KHOA HOC & CONG NGHE

Tinh 6n dinh hé thanh phang
theo phuong phap phan tirhiiu han trong Matlab

Finite element method for calculating the stability of beam system using matlab software

Tom tat

Phuong phap Phan ti hitu han (PTHH) la mét phuong phép sé
dugc ap dung ¢ hiéu qua dé gidi cac bai toan két cau trén may
tinh. Da s6 cac phan mém tinh toan két cau hién nay diéu duogc
xay dung trén co so phuong phap PTHH. Cac bai toan tinh toan
d6 bén va d6 ciing bang phwong phap PTHH da dwgc trinh bay
rat nhiéu va kha chi tiét, song bai toan tinh dd dn dinh cda hé
két cdu theo phuong phap PTHH con han ché. Tac gia da xay
dung thanh cong ma tran dé ciing clia cac phan ti chiu uén
cdng kéo (nén) va ma tran dd cing ctia ca hé két cau. Bang
cach lap trinh tinh toan trong Matlab, tac gia da giai quyét hai
bai toan tinh 6n dinh cda khung 1 tang mét nhip chiu mét tai
trong va nhiéu tai trong.Bai toan khung chiu mét tai trong

<6 két qua Py,=7.7856EI/L2 trang khép véi vi du 3.1 trong
gido trinh cho thay db tin ciy ctia phuong phap tinh. Bai toan
khung khung chiu nhiéu tai trong c6 két qua P,,=3.4438EI/L2
cho thdy kha nang tinh toan ciia phuong phap.

Tir khéa: 6n dinh, phuong phdp phan ti hitu han, hé thanh phdng,
Matlab

Abstract

Finite element method is a numerical method that is effectively
applied to the structural problem solution on computers. Most of
the current structural calculation software is built on the basis of
finite element method. Many calculating problems for structural

strength and stiffness have been presented in detail. However, there
is a limitation of calculating problems for the stability of structural
systems by finite element method. The author has successfully built
the stiffness matrix of the elements subjected to flexural plus tensile
(compression) and the stiffness matrix of the whole structural system.
By computational programming in Matlab, the author has solved two
stability problems of single-storey single-span frame bearing one
load and many loads. The one-load bearing frame problem has the
result Pth=7.7856EI/ L2 coincides with example 3.1 in the textbook
showing the reliability of the calculation method. The problem of the
frame bearing many loads with the result Pth=3.4438EI/L2 shows the
computational ability of the method.
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1. Téng quan

Phuwong phap Phan t& hivu han (PTHH) 13 mét phwong phap
sb dwoc ap dung cé hiéu qua dé giai cac bai toan két ciu trén may
tinh. Pa s cac phdn mé&m tinh toan két cAu hién nay déu dwoc xay
dwng trén co so phwong phap PTHH. Cac bai toan tinh toan do
bé&n va do cirng bdng phwong phap PTHH da dwoc trinh by rét
nhiéu va kha chi tiét, song bai toan tinh dd n dinh ctia hé két cAu
theo phwong phap PTHH con han ché. Cac phuwong trinh 6n dinh
1& cac phwong trinh siéu viét rat phirc tap khé c6 I&i gidi chinh xac
bang thi cdng. Trong nghién ctru nay nhém tac gia trinh bay ndi
dung phwong phap PTHH tinh &n dinh hé thanh phang va Iap trinh
tinh toan bang phan mém Matlab.
1.1. Noi dung phuong phép PTHH tinh én dinh hé thanh phang

Xét phan tt thanh lang try trong hé toa dé dia phwong nhw
hinh 1, Cac d6 cirng clia thanh la EA va El khong thay dbi, chiéu
dai thanh 1a L, chiu lwc nén P vé&i quy wéc chidéu dwong va tho tw
toa d6 nhw hinh 1a.

Goi: {5}i - La ma tran chuyén vi nat ctia phan t&r thiy i, day la ma
tran cot kich thwéc 6x1, biéu thi chuyén vi nat ctia phan tir the i.

{5},~:{”,‘ Vi @ U Vi (ﬂk}j:{é} 6, 6 6, 6 56}? (1)

{F}i - L& ma tran (ng lwc nat cta phan tr thr i, day la ma trén

cot kich thwérc 6x1, bidu thi (rng lwc nit ctia phan to the i.
T

(Fl,={R B F F F R} @)

Trong do:

34; Fy va 84; F4 — chuyén vi thdng va (rng lyc nit tvong Gng
thep phwong truc x tai nut dau trai va dau phai cta phan tt i theo
chiéu dwong cua truc x.

