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TOM TAT 

Trong bai hdo ndy, img xu phi tuyen hinh hoc cua ket cdu hai Idm tir vai composite 

Iryc hudng (orthotropic) vdi gid dinh vgt lieu dan hoi luyen tinh se duac xet. Phdn tich on 

dinh phi luyen cua moi phdn tu ddm gdi lua dan dirac thuc hien bao gdm. vi du so vc phdn 

tich bien dgng Idn cho mo hmh ddm hai phi tuyen phdn tu hiru hgn I \'IBFE). Md hinh ddm 

NIBFE gdi lira dcm chiu ldi nen doc tntc se duac gidi de lim dudng cong ddp img cua ddm. 

Ddy la cdc nghiem chuyen vi ngang (transverse displacemenis) vd duac chudn hoa hai he so 

ty 14 do vdng ciia ddm. 

Tir khda: Ddm hai. on dinh phi tuyen. composite true huang. 

ABSTRACT 

In this paper, nonlinear geometrical befiavior of inflatable beam made of orthotropic 

elastic composile is considered. .4 nonlinear buckling analysis of a nonlinear inflatable beam 

finite clement t \ IRFE) model is performed. A simply supported NIBFE under compressive 

concenlraled load is solved lo trace beam response courbes. These solulions arc transverse 

displacemenis and are normalized by ralio-to-defleclion ofihe beam. 

Kc>\\urds: Inflatable beam, nonlinear buckling, orthotropic composite. ' 
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NGHIEN CUU - TRAO D6\ 

I .D.\T\ANDE 

Trong cac kdl cau bom hai. su xuat 
hien ciia mat dn dinh cue bg dan ddn hinh 
thanh cac ndp nhan, gay khd khan cho vide 
giai cac phuang trinh phi tu\ en de co ihe thu 
dugc kdt qua tdt, phii hgp vdi cac kdt qua md 
phdng \a kdt qua thuc nghidm. Cac bai loan 
dang nay, thudc phi tuydn hinh hgc cd bidn 
dang dii Idn dd cac phuang trinh can bang 
phai dugc \ict theo bien dang hmh hgc kdt 
cau. Mgt sd nghien ciiu trudc \ e van dd nay 
da dugc thuc hidn. Le van el al (2005, 2007) 
[ 1.2], Diaby et al (2006) [3], dua tren phuang 
phap Lagrange tdng da dua ra linh toan vd 
bat dn dinh va hidn lugng nhan xuat hien 
trdn cac kdl cau mang. Davids et al (2008) 
[4] da phat tridn phan tir dam Timoshenko 
bac hai dya trdn nguyen ly cdng ao co linh 
ddn hien lugng nhSn vai. Tuy nhidn, trong 
cac nghien ciru trdn, vat li?u ddu dugc gia 
dinh la dang hudng (isotropic). 

Bai bao na\, trinh bay phan tich bat 
dn dinh phi tuydn ciia kdt cau bam hoi vdi 
vat hdu gia dinh la composite true hudng 
(orthotropic) Uu didm cua md hinh \ai lieu 
true hudng la md ta chinh xac ban \di cac 
loai vai ddt k\ thuat dugc sir dung trong 
thyc td. Muc dich ciia \ice nghtcn cim la tim 
dudng img \u bat on djnh phi tuydn ciia md 
hinh phan lir hiiu han dam hai chiu nen, dd 
tir dd phat tridn cho cac loai ket ĉ u bom hai 
dung vat lî u true hudng khac. 

2. PHI ()N(; PH \P NGHIEN CI I 

Phuang phap nghidn cuu la \a\ dung 
md hinh phi tu\dn ph5n lir huu ban (PTHH) 
ciia dam hai va giai dd tim ra nghiem chuydn 
%!• nham du doan img \u ciia loai kdt cdu 

na> trong cac didu ki?n chiu tai thyc tc 

Phuang phap total Lagrangian dugc 
sii dung, trong do chuydn \ i tham chieu ddn 
ciu hinh dim ban dau dd md ta sy phi tuydn 
hinh hgc. Tii dd, la cd the hinh thanh ma Iran 
do Cling tiep tuydn [K^], trong dd bao gom: 
Tac dgng ciia sy thay ddi hinh dang hinh 
hgc cung nhu anh hudng ciia ap suat hai ben 
trong. Tai trgng dgc tryc tai budc gia thir i* 
dugc tinh bdi: 

{0={f,}-'{Ari ( I ) 

Vdi mgt phan hi. phuang trinh can 
bang phi tuyen dugc hinh thanh nhu sau: 

m]iAd{-{f} (2) 

Trong dd: [k.̂ ] la ma Iran dg cimg 
tidp tuydn phan tir {f) la vecto gia lai nut ciia 
mdt phan hi va{Ad}lagia nghiem chuydn vj 
can giai. Sau khi thyc hidn ghep cac phan tir, 
la thu dugc phuang trinh can bang cho toan 
ket cau: 

