A dugc 1y bang gia tri nho nhit trong hai gia tri
A, VA L,. Gid tri A, x4c dinh theo diéu kién khong 4m, dé xac dinh A, ta
giai phuong trinh:
% Xut phat tir diém A

Ta chon diém xuét phat nim trong mién nghiém. Diém A ¢6 toa
d6 {%Xo} = {Xo1 Xo } ={ 600 500}thudc mién nghiém. Ta c6 diém méi x;
toa do {x,} ctia diém B

600

() = (g0} — osasamanza {60} = {010

< Tiép tuc ta xuét phat tit diém B dén diém C
Tinh cac vecto Gradient tai diém B thudc duong rang budc do

cting (i). giai bai toan gdm 3 4n: o; r;, 1. cho ta cac nghiém:

r, = —0.406130744 1, = 0.913815121 o = 0.000628355
tit d6 ta tinh dugc toa d6 diém C
_ (¥21] _ (636.813475629 -0.406130744
b} = {xm} N {516.361544724} +8502012 { 0.913815121}
_ {633.360547164}
524.130811846

C#n ¢ vao phén tich trén diy, ta duoc diém méi C toa do {x,}
nam trén duong bién ng véi didu kién téi han thit 1 clia bai toan. Day
1a diém t8i vu.

Toa do diém tbi vu:

)= {2} = (52413081 1846)

Gi4 tri ham t6i wu

G=158475.761289kN
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6. Kétluan

Bai bao da xay dyng va giai quyét thanh cong bai toan téi wu ciia
khung phéing theo phutong phép luc ¢6 tiét dién khong ddi va tiét dién
cot thay dbi. Pa xay dung thudt toan, thiét ké s dd khéi va 1ap trinh
x4y dung bai toan tbi wu clia khung phéng theo phiong phap luc trén
ngodn ngit 1ap trinh Matlab. Két qua tinh to4n c6 so sanh tinh to4n bing
thii cong, 14p trinh va tai liéu tham khao 1a khéng c6 sai s6.

Téc gia da giai quyét thianh cong bai toan téi wu khung phing
theo phuong phap dd thi va Grandient. Pa xdy dung thudt toan, thiét
ké so' dd khéi va 1ap trinh x4y dung bai toan téi wu theo phwong phap
Grandient trén ngdon ngit 14p trinh Matlab. Két qua tinh toan c6 so sanh

va dat do tin cay cao.
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clear all; cle; format long; syms hl h2 x

cl=1/8; fa=cl +3*cl*x+3*cl*x"2+c1*x"3; fb=1-

12*c1*x+ 6*cl*x"2-c1*x"3;

yal =(x"2)/fa; ya2 =1/fa; ya3 =x/fa; b11 =subs(yal,x,0);
b12=subs(yal,x,0.25);

b13 =subs(yal,x,0.50); bl14 =subs(yal,x,0.75); bl5=subs(yal,x,1);
A1=(0.25/3)*(b11+b15+4*b12+4*b14 +2*b13);

b21 =subs(ya2,x,0); b22 =subs(ya2,x,0.25); b23 =subs(ya2,x,0.50);
b24 =subs(ya2,x,0.75);

b25 =subs(ya2,x,1);

B1=(0.25/3)*(b21 +b25+ 4*b22 + 4*b24 + 2*b23);

b31 =subs(ya3,x,0); b32=subs(ya3,x,0.25); b33 =subs(ya3,x,0.50);
b34 =subs(ya3,x,0.75); b35 =subs(ya3,x,1);

C1=(0.25/3)*(b31 +b35 +4*b32 + 4*b34 + 2*b33); ybl = (x"2)/fb;
yb2=1/fb; yb3=x/1b;

b41 =subs(yb1,x,0); b42 =subs(ybl,x,0.25); b43 =subs(yb1,x,0.50);