82; F va 8s; F5 — chuyén vi thdng va (rng lyc nit tvong g
theo phuwong tryc y tai nut dau trai va dau phai cta phan t i theo
chiéu dwong cua truc y.

83; F5 va 8g; Fg — chuyén vi xoay va trng luc nit twong (rng theo
phwong truc z tai nat dau trai va dau phai ctia phan t& i theo chiéu
dwong cla truc z dwoc bidu thj badng mi t&n kép.

T didu kién can béng va dong hoc ta co:

F =P F,=-P; e=—(8,-9);
M, +M M, +M 05— 0.
172:_ A4 B; F;= A B; 0A=53+5 2;
L L L
Fi=M,; Fg=M,; 93256+55_52;
L (3)
Cac méi lién hé (3) c6 thé viét dwdi dang ma tran nhw sau:
[1 0 0]
S o L 1 5,
2 L1 p L1 |10 010 ol
3, 0 1 0 1 1 )
= M4 o t=lo —— 1 0 — olx
s(71-1 0o o L L 5
M, 6, 1 1
% | L1 1 0 —— 0 0 — 1| |%
5, L L L L 5,
0 0 1| 4
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Phwong trinh (4) c6 méi lién hé vé&i nhau nhw sau:

PzETAe; M, =%(Su04 +Sij93); M, =%(Sﬁ‘9f1 +S./f‘98)

®)

Trong do: s;; sij; sj; va s;; 1a cac ham 6n dinh dugc tinh theo [8]

L L vsinv—1v*cosv L L v’ —vsinv
S =Sy T T ey T s S TS Ty Ty T
EI EI  2—cosv—vsinv EI EI  2—cosv—vsiny (6)
V&ic11,c22,c12=c21 la cac ham siéu viét
_ _EI| vsinv—v’cosv |  _EI| v'-vysinv
Ch=Cp=—"" - s Cp =6 =— - )
L|2-cosv—vsinvy L|2-cosyv—vsinvy )

Cong thire (5) 1a cac lien hé: luc doc truc P véi chuyén vi doc truc e clia cAu kién; Md men dau
thanh v&i chuyén vi xoay dau thanh. Bat phwong trinh (5) & dang ma tran, ta cé:

P £l A/ 0 0 |fe
My=—| 0 s, ;70,5
M, 0 s, 5,16

(8)
Thay thé phuong trinh (8) thanh phwong trinh (4), va sau d6 thay thé vao phuong trinh két qua,
chiing ta c6 lién hé cac lwc tac dung tai d&u phan ttr véi cac chuyén vi tai dau phan tr 1a:

AlT 0 0 —-All 0 0
S+ (Sii + Sij) S;; 85 S+
A 0.5° L 0.57 L 4
F 0 S 85 0 S;; T8 5
F, B ﬂ - I Sii I S 3, .
F, L|-4/1 0 0 A/l 0 AR
F; CSa TSy Sty 0 Si + 5 S + S J
Fl, 0.5 L 0.5 L S
S+, S, + 8.
0 _ i l_] S‘ 0 1 l_] Sll
L ! L 0 (9)
Ta c6 thé viét gon phuong trinh (9) nhu sau:
{F}y = [K]u {5}; (9%)

Trong d6 chi s6 con 0 duoc st dung & day chi ra rang ta moi ké dén chuyén vi xoay & dau
thanh. Néu k& dén chuyén vi thdng & hai diu thanh, twong (rng mét lwc cat bd sung bang PA/L véi
A cho trwéc hinh 2:

A=6,-35, (10)

P _ |4 X

—

NG B P
B e

L A
L
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Chung ta c6 thé lien hé lwc cét bd sung nay cho ma tran dé clrng nhw sau:

Fl b o o0 o ofs
E|l o —p/2 0 0 P/L 0|5
Fl b o o0 o os]
E[Tb o o0 o ols[
F| o P/L 00 -P/L 0|5,
FEl o o o0 o ols

(11)

Ta c6 thé viét gon phuong trinh (11) nhw sau:

Bang cach két hop phwong trinh (9%) va phwong trinh (12), ta thu dwoc méi quan hé lwc chuyén vi
dau thanh la:

Trong do:

{F}:{F}0+{F}A; |K|:|K|H+|K|A'(14)
V6i [K] 1a ma tran d6 cirng PT thanh hai d4u ngam chiu ubn c6 ké dén anh hwong cia lwc nén hodc
kéo.