(m{AD)= if; (3) 

Phuang trinh (3) co the giai bSng 
thuat toan gia tai buac dya theo phuang 
phap lap Newton sir dung cac gia tai niit 
(AF}, cac he so dieu chinh va cap nhat [Itj] 
sau moi buoc gia. Vecto chuyen vi ciia mo 
hinh (D(, = {01^,+ {AD(, trong do {AD| 
la so gia chuyen v; niit chua biet tai buoc 
gia thir i va jD)^, la vecto chuySn vi nut 
cua dam tir buoc nghi?m truoc voi dung sai 
nghiem can bjng nhu sau: 

li{AD)J| = ({AD)f{AD},)>S 0.0001 (4) 
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NGHIEN CU'U-TRAO 001 

hoac 

ll{R),ll = ({R)f{R}j;< 0.0001 (5) 

Vai{R}, = {R(D._,)} = [Kr]{ADj 
la vecta lyc du mat can bang toan cue ciia 
kdt cau tli budc gia trudc. Khi ddn didm tdi 
han, gia nghidm chuyen vi {AD} se trd ndn 
rat Idn. Tai didm ldi han hoac didm phan 
nhanh, [K.̂ ] se trd ndn suy bidn. 

2.1.Thuat toan lap de giai mo hinh NIBFE 

De giai md hinh NIBFE, ta su dung 
thuat loan lap Newton-Raphson vdi budc 
gia tai trgng phii hgp dd tim ra gia nghidm 
chuydn vi lai niil{AD). Gia su tai budc gia 
(i — 1), ta thu dugc xap xi{D._i}nghidm 
khi du lyc chua tidn \ e 0. 

{R(D̂ _ J} = {F) - [K(a_,)]{D,_,) * {0} (6) 

Tai budc gia thii i. la tim nghidm xap 
xi{Dj: 

lan cancua{D ] 

:R. j_ . . - iD)}=;Rj . . l - f |5 l {iD} = {Ol (8) 

Qua trinh giai lap md hinh NIBFE 
dugc thyc hidn bang phan mem MATLAB. 
Tai cap do kdt cau phan tii hiru han, ta tim 
mgt nghidm lap. Trong vdng lap ket cau 
nay, thuat toan lap-gia se dugc ggi tai mdi 
diem (Gauss) \at lieu. Trong mdi vdng lap 
tai budc gia tai M. cac tham sd ciia dam 
(Bang 1) \a cac dieu kien bidn dugc thidt 
lap dd lam cac bidn dau vao cho cac budc 
giai d cap do loan cue Dau ra tir cac budc 
giai d cap dg toan cue nay chinh la phucmg 
trinh (3) dugc giai lap d cap do kdt cau. Ci 
cac budc giai cap do phan lir, ma Iran dg 
Cling tidp tuydn IK^] va cac vecta tai trgng 
(f f„.} va {f ̂ ĵ.} dugc tinh cho mdi phan tir. 
Sau mdi budc lai i, nghidm chuydn vj hgi tu 
{AD ] tai budc lai hien lai AF se dugc dimg 
de lam gia trj gia chuydn vi cho budc lai kd 
tidp. 

{R(Dj}=CR(D._t-ADj}^{0} (7) 

Ta thu dugc thuat loan bang each sii 
dung khai tridn chuoi Taylor bac nhat trong 

Tai cap do vat lieu, tidu chuan hdi lu 
cd thd dugc dinh nghTa theo phuang trinh 
(4) hoac (5) the hidn theo cac sd hang eiia 
\ eclo chuydn vi va vecta lyc du. 

Bdng I. Cdc tham sd ddu vdo cua mo hinh NIBFE 

Tham so 

Dac linh vat 
lieu 

Mota 

I Mddun dan hdi Young ciia sgi dgc 
Mddun dan hdi Young ciia sgi ngang 
Mddun dan hdi trugt phang 
He sd Poisson do sgi chju lai theo phucmg dgc 1 
va CO theo phucmg ngang I 

Xem bang 2 
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dam (a trang thai 
tu nhien - chua 
duac bom hen 1 

Nyoai luc 

Mo la mo hinh 

1 

v;. 
1 

R 

'. 
P 

/-

{ f j 

•'m= 

". 
I 

e. 