b44 =subs(yb1,x,0.75);b45 =subs(yb1,x,1);
A2=(0.25/3)*(b41 +b45+4*b42 + 4*b44 + 2*b43);
b51 =subs(yb2,x,0);
b52 =subs(yb2,x,0.25); b53 = subs(yb2,x,0.50);
b54 =subs(yb2,x,0.75);
b55 =subs(yb2,x,1);
B2=(0.25/3)*(b51 + b55 + 4*b52 + 4*b54 + 2*b53);
b61 =subs(yb3,x,0); b62 =subs(yb3,x,0.25); b63 = subs(yb3,x,0.50);
b64 =subs(yb3,x,0.75); b65 =subs(yb3,x,1);
C2=(0.25/3)*(b61 +b65 + 4*b62 + 4*b64 + 2*b63);
% Ham muc tieu
H=9000; L=6000; P=50; M=0; E=400; delta=8; sicma=0.1;
gama = 0.000025;
bl =200; b2=200; V=H*b1*(h1+h1/2)+L*b2*h2; Z=gama*V
S0=0.5*b1*h1; S1 =b1*h1; W1=b1*h1"2/6; I1 =b1*h1"3/12;
S2=b2*h2;
W2=b2*h2"2/6; 12=b2*h2"3/12;
% Dieu kien rang buoc theo PP luc
PP=[P]; BO=[0; H; -H; 0; 0; 0]; B11 =[0; H; -H; H; -H; 0];
f=[H*(Al1 +B1-2*C1)/E/I1 H*(A1-C1)/E/I1 00 0 0;
H*(A1-C1)/E/11 H*A1/E/11 0000
00L/3/E/12 -L/6/E/12 0 0
00 -L/6/E/I2L/3/E/120 0
0000 H*(A2+B2-2*C2)/E/I1 H*(A2-C2)/E/I1
00 0 0 H*(A2-C2)/E/I1 H*A2/E/I1];
% Tu dieu kien bien dang lien tuc tinh R
R=-(B11*f*B11)\(B11'*f*B0*PP); RR =simplify(R);
% dieu kien rang buoc do cung
g111=B0'"*f*BO*PP + B0'*f*B11*RR; g11 =simplify(gl11);
% Mo men tai cac tiet dien
S=BO0*PP +B11*RR; SS = simplify(S);
%Luc cat
Q=[(S(2)-S(1))/H; (S(2)-S(1))/H; (S(4) + S(3))/L;
(S(4) +S(3))/L; (S(5)-S5(6))/H; (S(5)-S(6))/HI;
QQ=simplify(Q);
%Luc doc
N=[-Q(3); -Q(3); Q(2)-P; Q(2)-P; Q(4); Q(4)];
NN = simplify(N);
% Dieu kien rang buoc do ben
sicma =[S(1)/W1+N(1)/S0;S(2)/W1+N(2)/S1; -S(3)/W2-N(3)/S2;-
S(4)/W2-N(4)/S2;
S(5)/W1-N(5)/S1;S(6)/W1-N(6)/S0];SICMA = simplify(sicma);
gl=g11-8 g2=SICMA(4)-0.1 g3=SICMA(5)-0.1
a=solve(yl,h2); b=solve(y2,h2); c =solve(y3,h1);
aa=simplify(a) bb=simplify(b) cc=simplify(c)

clear all; clc; syms h1 h2tl t2 deltaabcdell;

Z =(135*h1)/2 + 30*h2; g1 =513204727500/(343*h1"3) +
303750000/h2"3 - 8 ;
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g2 =(h2 + 54000)/(8*h2°2) - 1/10; g3 =(3*(h1 + 18000))/(8*h1"2)
-1/10;

%t1 =solve(gl = =0,h2)

%t2 =solve(g2= =0,h2)

%t3 =solve(g3 = =0,h1)

t1=((26046562500*h1"3)/(686*h1"3 - 128301181875))"(1/3);
t2=2.604333728924070e + 02; t3=2.616893868707043e + 02;
t4=-2.25%(h1-634.4341315765114) 4+ 521.5694055354313;
ezplot(t4,[200, 800]); hold on; ezplot(t1,[200, 800]);

plot([200, 800],[260.4, 260.4]); plot([261.7, 261.7], [200, 800]);

grid on;

clear all; clc; syms h1 h2 tl t2 deltaabcecdell

Z =(135*h1)/2 + 30*h2; yl =513204727500/(343*h1"3) +
303750000/h2"3 - 8 ;

y2 =(h2 + 54000)/(8*h2"2) - 1/10; y3 =(3*(hl +
18000))/(8*h1"2) - 1/10;

yla=subs(yl, h1, 600-67.5%11); y1b=subs(yla, h2, 500-30*11);
rl =simplify(y1b) ezplot(r,[-20, 20]);

roots([1 -(230)/3 +(64900)/27 -(461712185)/12348
+(8007000500),/27783 -(210680450000)/250047 -
137907500000/2500471)

yla=subs(y2, hl, 636.8134756298780-67.5*11);

y1lb=subs(yla, h2, 516.3615447243902-30*11); r2 = simplify(y1b)
ezplot(r2,[-200, 200]); yla=subs(y3, h1, 636.8134756298780-
67.5%11);

ylb=subs(yla, h2, 516.3615447243902-30*11); r3 =simplify(y1b)
ezplot(r,[-200, 200])

df=[diff(z,h1) diff(Z,h2)]; dfl = [diff(y1,h1) diff(y1,h2)];
df2 = [diff(y2,h1) diff(y2,h2)]; df3=[diff(y3,h1) diff(y3,h2)];
df1b=subs(df1,h1,636.8134756298780);
dflc=subs(dflb,h2,516.3615447243902)

df2b =subs(df2,h1,636.8134756298780);

df2c = subs(df2b,h2,516.3615447243902)

df3b =subs(df3,h1,636.8134756298780);

df3b =subs(df3b,h2,516.3615447243902)

x0 = [0.001; 0.001; 0.001]; [x,fval,exitflag] = fsolve(@fun,x0)

[636.8134756298780; 516.3615447243902] + 8.502012*[-
0.406130744719204; 0.913815120768526]
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