Al 0 0 A/l 0 0
2s.. +2s.j - = =5 2s. —2s. +V:  —s. —s.
i i ii i 0 ii ij ii ij
r L r L
0 =S TS s 0 S 85
[K] _ﬂ i L ij
L|-4/1 0 0 All 0 0
S + 85 Sy + 85 25 +2s. =V s+,
_ n 1 _ un 1 O n ‘_] n IJ
0.5° L I L
-, — 5, S, +S;
0 -~ 5; 0 . s,

Béang cach dat cac ham @, (i=1, 2, 3 va 4) [8]. Thay thé cac biéu thirc cho cac ham 6n dinh (s;;, s;) trong
phwong trinh (15) va don gian hoa, ta thu dwoc:

AT 0 0 -4/l 0 0
0 lL—chl —%cpz 0 —lL—fq)l —%cpz

K 0 —%qnz 4D, 0 %d:)2 20,
T L4/ 0 0 A/l 0 0o |
0 —%@1 6q)2 0 IL_%(DI gCD2

0 —%qaz 20, 0 %@2 40,

(16)
1.2. Céc ma tran dé cung cta phén ti chiu ubn cung nén (kéo)

Phan t& hai dau ngam

Cac ham @, (i=1, 2, 3 va 4) duoc khai trién dwdi dang chubi Taylor. Néu chi Iy dén sb hang thi 2 trong
khai trién Taylor, ma tran do cirng (15) dwoc viét lai nhw sau:

[K]=[K], +[K],: (17)

Trong d6: [K]B Ia ma tran d6 clrng dan hdi tuyén tinh nhu ma tran do clng phan t& khi tinh toan do
bén, [K]P 1a ma tran d6 cirng c6 xét dén anh hwéng cua lwc doc truc thanh P t&i d6 cirng chéng uén cla
phan to:
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Al 0 0
0o 2 6
L L
6
0 = 4
(Kl =7 '
WL |4/ 0 0
0o 28
r L
0 -8 2
L

0 0 0
L
I L

6

- 2_50
o ol "z
E
L

6

S5 4

. 0

| —_
o o O|h wla ©

L
10

Phan t& d4u ngam - diu khép va phan tir dau khép - dau ngam
Thuwc hién twong tw cho phan tir dau ngam - dau khép ta co:

[ 4/L 0 0 —A/L 0 ] 0
3 3 3
0 7 I 0 7 0
El 3 3 P
K[ =—| 0 = 3 0 -— |F—
-A/L 0 0 AlL 0 0
o 32 o 2| o
i J rl L
Thuwc hién twong tw cho phan tir dau khép - ddu ngam ta co:
[ 4/L 0 —-4/L 0 o] [o
o 2 o -2 3 0
L L L
% _EIN-4A/L 0 Al L 0 0 [_P|O
[ ]KN_T 3 3 3 +z
0 - 0 = = 0
L L L
0 3 0 3 3 0
L L J

2. Nghién ctru lap trinh tinh toan trong Matlab
2.1. Tém tét gidi bai toén hé thanh theo phuwong phép PTHH
Xay dwng phwong trinh 8n dinh cho hé két cAu khung chiu lwc nhw hinh 3a bdng phwong phap PTHH.

0O 0 0 0
L 4 .0 L
10 5 10
2L, L
15 10 30
0O 0 0 0
Ly, & _L
10 5 10
Lo, L2
30 10 15 (18)
0 0 0 0]
6 L , _6
5 5 5
2
Loro, L]
5 5 5
0 0O 0 O
Y P
5 5 5 ] (19)
0O 0 O 0 1
6 0 8 L
5 5 5
0O 0 O 0
6, & L
5 5 5
2
L, _L
5 5 5|

(20)

B

B bR
EA, T \O:TW))
El

E4l L

EL 4(0,0,0)

D77
Ls
T
S —

Budc 1. Roi rac hé két cau.

Buéc 2. Lap bang ma co xi ly diéu kién bién.
Buwéc 3. Vecto chuyén vi nut cla toan bo két cau {5*}.

