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VE VIEC GIAI PHUONG TRINH CHUYEN DONG
VA TINH LUC TRONG CO CAU |

PO SANH, PHAN BUI KHOI

1. MO PAU

Pé x4c dinh chuyén ddng va tinh lyc trong co ciu, ngudi ta thudng si dung phuong trinh
Lagrange TI, phwong trinh Lagrange v&1 cdc nhin td, nguyén Iy d’Alembert; nguygn 1y d’Alembert
Lagrange (1, 2, 3], ... Trong [5] d3 st dung nguyén Iy phit hep va phép bidn d4i bién A€ xay dung
phwong trinh chuyén déng va phwong trinh xdc dinh phan lyc lign két.

Trong bai bio ndy két hop st dung phwong phip trong [4, 5] dé thanh 1ip phwong trinh va
timg dung phwong phip s8 gidi cdc phurong trink nay.

2. DAT BAI TOAN

Khio sit cor cfu vdi k toa dd suy réng dd {g1,..., ¢x): r toa 45 phu (cb du) aé xdc dinh phéin
lwe lién két theo phwong twong wng {fy,...,6,} vad s toa dd ¢d dw {vy,..., 7). K¥ hidu:

§=lq - a]; F=06...6.7, F=lvn...nl; A=[7 &% F=[fe...f)".

ta ¢é cic phwong trinh lién két:
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3. THANH LAP PHUONG TRINH

Gid it tir (2.2) ta rit ra duwge: 5 = (g, 5) Bidu thtre déng ning cda hé khi dé ¢6 dang:
1 Sp .
T=§ﬂ AB.. (3.1)
Nhw trong [4] dang t8ng quit cda phwong trinh chuyén dong dwoc vidt:
Af=G+¥+R (3.2)
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& dsy A= A(g,8), véi céc phrong trinh lidn ket (2.1).

E:[ql gk 51 ] [Q é]T é = [qu - qu Qw I QrB}T = [Qq de];

Q{q: Q_]'() - ].‘:I'C Suyl‘éng_

== [qu .- qu Rig .. RrO]T : [Eq R’B}T; 'J; = hbl",! .- 'd)kq 'le!) P ¢r0]T = [1;.’ '!,EB]T.

Khi lign két dwge thwe hién, (2. 1) dwge thda min vi theo nguyén I phit hop ta 6 B, = — o,
Pig, Py6 dwge tinh:

k .
Yigs = 2 (Lmi)iedm (3.3)
Eanm=1
v&i 5 5
Ly 1 2779 G ami _ Gém ]
_(f_,ﬂ-’i,’ﬁ) - 2 (6'6,"‘ + aﬁg 3[61 ) . (3-4)

13 ky hidu Christoffel loai 3 chi 58 cia ma trin quén tinh A. Phwong trinh (3.2) dwoce vi€t lai nhe

T4, 4] [7] Q} M [R]
[-fi;; éoe] [5] [QH o Re| . (3:5)
(vAﬂq)kxk’.‘ (Aﬂﬂ)rxr

Tir (3.5) chiing “a ¢é phwong trinh chuyén dng v3 phrong trinh xic dinh phan lwe lién k&t
trong dang téch r&i nhau [5:

=¢, +¢q, ' (3.6)
R = Ay, [A

w0 Qo+ ¥0)] .~ Qo — s (3.7)
Trong khi gidi hé (3.6), (3.7) ta chi y (2.1). Kh6 khin khi gidi hé (3.6), (3.7) 12 tinh A, c6 khi

khéng tinh dwoc bigu théc cla cic phan tib clda A, do d6 cung khong tinh dwoc 1,b Ta vidt bidu
thirc dong ning dwdi dang:

X.

!:m

T = )Z‘

NIP—-‘

G d6 X 14 véc¢ to cdc thinh phin van tdc trong chuyen d6ng tinh tién cda khéi tdm vi chuyen
déng quay quanh khéi tim cda cdc khiu ciia co ciu. A - ma trin hing.
Thye hiée phép dai bién

= gﬁ {(3.8)

=a(30,9), khidé: E aT Aaf.

