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Trurdmg Dai hoc Béch khoa — BHQG-HCM
9.1. Ma tran d¢ cing QY

Xét thanh dong chat ling tru sau:

H¢ toa do cuc by He toa do toan cuc
Xy X Y
!/ !/
Ui, Vg u;, v;

1 dof tai 1 nut 2 dofs tai 1 nuat




9.1. Ma tran do cung

Trong bai toan 2 chiéu:

u.
u; = u;cosl +v;sind =1 m] {vl}
l
u.
v;= —u;sinf + v;cosf = [-m ] {vl}
l
voi [ =cosf8, m = sinf

=1 TG

l

O dang ma tran:

Hodc u; = Tu;

trong d6, ma tran chuyén doi: T = le Tﬂ 1a truc glao
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Trudmg Dai hoc Bich Khoa - PHQG-HCM
9.1. Ma tran do cung

Ta cO ma tran vi tri 2 nut cua phﬁn tir thanh:

(uf\ 'l om0 0 ] (W)
Vil _|-m 1 0 0 Vi
< u]f = 0 0 l m < U; >
vl 0 0 —m 1\Y)
Hoac u =Tu [

Cac luc nut duoc chuyén doi theo cach tuong tu:
f' =Tf



9.1. Ma tran do cung
Ma tran do cing trong khong gian 2D

Trong h¢ toa d6 cuc bo:
EA [ 1 —1] w| _ [fi
L1-1 11y fi

Thém vao cac phuong trinh chuyén vi ngang, ta co:

10 -1 0 (”f\ (i
Edlo o o of)mul_Jo{
L[-1 0 1 0|y f!

0 0 0 ol{y) Yo/



Trurdmg Dai hoc Béch khoa — BHQG-HCM
9.1. Ma tran d¢ cing QY

Dung cac phép bién ddi cho phuong trinh trén, ta thu dugc:

K'Tu = Tf

Nhan 2 vé cho TT valuu y 1A TTT = 1, ta co:
T'Kk'Tu = f

Do do, ma tran do cung phﬁn tur k trong hé toa do toan cuc la:
k=T'k'T

14 mdt ma tran doi ximg 4x4



Trudmg Dai hoc Bich Khoa - PHQG-HCM
9.1. Ma tran do cung

Dang tuong minh: u; v oy
12 Im —12 —Im
| — EAl im m? —lm -m?
L|-l? —-lm [? Im
—im -m? Im m?
Trong do:
Xj — Xj . Y, - Y
[ = cosO = T m = sinf = T

Ma tran do cling ciia toan bo cau tric duge lap ghép tir cac
ma tran cirng phan tur theo cach thong thuong nhu trong truong
hop 1D
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Tt Dai hoc Bich khoa — DHQG-HCM
9.2. Tai niit twong dwong o

Tuong tu ¢ chuong 6, vecto tai nat trong duong dugc xac dinh
b1 bi€u thure:

v = [[[Fter@ar - [[[rrmar - [[[ i

Hoac:

(}o = f INTT {g}odV + f INT {p}odsS + [NIL. P + [N']E. M

vOl:
[N] 14 ma tran cac ham ndi suy, {g}, 1a luc thé tich phan tu,
{p}. 1a luc bé mat, P 1a lyc tap trung, M 1la momen tap trung.
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Trudmg Dai hoc Bich Khoa ~ DHQG-HCM
9.3. Ung suat phan tir

Ung suat phan tir trong khong gian 2D:

e m 0 01) v
o = Eg = EB{u} [ “o e RV

Do do:

(U
(%

\Yj
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Trudmg Dai hoc Bich Khoa ~ DHQG-HCM
9.4. Vidu N

Vi du 1: Mot gian khung don gian lap ghép tir hai thanh giong

nhau (v61 E, A va L), va chiu tai nhu hinh. Tim:
1. Chuyén v1 tal nut 2,

2. Ung suat trong mdi thanh
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Trudmg Dai hoc Bich Khoa ~ DHQG-HCM
9.4. Vidu N

Cau truc don gian nay 1a minh hoa cta quaé trinh lap ghép va

giai nghiém cta phan tir thanh trong khong gian 2-D

Trong h¢ toa dd cuc bo , ta co:
" _EAll —1 _
Y pl-1 1 7

Do nam & khéac hé truc nén hai ma tran nay khong thé lép

ghép vo1 nhau. Ta can chuyén ching vé hé toa d6 toan cuc OXY.
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9.4. Vi du
Phan tir 1:
V2
6 = 45°, [=m=—
2
Phan tir 2:
V2 V2
6 = 135°, | = ——, ="
2 m=
Dung cong thirc ta thu dugc ma tran do ciing trong hé truc toan cuc
1 1 -1 -1]
EAl 1. 1 -1 —1
_ Tq,1 _
fo=Tikahi=5r 1 21 1 1
-1 -1 1 1 |
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9.4. Vidu

T 7.1 E
k, =T, k',T, =

2L

1
-1
-1

1

-1 -1
1 1
1 1

-1 -1

-

-1

—1
L

Lap ghép thanh phuong trinh PTHH cho toan két cau:

EA
2L

!

