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TOM TAT: Bai bdo sé trinh bay phuong phdp xdy dung mé hinh dao djng
phdn tit ddy ting xit phi tuyén hinh hoc bdc bén c6 xét dén ddc tinh khong nén dugc
theo phuong phdp phdn it hitu han. Vigc xdy dyng mé hinh ddt trén nén tdng cdc
nguyén Iy bién phan trong doé bién dang dugc tinh théng qua phuong phdp Green.

Tai ting thoi diém dao déng, cdc chuyén vi, bién dang va ndi luc tai co cdu cdn bang
sé dugc tinh todn theo phuong phdp lap Newton- Raphson thong qua cdc ma trdn cuing
1iép tuyén. Thém vao dé do ddc tinh mdt dj cing khi ching ciia phdn it ddy cing cdc
dnh hudng ciia né 1én sy thay dSi mé hinh va phan b6’ lai Ao cing trong toan bg két
cdu nén qud trinh ldp sé khd phitc tap va dugc thic hién qua nhiéu giai doan.

GIOI THIEU

K&t cau diy do c6 cdc dac tinh ndi bat vé ty so kha ning chiu lyc trén trong ludng
don vi nén dat hiéu qué rat cao vé mat m§ thudt ciing nhu vé mit chiu lyc, dic biét khi si
dung cho cic k&t cau c6 yeu cau cao vé mit my thudt va kha nang vugt khau d6 16n nhu ciu
day vdng, mdi vom treo, ciu treo ddy vong, cau Extrados va cic hé thong tdi dién.

Hién nay cdc phan mém thlIdng mai tinh k&t ciu theo phuong phip phén tf hitu han
thudng khong xdy dung phan tf day mém va do vay khi tinh todn, cdc ddy s& dugc thay the
bing phan tf thanh ¢6 médun dan héi twong duong hodc bﬁng cac phan tif ddm, ddm du .ing
luc bd qua moment khdng udn. Tuy nhién do déy 1a k€t cadu rait mém va ¢ dng xif khac biét
cdc phdn tif trén do vay k&t quéd phan tich bai todn ddy dua trén cdc md hinh thay thé& chi ¢6
thé dudc chdp nhan trong nhitng diéu kién 4p dung nhat dinh v tdi trong ap dung, md hinh
k&t cdu va trong trudng hgp tinh todn tdng qudt diy mém da xudt hién sai s khd 16n do cdc
dnh hudng:

= Ung x& phi tuy&n hinh hoc khi xuat hién chuyén vi va bién dang 1dn.

= M4t d6 cing khi bi chiing clia ddy va cdc dnh hudng ciia né 1€n su thay d8i mo hinh va

phin bé lai d§ ciing trong toan b k&t cdu trong qué trinh 1am viéc.

= R4t nhay cdm vdi cdc y&u t6 gy dao dong.
Vi nhitng 1y do nhu vdy, khi phén tich, tinh todn k&t cdu st dung didy mém theo phuong phép
phdn t& hitu han cin phdi xdy dyng md hinh riéng biét v8i cdc tinh chat dic thii nhim thé
hién mét cach dung ddn dng xit cia né khi 1am viéc.
XAY DUNG MO HINH
Viéc xay dung md hinh s& dat trén trén nén tang cdc nguyén 1y bi€n phin trong dé st dung

phuong phap Green dé tinh bi€n dang. Ddy s& dugc chia thanh n phin tf, mdi phan tf s&
duge xem xét véi cdc thdng sd:

a GOm bdn bac iy doul, wl, u2, w2 (Xem hinh vé).
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a Modun dan hoi vt liéu 1am day E, dién tich mit cit ngang A, chiéu dai L, hé s& nhdt C.