D(3,4,5)

C(0,0,0)

N
\
N
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Ma cuc bd
T PHAN TU o | 2 | 3 | 4 | 5 | s
Ma tong thé
1 |AC ! O 0° 0 1
CD { 0° 0 3 4 5
BD O— — -90° 3 4

T
{5*} = {uc Ve Up Vp @D}
T
= {51 52 53 54 55 } (21 )

Buac 4. Thiét 1ap ma tran dé clrng cuda toan hé.

V&i cach chon hé toa dé chung nhw hinh vé ta qé: PT1
va PT2 co tru‘c X song song V@i truc x’, nén khéng can phai
xoay truc. Phan t 2 cé truc x vudng géc véi truc x’ nén phai
xoay truc, hon nira thanh nay khéng chiu nén nén viéc xoay
truc cling don gian.

e Thiét Iap ma tran d6 clrng cla tirng phan ti trong hé toa
do dia phwong.

Phan tir s6 1: Dau ngam — diu khép, Chiu lwc nén Py;
D6 crng Ely; EA,; Chiéu dai Ly. Théng sb 6n dinh vy = v, ap
dung cong thirc (19) ta c6 ma tran d6 cling clia phan tr 1.

Phan t& s6 2: hai dau ngam, Chiu lyc nén Py; B9 cling
Ely; EA; Chidu dai L,. Théng sé én dinh v, #v. ap dung cong
thire (18) ta c6 ma tran d6 clrng cda phan tir 2.

Phan t&r s6 3: Dau khop — dau ngam, khéng chiu lwc
nén; D6 clrng Elz; EAs; Chiéu dai Ls. Dung ma tran d6 bén
ta c6 Ka.

e Thiét |ap ma tran d6 cirng clia ca hé két ciu trong hé toa
do chung.

Ghép ndi cac ma tran theo chi sé hodc theo ma tran dinh

vi ta c6 ma tran dd cirng cta hé két ciu c6 xét dén anh
hwéng cla lwc doc truc thanh.
Buwéc 5. Gidi phwong trinh 6n dinh, tim lwc téi han.
ITrong phLyo’ng trinh &n dinh cé dai lwgng P. Cach giai tbt
nhét 13 déi bién:

EI
P = ﬂ/—z
L (22)
Thay vao giadi phwong trinh ta dwoc A tir d6 ta c6 Pth
El
By=A—,
L (23)

2.2. So' dé khéi (nhw hinh 4)
2.3. Thuat toan
o Sb liéu dau vao:
Bac trung dong Iuc hoc hé két: Sé'nut; Sé phén‘tl’f; Chiéu
dai phan ttr; Bo clrng phan tr; Lién két hai dau phan ti...
Sé thanh chiu nén, thong sé 6n dinh tirng thanh.
e Sbliéu dau ra:
Thoéng sb 6n dinh, Lwc t&i han.
Bwéc 1: Chuan bi s6 liéu cla bai toan:
Khai bao théng sb 6n dinh (Bién sb cla bai toan)
Khai bao cac hang sb cuia bai toan ( sb liéu da cho)

- [t "

| Tinh todn chidi dii phan bl Li v chc oosin chi phuomng o 5i

[ Thidt lip ma irén &4 cirng cila timg phdn b rong hé toa J ridng va trong toa A

chung et phin 10

¥

[ Thi ldp ma triln 38 edmg cda o i treng b toa 46 chung

'

Theay thé P bling 2 ELLY

*

Tt 1 phronig rin &ndnh va geii phuromg trinh On Jinh, xac @nh Pth

. t

__ il i kode quil Pth

Hinh 4. Sc d6 khai lap trinh tinh toan
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Buoc 2: Thiét |&p ma tran d6 cing
clia ca hé két cau.

Thiét 1ap ma tran d6 cing phan to
trong hé toa do riéng va hé toa dé chung.

Qhép ndi cac ma tran dd cirng clia ca
hé két cau.

Buéc 3: Thiét lap phuong trinh én

:

L

L

EI = const
EA =3.EI

A 7

a) P
\

dinh.