1
-1
-1

1
1
-1
-1

0 O

L0 0

-1
-1
2
0
-1
1

-1
-1
0

2
1

-1

0

0

-1
1
1

-1

0 7 Uy
0 U1
1 : U
—1]1|V2
—11 U3
1 4 \Ugj
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Trudmg Dai hoc Bich Khoa ~ DHQG-HCM
9.4. Vidu

Tai trong va diéu kién bién (BC):

U, =v, =uz =v3 =0, Fox = Py, Foy =P,

Phuong trinh PTHH viét dudi dang c6 dong:

EAT2 0
ﬁ[o 2 {:ﬁi}:{ﬁl}

Giai, ta thu dugc chuyén vi tai nat 2:

)= tn)
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Trudmg Dai hoc Bich Khoa ~ DHQG-HCM
9.4. Vidu

Ta tinh dugc Ung suat trong hai thanh:

(0
E~?2 Lo V2
P> J
E~2 2 2
=——1 -1 - — {20 =—— (P, - P
.




Trudmg Dai hoc Bich Khoa ~ DHQG-HCM
9.4. Vi du

Vidu 2:

Cho hé thanh nhu hinh bén,

P =1000 kN,L = 1m,

E =210 GPa,
A=6.0x10"*m?phantr 1 va 2,
A = 6V2 x 10~* m? phan t 3.
Xac dinh cac chuyén vi va

cac phan luc.
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94. Vidu
Phan tir 1:
9:900, l:O, m=1
( o W00 00
210X 109(6.0%x 10| g 1 0 -1
ky = 1 o o o ol|WN/m
0 -1 0 1
Phan tir 2:
6:00, l:1, m=20
( o p[L 0 10
210x 109(6.0% 10| 0 0 0 o
ky = 1 1 0 1 o|WN/m)
0 00 0
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rutmg s ho Bich Khoa - DHQG-HOM ’
9.4. Vi du N

Ta c6 mot con lin tai nat 3 can luu v dic biét trong nghiém
PTHH. Trudc tién thuc hién lap ghép phuong trinh PTTH cho hé
thanh.

Phan ti 3:

0.5 05 —-0.5 -0.5]
_ (210x10°)(6v2x107*)| 05 05 —05 —05

ks NG ~05 —-05 05 05
—05 —05 05 05
(N/m)
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Trudmg Dai hoc Bich Khoa ~ DHQG-HCM
9.4. Vidu

Phuong trinh PTHH cho toan két cau:

05 05 0 0 —05 —05|(w) [F,

15 0 -1 —05 —05||v,| |FE,

1260 % 10° O | L G L
1 0 0 ||v, F,

15 05 ||u| |FE,

Sym. 05 [|vy] [ Fy |
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Trsong Dai hoc Bich Khoa ~ BHQGHCM
9.4. Vi du 2

Tai trong va diéu kién bién (BC):

U1=U1=v2=0, véU,3=0, F2X=P,F3x,=0.

Tu quan h¢ bi€n doi1 va di€u kién bién, ta co:

V'3 = —_( uz +v3) =0,

-7 36
Do do:
U3 — V3 =0

Pay 1a mot rang budc da diém (multipoint constraint —- MPC)
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Trudmg Dai hoc Bich Khoa ~ DHQG-HCM
9.4. Vidu

Tuong tu ta c6 quan he cho luc tai nat 3:

F3x) = l\/_ \/_] I;Z); \/_(st + F3y) =0,

Suy ra: F3x + F3y =0

Ap dung tai trong va diéu kién bién vao phuong trinh PTHH cho
toan k&t cau bang cach xo6a hang va cot thir 1, 2 va 4, ta duoc:

1 —1 0171(4 p
1260 x 10° l—1 1.5 0.5] {u3}={F3x}

0 05 0.5 F3y
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Trumg 0ai hoe Bich Khoa - DHOGHCM | ’
9.4. Vi du -

Ngoai ra, tr MPC va quan h¢ luc tai nut 3, phuong trinh PTHH
tro thanh:

1 =1 017(uz P
1260 x 10° [—1 1.5 0.5] {u3}={st}

0 0.5 0.5]\us —F3x
1 -1] ., P
1260 x 105 |-1 2 {u§}= Fay
0 1 —F3x

Tu phuong trinh thir 3, ta c6:F3x = —1260 X 10°u,
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Trudmg Dai hoc Bich Khoa ~ DHQG-HCM
9.4. Vi du

Thay vao phuong trinh tht 2 va sap xép lai:

1260 x 105 1 {2 = {0}

Giai, ta thu duoc chuyén V1.

1
{Zi} ~ 2520 x 105 {31iD } - {0%0013199618} (m)




9.4. Vi du

3 v = 1260 x 10°

—0.5

—0.5
0

1.5
0.5

—0.5
—0.5
0

0.5

0.5 -

(—500)

—500
0.0

—500

. 500 J

'
&2

Tir phuong trinh PTHH toan cuc, ta c6 thé tinh duoc cac phan luc:

> (kN)
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Any
Questions?