Luc cing day ban dau To.

o Tai trong phin bd theo toa d va thoi gian theo phudng doc truc va vudng gée lan lugt
Pu(X,1), pw(X,t).

o

W W2
p(1)'s M6 hinh phan t day OR
UI E’A’IJ! pU(x!t)) p“’(x’t)ﬂc u2
1o 2 p(1)2,
A ——*To
Trudng chuyén vi trong cdc phin tf s& dugce ndi suy theo cdng thic.
u(x,0) =1, (NG (x) + 1, (g (x) {1
w(x,1) = w, (D@ (x) + wy (1)) (x) (2)
u(0,t) =u,(t) w(0,1) = w, (1)
u(l, 1) = u, (i) w(l, 1) = w,(f)
F=grio=1-%  HO=0=]
Hé gdm hai phuong trinh chuyén vi éé thé duoc viét dusi dang ma trin
fax.ol=v@ e, 0} 3)
; u(x,t) _ #'(x) 0 ¢y (x) 0
TrongdS  fgx,0)= [N(x)]“[ 0 H@ 0 ¢;"(x)l "
w(x,t)
{q”(t)}r = [u )y w() (1) wz(I)] (5)
wl=pr® o s J ©)
V.ol=l sre o 1) 7
Biéu thitec déng ning[2]
T =% [po {8, 0}" {6, (0} dV == j poA {8, (0} [N]" [N]{g, (1)} dx = {qnm [ [poAINT [N]dx}{qn(t)}
bat =[Ljpu,4[N]T[N]dx} t))
T . 9
<= a0y a0} d
Biéu thitc nding luong tiéu tdn do nhét[2]
(10)

Vo= 3 o101 VT N0} 06 = 3007 | JoINT Mo a0
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Pit C= [:IC[N]T[NFXJ

Vo =140 [0l 60) L

Biéu thitc ndng liiong bién dang [1][3]

L
Ve =2 [Ee.8.av = L [Edstdx
2; 2)

Bi€n dang dugc tinh theo cong thitc Green[2]

oo st 3ot
i‘%ﬁ:%ﬁw.xx)lmr)}):f‘fmsz,(r)} (13)
2D oo Lo ) 49
g.JL.7 (“]{q O+ [ N(*)]{q (:)}J 2[5!_[%(::_)]{7,‘(”}]2 (15)
IEA ”» jg{dbv(x)]{q()} [d[N(x)]{q()}) (d[N (x)]{q()}” (16)

Thé ning bi€n dang dan hdi xét trén k&t cdu hinh hoc ban dau do d4nh hudng cia du ng
Iuc[2]

presiress

1
SN S an
2 0

Do diéu kién can bing tinh trén cd cdu ban diu[2]

foo v+, =0 (18)

¥

Yo % . iz{d[mx) {q"()) [ N(x){q()}]}, -

Biéu thitc cong ciia ngoai lic[1][2]

Vextn = — {gn (t)} an (t)T (20)
| 21
{g.(0} = [[NC)] p(x, )dx 1)
0
Ap dung nguyén 1y Hamilton 5‘](7 ~vHt=0 (22)
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2

SR )

0

st:j‘%{qn(t)}‘[m]{qn(t)% +%Totj% [d[‘\cl;)fX]{ (t)}} ( ['“::X)]{ n(t)}u_[:ﬂw(x)]‘p(t)dx] 0
-2 (@) [C (@)
L ! i
(23)
P& thuén 1oi, cdc chuyén vi s& duge vi€t dudi cdc dang sau
Uy (0), 1 () e 0,0,
W, (1), Wy () eommsssssmsmmsnsssss O, O
A o
w®) [
Pat o-{iiotla
w®) |0
d[w, (x){q 0} Q.+Q3 (24)
AN ) - Qz;" (25)
;giggr[Mb-[gaA[—anL+Qa+3(~Q;Q=]:%[—ez;e«]]m fis22) 2(—9:;94y}]dx-[gmumm:D
(26)

Trién khai biéu thifc (26) s& din dén hé bdn phuong trinh bac ba. Ma trdn dg cing
khong thé ¢6 dudc ngay nhi trong trudng hdp tuyén tinh. V1 vay, d€ ¢6 thé skt dung cdc thusn
1di ctia cdc phuong phap tinh todn nhu trong bai todn ng xi tuy€n tinh, cdc hé phuong trinh
trén phai dugc viét dudi dang ma trin.