Nll-—l

Ta c6 hé khio s4t v&i bidu thire dong ning dang (3.1), trong d6:
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A=a" Ag. A (3.9)
d .

JA L daT oy daT . aa 8;71- Ao
m“(z 6'71' ‘aﬁm,%‘aﬁm . )

=1 i=1

(3:10)

Nhw viy viéc tinh & qua A dwoc chuyén qua tinh v& phii (3.10) va nhe (3.3), (3.4) tinh dwoc b

4. VIDU

Co ciu hinh 1 {3], khin 4 13 gid
¢& dinh, khau 1 13 khiu din ndi véi
gid ¢d dinh bing 1o xo (1 bic tw do),
khau 2 dan hai (1 bic tir do), khiu
3 ndi véi gid ¢B dinh.

a. Céc toa d suy rong dwoc
khdo sat la : -

91, 92, g3 - cdc toa dd suy rong
d4; 6, ~toa 45 phu A€ x4c dinh phin -
we lidn k&t theo phwong nim ngang
tai khép (4, 1); cdc toa d6 cb dur vy,
72, Céc phwong trinh lién két cé
dang:

Hinh 1

6, =0 (f:=0, 6;=0) . (4.1)

fi =081+ £ cosq + {€a + gz} cosy; — fg cosya — £y,
fa=gqg3+ € sing, + (Zg + qg)siny; — €3 sinyy.

Péng ning cda hd dwge tinh theo A vi X véi

. s e s T
XZ[‘PL‘PZ‘P:&X}Xzyly?} va

[
o

P
!
3

Joi Q9.
J = Jos ; mz[ml 0};

Jz = Jos + ma (€23 + e );

my, Joi - khéi lwong vi mé men quan tinh ddi véi khéi tim cda khdu thir i
Dé giki hé (3.6), (3.7) ta tinh A theo (3.9) nher phép bién d5i (3.8) véi :
= .. g T -
A= {1 ¢ ga 61]

Ta ¢b :
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P1=q1; Pz=T1  P3 = V5
@y =01+ §1cosgy; w2 =01+ € cosqs + &0 {4.3)
o Yy =ga+&18ing; Yo = gs + €ysing, + &, sinys. ‘
Tir (4.2), (4.3) ta tinh dwoc o
[ 1 . ) 0 o -
€ siulya—q1) cos[yi—7z} sin coayg .
dy ) dy d) ER
Zisin(yi—q1) L sin gy £o3 7y
dy dsg dy dq
o= —&ising ] 0 1
—f) siu\th-«ﬂ_\ il yp—qgy1)&rsiny,y —&a8inys cos{y1—"2] —§23in g 310 yg di— €3 3iny; cosya
iy ’ } dy 1 dy
. Ercosgy 0 1 0
£rcosqidyt+Eafi cosyy sinlya—71) £aconyy coslyy —~va} dy+£€;3 cosy, sinqy £3c08 9y conyy
- d, dy 1

dy b
dy = (22 + g2) sinfyy — 72), dp =4 sin(y1 — vz2)-

Viag; (i =1,7, 7 =1,4) chita cic toa dd thira v;, 72 nén trwée mdi bwéc tinh ta xic dinh
71, Y2 nhe (4.2}, sau d6 tinh {a)rx4, tinh A theo (3.9), tinh v& phdi (3.10) vi nh& (3.3), (3.4) tinh
duge - ' '

Cac bi‘n thic lwe suy réng:

7 £ sin{vy; —
Q1, =M1 — my g€ cosqy — mag[fi cosqr + £z cos 91 M]—

d,
(£3cosy2 —nssin 'Tg)glrsin("]l - 72)
T M3g ;
da
' £z cosyycoslv — 12 £acosys — N3 8In _
Qzq = — mag 4 ( J - msg"**—“d—““—'“ — g2C3;
1 2
_ d) — §pcosy sinyy £3co8ya —masinys
Qay =~ myg —mag ; - Mg % SIN7Y; — 3Cy4y;
1‘ -
Qo =—m g&g COS 7Y COSY2 m g£3COS",(2 — 73 sin7y
L 2 —~———-——d1 ma i ;

