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TOM TAT

Bdi todn vé hé thanh siéu tinh trong Surc bén vt liéu da phcfn déu la cdc bai todn phutc tap,
c6 nhiéu bic ti do doi héi mét khoi lwong tinh todn I6n. Hién nay, phwong phap PTHH dd va dang
dwge sir dung rat rong rdi trong tinh todn co khi, ky thudt... Tuy nhién, khi dp dung phwong phdp
nay luén gap cdc khé khan vé mdt toan hoc. Bai bdo ndy dwa ra y tuong vé viéc img dung lap trinh
MATLAB két hop phwong phap PTHH dé di gidi quyét mét sé bai todn vé hé thanh siéu tinh bdc cao
ciia mén hoc Sire bén vdt liéu.

T khoéa: Phirong phdp PTHH; Phan mém MATLAB; Hé thanh siéu tinh.

ABSTRACT

Problems on superstatic bar systems in Strength of Materials are mostly complex problems
with many degrees of freedom requiring a large amount of calculation. Currently, the FEM method
has been widely used in mechanical and engineering calculations... However, when applying
this method, there are always mathematical difficulties. This article presents the idea of applying
MATLAB programming combined with the FEM method to solve some problems on high-order
superstatic bar systems in the subject Strength of Materials.

Keywords: FEM method; MATLAB software; Frame.

1. PAT VAN DE trién manh cua cong nghé thong tin, cic phuong
phap s thé hién nhidu wu diém, trong d6 phai

Trong tinh toan sirc bén vat lidu, viéc ké dén phuong phap phan tir hiru han (PTHH).

bat gip bai toan siéu tinh 1a mot ndi dung
thuong gap va pho bién. Viée giai cac bai toan
hé siéu tinh dwoc thyc hién béi nhiéu phuong
phéap, nhung nhin chung, c6 thé dua vé hai
nhom chinh: nhém cac phuong phap giai tich
va nhom cac phuong phap sb. Vi viée phat

Day 1a phuong phap rat hidu qua va duoc sir
dung rdng rai trong nhiéu linh vuc khoa hoc va
ky thuat, trong d6 c6 viéc tinh toan giai quyét
cac bai toan siéu tinh cua hé két ciu. Trong
phuong phap PTHH, cac dit liéu dau vao nhu
so do tinh, so do tai trong déu duoc sb hoa nén
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viéc nhap dir li¢u dau vao rat dé dang. Toan bd
so do tinh duoc dua vé ma tran do cung, so dd
tai trong dugc dua vé véc to tai trong nut. Viéc
tinh chuyén vi nat con lai 13 giai phuwong trinh
can béng dudi dang ma tran. Vén dé dat ra 1a
khi gip nhimg hé két cau 16n c6 nhidu phan
tir thanh, nhiéu bac tu do 1a cac thanh phan
chuyén vi tai nut s€ gap kho vé& mat tinh toan.
Diéu d6 dan dén viéc phai két hop phin mém
toan vao phuong phap PTHH dé phan tich hé
két cdu duoc don gian hon [1].

Trén co so phan tich tinh nang cua cac
phan mém toan hoc théng dung, ciing véi kinh
nghiém tmg dung cac phan mém toan vao giang
day, tac gid nhan théy viéc ap dung MATLAB
vao phuong phap PTHH dé di giai quyét bai
toan vé hé thanh siéu tinh bac cao la rat hiéu
qua ddi véi viée hoc tap va nghién ctru cta sinh
vién va hoc vién cao hoc. Phan mém MATLAB
¢ cac uu diém vuot troi voi cac bai toan ma
tran, cac bai toan can duoc s6 hoa, can duoc lap
trinh va tu dong hoa cao. Phan mém MATLAB
trg gitip cho vié¢e tinh toan, vé dd thi rat wu viét.
Céc 1énh cia MATLAB manh va hiéu qua, cho
phép giai cac loai hinh todn khac nhau, dac biét
hiru dung cho cac hé phuong trinh tuyén tinh
hay cac bai toan ma tran duoc gip nhiéu trong
phuong phap PTHH [2].

2. TRINH TU TiNH NOQI LUC, CHUYEN
VI CUA HE THANH SIEU TINH BANG
PHUONG PHAP PTHH UNG DUNG
PHAN MEM MATLAB

2.1. Phwong phap PTHH tinh néi luc, chuyén
vi cia hé thanh siéu tinh

Trong phuong phap PTHH - md6 hinh
chuyén vi, thanh phan chuyén vi dugc xem la
dai luong can tim. Chuyén vi dugc lay xdp xi
trong dang mot ham don gian goi 1a ham xép
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xi (hay con goi 1a ham chuyén vi). Ap dung
phuong phap PTHH - mé hinh chuyén vi dé
phan tich ndi luc, chuyén vi duge trién khai
theo cac budc sau [1]:

= Ro1 rac hoa mién khao sat V thanh cdc mién
con Ve (v6i hé thanh 14 cac phan tir thanh). Pat
ky hiéu cho cac ph'?ln tir, cac nut va cac bac tu
do twong g véi sé chuyén vi tai cac nat.