Thi€t 1ap ma trén cing phin ti day frong trudng hgp Wng xi¥ phi tuyén[3]

Pat 2 (27)
[ EAI[ 0+ 105 z(wQ:Q ) %(-Qe:c' ]] dx+[2T°j;[ {’Q :03] +;(_02:Q‘T]]dx}
BT =0<> Zg_f@ 2,,0,,0,)=0 ic[1,4] (28)

Cdc qué trinh bién d6i dé thi€t 14p ma trdn d cing sé& dugc thyc hién bing phin mém
Mathcad va cédc biéu thic (28) ¢6 thé dugc vi€t dudi dang ma trin nhu sau:
k@.0.0.00l0 2. o af

[K(Q,,Q,,Q,,Q,)]Ma trdn cdc biéu thifc bic hai ciia chuyén vi c6 the duge vi€t dudi dang
K= (Ko+ K+ K3)

Trong do
K: Ma trdn dd citng khi xét d€n @ng x phi tuy€n hinh hoc.
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Ko: Ma trin d6 ciing gdbm cdc hiing s6 nhu luc cing ban ddu, modun dan hdi vat liéu,
dién tich ti€t dién, chiéu dai phan uf.
K;: Ma trdn do citng gdm cédc cdc bi€u thitc bac 1 clia chuyén vi.

K,: Ma trin d6 cing gdm cdc cdc bi€u thitc bic 2 cia chuyén vi.
1 1

" 24 ;’ ““3m 01 XQ+0) (B+0) -¥-G+Q) (G-Q)
o R S S (A G+ @-2) Q-0
Ka= o T X0+0) (G+0)
24 SYM -G +0)
SYM. o ‘
2EA
(Q-Q,f +(Q,-Q,)? 0 ~UQ-Q,) +(Q, -Q, ) 0
k. - E4 (Q-Q3)° +(Q,-Q,)° 0 -[(Q-Q)° +(Q,-Q,)? (29)
LeY: (Q-Q)* +(Q, -Q,)? 0
1 '3, 4
SYM. (Q-Q,)° +(Q,-Q,)°
Trong trudng hgp
(du(x ) Jz
— | <<
dx
Cdc ma trdn dd cing s€ dudc rit gon nhyu sau
1 ?q - OT 0 (-+0Q) 0 (@ -9)
¢ - 4 251 ° T2 AR 0 @9 0
g B 1 0 21 0 -G +0)
SYM. ly SYM. 0
2EA
(@, - Q) 0 (2 -0, 0
_E4 (Qz*Q-;)l 0 “(Qz_Qq)z 30
k=00 @, -0, 0 S
SYM. (@, -0

" Céc phép bién ddi s& din dén phuong trinh dao dong quen thude duge vigt dudi dang ma
tran.
MO +CQ+KQ = P(x,1) G1)

K& tir day, cdc budc tinh todn cia phuong phdp PTHH nhu 1dp rdp va ghép ndi cic ma
trin, ma trin chuyén truc Jacobi... c6 thé duge st dung. Tuy nhién cin luu ¥ riing ma trin
cing lai 12 ham cia cdc bi€n nén khong thé gidi bing cdc phuong phdp quen thudc nhut trong
bai todn tuyé&n tinh ma phai sit dung phuong phdp gidi 13p Newton- Raphson.

Tai mot thoi diém dao ddng nao do, bi€n dang cia titng phin tf diy sé dugc xdc dinh
thdng qua cdc chuyén vi clia né va khi cdc gid tri bi€n dang nhd hon hay bing khéng diy s&
§ trang thdi bi chiing, dd ciing bi triét tiéu va do d6 cdc phin tf nay s& khong tham gia vio
qud trinh chiu lyc va din dé€n viéc phdi tinh todn lai k&t cdu v6i sd 46 mdi do su bién ddi mé
hinh va phin bd lai dd cing toan bd két ciu trong qu4 trinh dao dong.