~ Si dyng phwong phip Runge-Kutta bic 4 d€ gidi (3.6}, thay cdc gid tri tim dwoce vio (3.7)
ta tinh dwge phidn huwe lién két theo phwong ¢, tai khdp (4, 1).

b. K&t qud tinh bing s8: Céc gid tri cho truwde:

£y = 5,80cm; £ = 2,25cm; ny=0cm; my = 2,02kg;
o = 25,00em; &3 = 11,30cm; n2 = Ocm; mg = 1, 42kg;
£y = 20,00cm; £3 =11,50cm; 13 = —2,65ecm; my = 1,84kg;

Joy =50.75kgem?; Jop = 126, 10kgem?;  Jos = 182, 80kgem?;
¢q =30Kp/em; ¢y, =45Kp/em;

); Mo = 30K pem; grev = 420véng/phit.
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Digu kién diu, t = O:

_ ‘ E
. 'q10 = 0,7854rad;  gio = 0;5- g20 = Oem;  gap = Ufﬂ;
i L

. cm
g30 = Ocm;  gag = 0“;‘“; f1 =0;

Trén hinh 2, 3, 4, 5 md t4 chuyén 43

(4, 1) theo phwong 4, (pdm ngang).

Néu thy'c hién gidi phéng lign k&t tai cdc khép khic vh dwa th

vao ta s& tinh dwoc phan lwe lién két tai cde khép nay.

glrad] 4043 #} [L7

9.1 =0;

ng theo cic toa &3 gy, g2, gs vd phin lyc lign ket tai khép

ém cdc toa d6 phu 02,8, ..
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‘5. KET LUAN
Trong bai bdo di dung nguyén 1y phit hop va phép bién ddi hé toa d8 khio sit d@ xay dung
phuong trinh chuyén ddng va phwong trink xdc dinh phdn lwc lién k&t. Nho d6 vidc gidi cdc
phwong trinh niy cé thé d& ding thwc hidn bing phwong phip 8. Céc phin lwc lidn két tai bat
k¥ khép nio cda co cdu d8u ¢ thé xdc dinh vi cé thé tinh ddng thi. K& qud tinh todn cho 1 vi
du phtt hop véi két qué trong [3]. '

Pia chi: Nhin ngay 1/12/1990
Truwdng Dai hoc Bdeh khoa HN
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PEZHOME

0 PELIEHVY YPABHEHMI JIBVDKENMS M PACYETE CUTT B MEXAHM3MAX

Msnoscedo npuMeHeHye NPUHIHIIA colvalIcHES 1 Hpeolpa’keHK CHCTEMB! KOOPIUHAT [1 715
MOCTPOCHHUS yPABHEHUY [BieHUs M yPAaBPHERRN, ONpeReSIOUHX CUIb!l PEAKILHY CBI3LH Mex-
annsMa, OnenoparefbHO, pelleHHe 3THX YPABHEHHH MOJKHO BBIEOJHEHO YHCICHHBIM METOLOM.
CHab! DeakIHE CBASSH BCAKUX IIADHUDOB MEXAHMIMA MOMHO OTIPENEeHbl M ONHOBPEMEHHO
paccYHTAHEL.

PHUONG PHAP GIAI TONG HOP CAC BAI TOAN . . .
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RESUME

METHODE SYNTHETIQUE DE RESOLUTION DES PROBLEMES
D’OSCILLATION LIBRE ET FORCE DES STRUCTURES
EN UTILISANT LA METHODE DES ELEMENTS FINIS

Dans cet article, Pauteur a soutenu une nouvelle méthode pour résoudre simultanément tous
les deux problémes d’oscillation d’un systémes de structure i plusisurs degrés de liberté:

- Oscillation libre ' '

- Oscillation forcée

En se basant sur trois théorémes présentées, on peut trouver une méthode synthétique per-
mettant de déterminer paralltlement les valeurs des grandeurs suivantes:

- Fréquence fondamentale et amplitude d’oscillation propre correspondante.

- Amplitude d’oscillation forcée par des forces périodiques de fréquence r donné.
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