Buéc 4: Giai phwong trinh 4n dinh.
2.4. Chuong trinh

syms P x El; L=6; EA=108*EI/L"2;

)
KB1=[EA/EI 0 0 -EA/EI 0;0 3/LA2 3/L T
0 -3/L"2;0 3/L 3 0 -3/L;-EA/EI 0 0 EA/EI s
0;0 3/LA2 -3/L 0 3/LA2;

KP1=(x/L*2)*[0 0 0 0 0:0 6/5 L/5 0
6/5;0 L/5 LA2/5 0 -L/5;0 0 0 0 0;0 -6/5 7
-L/5 0 6/5]; |

EI = const
EA =3.EI

KB2=[EA/EI 0 -EA/EI 0 0;0 3/L*2 0
-3/L"2 3/L; -EAJEI O EA/EI 0 0; 0 3/L*2 0
3/L"2 -3/L; 0 3/L 0 -3/L 3];

KB3=[EA/EI 0 0 -EA/EI 0 0;0 12/L"2
6/L0-12/L"26/L;0 6/L 4 0-6/L 2; -EA/EI 0 0 EA/EI00; 0
-12/L"2 -6/L 0 12/L"2 -6/L;0 6/L 2 0 -6/L 4]; KP3=(1.44"x/
LA2)*[0 0 0 0 0 0;0 6/5 L/10 0 -6/5 L/10;0 L/10 2*L*2/15 0
-L/10 -L*2/30;0 00 0 0 0;0 -6/5 -L/10 0 6/5 -L/10;0 L/10
-L"*2/30 0 L/10 L*2/30];

T2=[0-1000;10000,000-10;00100;0000
1], H1=[00000;00000;00000;10000;0100
0]; H3=[00100;00010,00001;,00000;0000
0;00000]; K11=(H1.)*KB1*H1; K12=(H1.")*KP1*H1;
K21=(T2.")*KB2*T2; K31=(H3.")*KB3*H3;
K32=(H3.")*KP3*H3; KB=K11+K21+K31;
KP=K12+K32;KK=KP-KB; y=det(KK)

3. Vi du tinh toan

3.1. Bai toan 1. Xac dinh luc t6i han téc dung 1én hé két céu
cho nhw hinh 5a

R&i rac hé két cdu va danh sé PT nhu hinh 5b. Ap dung
chwong trinh tinh. Bat P=A.EI/L;

Thay vao va rat gon ta dwg'c phwong trinh én dinh

(8957*A)/1296 - 139429/2592=0;

— A= 7.785599356395816
EI
7

—->P =1

t

= 7.785599E—ZI.
L

3.2. Bai toan 2. X4c dinh luc téi han tac dung lén hé két cau
cho nhw hinh 6a

R&i rac hé két cdu va danh sé6 PT nhu hinh 5b. Ap dung
chwong trinh tinh.

Thay vao va rat gon ta dwoc phwong trinh 6n dinh

(137A.3)/50000 - (294451)1.2)/540000 + (707353))/40500
- 139429/2592=0

Giai phwong trinh trén ta cé nghiém nhé nhét

A=3.443750619

p=2EL_

th Lz

3.443750 2L,
L

4. Két luan va khuyén nghi

Nhém tac ‘gié da xay duwng thgnh cbng cac ma tran dé
cirng cta phan t& thanh chiu udn cing nén (keo) trong
trwdng hop tong quat va cac trwdng hop riéng.

Nhom tac gia da xay dwng thuat toan, so dé khéi va lap
trinh tinh toan bai toan 6n dinh cla hé thanh phdng theo
phwong phap PTHH trong matlab.

Van dung chuong trinh ciia nhom tac gia tinh toan bai
toan 1 (Pth=7.785599EI/L2) va so sanh v&i két qua trinh bay
trong giao trinh (vi du 3.1 [3] trang 98 Pth=7.78 EI/L2)) cho
thay dg tin cay clia phuwong phap ma nhém rtacs gia dé xuat.

Trong bdo bao con trinh bay thém két qué\tl’nh toan bai
toan 2 c6 d6 phirc tap hon bai toan 1 (vi cé nhieu thanh chiu
nén véi cac thong sé &n dinh v khac nhau) ciing cho két qua
tin cay cao.

V&i két qua nghién clru trén, nhém tac gia khuyén nghi
dwa nghién clru nay vao bai gidng cho hé dao tao trinh dé
Pai hoc va Sau Dai hoc cling nhuw cac nghién ctru khoa hoc
khac../
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