= Thiét 1ap phuong trinh can bang ctia toan hé
két cau:

[K].{U} = {F} [1]

Trong do:

- {U} — Vécto chuyén vi niit ctia toan hé
két cau trong h¢ toa do chung;

- [K] — Ma tran dg cliing cua toan hé két
ciu trong h¢ toa do chung;

- {F} — Vécto tai trong nut cua toan h¢
két cAu trong hé toa do chung.

Dé giai dugc hé phuong trinh [1], dinh
thirc ctia ma tran [K] can phai khac 0 (det [K]
khac 0), tirc 1a phwong trinh khong suy bién.
Vi bai toan két ciu, diéu nay chi dat duoc khi
diéu kién bién duoc théa man (két cau phai
bat bién hinh). D6 1a diéu kién cho trudc mot
s6 chuyén vi nit nao d6 bang 0 hay bang mot
gia tri xac dinh, ngoai ra phai théa man diéu
kién lién tuc tai cac nat cta hé két cau. Sau khi
dua vao céc diéu kién bién, diéu kién lién tuc,
phuong trinh can bang méi duoc biéu dién nhu
sau:

[k]{u} = {f} 2]

Trong do:
- {u} — DBugc xay dung tr {U} sau khi
loai bo cac thanh phan chuyén vi bang 0;

- [k] — Pugc xay dung tir [K] sau khi ¥
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loai bo cac hang va cdt twong ung voi thanh
phan chuyén vi bang 0;

- {f} — PBuogc xay dung tur {F} sau khi
loai bd cac hang twong Ung véi thanh phan
chuyén vi bang 0.

= Giai hé phuong trinh can bang: {u} = [k]'{f}

= Xac dinh noi lyc: Tur két qua thu duoc, két
hop véi cac diéu kién bién x4c dinh dugc vécto
chuyén vi nut cua tung phén tur trong hé toa do
riéng Tu do xac dinh duoc ndi luc, cling nhu
bién dang, ing suét cta diém bat ky trong phan
tor nho cac quan hé di c6 trong Co hoc két cau
va Ly thuyét dan hoi.

2.2. Trinh tu gidi bai toan h¢ thanh siéu tinh
bang phwong phap PTHH

Bai toan phan tich hé thanh siéu tinh
bang phuong phap PTHH duoc tac gia viét
chuong trinh tinh toan ung dung phan mém
MATLAB theo so d6 khéi sau [2].

Nhip théng s6 dau vao: chiéu dai, kich thude, tiét

dién, vit liéu

!

Réirac hoa két ciu, thir tir cde phén td, cic

nit, cac bic ty do

|
! !

Thiét lap [K] ciahé két cau Thiét 1ap [F] ctia hé két céu

Xir 1y diéu kién bién Xir ly diéu kién bién

I |
!

l Thiét 1ap va giai phuong trinh cin bing cia toan hé ]

Hinh 1. So' do khéi chirong trinh

2.3. Xay dung cac ham trong MATLAB tinh
chuyén vi va ndi luc hé thanh phang

2.3.1. Phdn tir thanh trong hé thanh phing va
ham ma tran dj cirng

Xét phan tir thanh trong khung i-j trong
bai toan phang, c6 d6 ctimg EA, EI, chiéu dai L.
Tai mdi nut s& c6 3 bac tu do: chuyén vi theo
phuong doc truc, chuyén vi theo phuong vudng
gdc truc va chuyén vi xoay. Hé toa do riéng cua
phan tir 1a xy. Hé toa do chung cua két cau la
XY c¢o6 phuong 1ap voi hé toa do riéng mot goc
0 [1] (Hinh 2).

Hinh 2. Phan tir thanh trong hé khung phang

Ma trdn do cling cua phﬁn tr thanh
phang [1].

Voi: C = cosO, S =sind

ac 2 (AfEJCS S {Acuﬂszj [A ﬂ]cs S
I3 I3 L I3 I3

Acu%'s 6’s —(A 12’]cs (As2 ]Lﬂcl) o

E 41 QS —gC 21
b L L [3]
el (e 9
L L L
PR
2
| Symmetry a4l |

Chuong trinh con xay dung dd cung
cho phan tir khung phang:
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2.3.2. Cac ham MATLAB trong bai todn tinh
chuyén vi va lie tai niit h¢ thanh phang

LocalStiffMatrixforFrameElement(E,],
A theta,L): Ham chuong trinh con d€ xay dung
do cting cho mdi phan tir [3], [4].

k1 = LocalStiffMatrixforFrameElement
(E,I1,A thetal,L): Tao ma tran do ciing phﬁn tur
thanh so 1 [3], [4].