Do vay, d€ gidi bai todn dao dong day phi tuyén, tai titng budc thdi gian vié€c tinh todn
phdi duge thyc hién qua cdc budc lap:

Budc 1:Gén cdc gid tri tdi trong, chuyén vi ban diu, vin tdc¢ ban ddu, gia téc ban ddu
tai thdi diém (=0 .Viéc tinh todn lap theo phuong phdp Newton Raphson s& dugc thuc hién
théng qua viéc tinh todn ma trin cing ti€p tuy€n nhiim xdc dinh gid tri chuyén vi cdc phin
t diy @ng x& phi tuyén.

Budc 2: Ti cdc chuyén vi ¢6 & budc 1ap thit hai. TAt cd cdc phdn t ddy mém trong két
cdu s& dugc tinh todn bi€n dang nhiim ddnh gi4 lai trang thdi lam viéc véi muc dich loai bd
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tdt c4 cdc day bi ching. Tinh lai k&t cdu v6i s d6 mdi khong c6 sy tham gia cda cdc phan tit
nay. Thuc hién phép gidi ldp theo phudng phdp Newton-Raphson cho dé€n khi k€t qué hoi
vé trang thai cin biing va tat cd cdc diy c6 bi€n dang duong.

Budc 3: K&t qui tai budc thi ba s& duge ding nhu thdng s6 dau vao dé tinh todn cho

budc thdi gian k€ tiép.

KET LUAN
- P06 ciing clia phan tf day khéng chi hinh thanh do cdc dic trung hinh hoc, vat liéu, Iuc cang
ban ddu cla phén tit diy mi con phy thude vao chinh chuyén vi va bi€n dang clia né. Sy gia
ting ctia chuyén vi s& lam gia ting d0 cing cia phdn tf day va do d6 chuyén vi cla day s&
¢6 khuynh hudng bi gidm so v6i trudng hgp dng xi tuyén tinh.
- Vi ciing cdc dic trung hinh hoc, vét liéu va chiu cing tdi trong. Khi xét bai todn ¥ng xt
phi tuy&n, day c6 thé chiu dugc tdi trong 16n hon va do vy c6 thé s& i€t kiém vat liéu hon.
- TAn s& dao dong riéng ctia day khi xét d€n cdc ing xi phi tuyén s& 16n hon do c6 sy gia
ting gid tri dinh thifc ma trin d6 cing phén ti.
- Do xét dén dng x& phi tuy&n hinh hoc nén ngay cd khi vit liéu 1am viéc trong giai doan
dan hi thi quan hé giffa tng sudt va bi€n dang khong tuy&n tinh. Dudng nhu da xudt hién sy
mét mat ning lugng do bi&n dang hinh hoc phi tuy€n tuong tu nhu sy tiéu tdn ning lugng do
bién dang déo khi vat liéu lam viéc trong giai doan déo.
- Phuong phép lap c¢6 thé din dén cdc trudng hgp bai todn khong hoi tu do két cdu suy bi€n,
do d6 ngay trong giai doan chon md hinh, k&t cu phdi ddm bdo k&t cdu ludn &n dinh ngay
¢4 trong trudng hgp bat 1¢i nhat do do cing triét ti€u.

THE FEM MODEL OF GEOMETRIC NONLINEAR BEHAVIOR CABLE
IN THE ASPECT OF DYNAMICS

Le Van Nam, Nguyen Van Hien

ABSTRACT: The paper concerns to the modeling of dynamic of cable element which
exhibits nonlinear geometric nonlinear behavior in terms of fourth order effect and in aspect
of non-compressible characteristic utilizes Finite Element Method. The derivation bases on
variational principles in which strain be evaluated by Green’s tensor.

At point of time, displacement, deformation, stress at equilibrium configuration have
been obtained by iteration method’s Newton- Raphson via tangent stiffness matrices.
Moreover, a vanishing of stiffness of slack cable and their effectiveness on distribution of
structure stiffness, so lead to iterations be more complex and procedure.
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