K = zeros(12;12);
K{l,1:6) = kl{(l,1:86);
K{(2,2:8) = kl(2,2:86);
K(3,3:6) = kl(3,32:86);
K(d,4:6) = kl(4d4,4:86);
K(5,5:86) = kl1(5,5:86);
K(6,6:6) = kl(6,6:6);
K = symmetrify (K) ;

Tao ma trin tong két ciu K(12x12)
la mdt ma tran vudng 0, ghép ma tran k1 vao
trong ma tran K.

k2 = LocalStiffMatrixforFrameElement
(E,12,A theta2,L): Tao ma tran do cliing phﬁn tor
thanh sd 2.

k3 = LocalStiffMatrixforFrameElement
(E,I3,A theta3,L): Tao ma tran do cliing phﬁn tor
thanh so 3.

Ghép lan luot ma tran k2 va k3 vao ma
tran tong K.

disp= [ul;vI;phil;u2;v2;phi2;u3;v3;ph
13;u4;v4;phi4]: Tao ma tran cdt chuyén vi nit
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cho két cau.

ul=0; v1=0; phi1=0; u4=0; v4=0; phi4=0; Khai
bao diéu kién bién tai niit 6 1 va s6 4.

FM = [FIx;Fly;M1;F2x;F2y;M2;F3x;F3y;M3;
F4x;F4y;M4]: Tao ma tran cot lyc nat.
F2x=40000; %N F2y=0; M2=0;F3x=0; F3y=0;
M3=500; %N-m : Khai bao lyc nut tai niit s6 2
va 56 3.

for i = 1:length(FM)

egqn(i,l) = FM(i) == RHS(i):
end
place unknowns i r (displacements and forces and moments
unknowns = [u2,v2,phi3,u3,v3,phi3,F1x,Fly,Ml,F4x, F4y,M4];
solution = solve(egn, unknowns);

solution = vpa(structfun(@double, solution))

Thiét 1ap va giai hé phuong trinh can
bang cho hé.

3. Vi DU TINH TOAN

St dung chuong trinh viét trong
MATLAB tinh toan hé két cau trén Hinh 2 bang
phuong phéap PTHH.

Cho biét: E = 200Gpa, A, = A, = A,
= 6500mm’, I, = I, = 80.10° mm*, I, = 40.10

mm®*.
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Hinh 3. Hé thanh siéu tinh
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Hinh 4. Roi rac héa két cau

Roi rac hoa hé két cAu thanh 3 phﬁn tor
vO1 cac nut va bac tu do nhu trén Hinh 4. St
dung code MATLAB duoc tac gia viét v6i cac
ham MATLAB cua hé thanh, thu duoc két qua.

Két qua thu duoc: Chuyén vi tai nat 2
va 3, luc cat va mOomen tai nat 1 va 4.

solution =

Uz 0.004953053315%9098718426482932386534
v 0.0000341866700715021037200631870423
phiz -0.0014302461603782398030793032717156
usz 0.0049068204391975430225802545471969
v3 =0.0000341866700715021037200631870423
phiz  -0,0013930030096933083017668453251758

Fig -19965.753424657865252811461687088
Fy -14814.223697650912072276696562767
My 37576.609659004076092969626188278
Fyr -20034.246575342796859331425%0046€9
Fyy 14814.223697650912072276696562767
My 37480,719248045170388650149108979

Tur do, ta c6 thé xac dinh duoc biéu dd
luc cat (Q) va mémen uodn (M) cho hé thanh.

4. KET LUAN

Ung dung MATLAB trong phuong
phap PTHH cho phép ap dung véi cac hé két
c4u thanh siéu tinh bac cao ma khong gip tro
ngai vé mit toan hoc. Trén co s 1y thuyét
clia phuong phap PTHH cung v6i phan mém
MATLAB, tac gia da xay dung dugc chuong
trinh con va cac ham MATLAB cho bai toan hé
thanh siéu tinh, thiét 1ap trinh ty, cling nhu viét
chuong trinh dé giai mot vi du cu thé, cho két
qua tin cdy. Viéc ing dung cic phan mém toan
n6i chung va MATLAB noi riéng vao phuc vu
viéc hoc tap, giang day cho sinh vién, hoc vién
cao hoc nganh k¥ thuat, xay dung va cong trinh
1a rat can thiét va hitu ich.
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