" n 

r'dcf 

^dof 

9dol 

m 

He s6 Poisson do spi chiu tai theo phuomg ngang 

t va CO theo phuong dgc 1 

Chieu dai ciia dam 

Ban kinh ngoai cua dam 

Be day cua dam (\ o) 

Ap suat trong 

Tai tap trung theo phucmg X 

Vecta gia tai 

So buac gia tai 

So phan tir 

Chieu dai phan tir 

So niit cua mpt phan tir 

So niit toan cue 

So bac tu do ciia moi niit 

So bac tu do cua moi phan tu 

So bac tu do loan cue 

So dicm tich phan Gauss 

Xem bang 2 

10-200 

1500 

10 

5 

is 

3 

2n , - 1 

5 

=^- • " i » / 

" d » / • " -

3 

Bang 2. Cdc Iham so ddu vao vua mo hinh NIBFE 

Chieu da> tu nhii-n. t-([Ti) 

^Hc si) dicu chinh truat, k.. 

Ban kinh Iu nhicn. R (m) 

Chiini diu tu iihiC'ii. , (m) 
Oac tmh ca hoc ciia \ai true huanu; 

5 x lO-* 

0.14 

M6-dun dan hoi >bung theo phuang dgc, £, (MPa) 

Vat lieu 1 
(thuc nghiem) 

2609 

Vat lieu 2 
(Cheng et (2009) [5]) 

19300 
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NGHIEN CLTU-TRAO OOl 

M6-dun dan hoi Young theo phuang ngang, 

£, (MPa) 

M6-dun dan hoi trucn. G.. (MPa) 

He so Poisson. v . 

I He so Poisson. ' j . 

2994 

1171 

0.21 0.28 

0 22 

Bang 3: Ap sudl chudn hda (p.^ ) cho cdc gid tri 

dp sudt irong khde nhau (p) dimg trong 

nghien cuu ndy 

P (kPa) 

10 

20 

30 

40 

50 

100 

150 

200 

Vai hi-u 1 

324 

648 

972 

1295 

1619 

32.'i,s 

4,S5S 

6477 

P. 

1 

-r-

\'al hini 2 

43 

S5 

i:s 
171 

214 

427 

6411 

S54 

2.2. Cac he so danh gia mo hinh NIBFK 

Dya vao thuat loan giai phuang trinh 
ket cau PTHH phi tuydn. thyc hien phan 
tich dn dinh phi tuydn mdt trudng hgp dam 
gdi hja dan chiu lyc nen F dd lim ra dudng 
cong dap ling ciia dam (hinh la). Nghidm 
lim dugc d day la nghiem chuyen vi ngang, 
dugc chuan hda bdi he sd ty Id vdi do vdng 
ciia dam. 

Tai ldi han dugc linh trong phan tich 
dn dinh tuyen linh chi phii hgp khi va chi khi 
cd rat it hoac khdng cd sy kdl hgp giira bien 
dang mang \ a bien dang udn ddi vdi dam 
ban dau thang. 6 hinh lb, mgt lugng nhidu 
nhd dugc dua \ao md hinh dd tao mgt do 
cong nhe. Muc dich dd tao do lech tam lai 
trgng trong cac md hinh sd chiu nen de cd 
the sinh ra chuyen \ i ngang. 

\ 

•*<£= i ^ -

\ 
Nlubnh thu hu 

.hong CO nhieu ban dSu) 

Vbinb thu hu 
[c6 n h t ^ ban d i u ) 

' y Dg^fing D, 

Hinh I: a) Ddm hoi chiu luc nen doc true F: b) Anh hudng cua nhieu ldi ban ddu 
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Khi lang nhieu ban dau len, dam 
mang y nghia la bai loan bidn dang Idn, han 
la bai toan bat dn dinh. Liic nay, phan tich 
bat dn djnh phan nhanh luyen tinh cd the se 
danh gia khdng chinh xac lai ldi han thyc Id. 

Ndi chung. phan lich phi tuyen se 
phii hgp hon, khi do sy kdt hgp giira bidn 
dang mang \ a udn se dugc dua vao ngay tir 
dau. Sy sup dd (collapse) ciia dam chju nen 
cd the lidn ket vdi su phan nhanh tai didm ldi 
han, hay ndi each khac, su sup dd nay cd thd 
dugc dinh nghTa la gia tri do vong qua muc. 

Tai trgng dgc true dugc chia thanh 
10 budc gia lai bang nhau dd tinh loan cac 
gia nghiem chuyen vi. Tham sd tai trgng phi 
tuyen chuan hda lai budc gia lai thir i dugc 
dinh nghia nhu sau: 

C' 10^ X- (9) 

Md hinh dugc lam tir vat lieu 1 va 
2 nhu trong bang 2. Phan Xix ba nut bac hai 
dugc cho nhu sau: 

IN'I = 1'V| A- V;) = [|f(f-1) l-(- m+l)|(10) 

Gia tri nghidm do vong D dgc true 
Y thu dugc tir md hinh NIBFE dugc xet vdi 
hdsddgudn-bankinh{/?^^ = D, /?;).trong 
dd nghiem chuyen v j dgc tryc D^ dugc tham 
chidu ddn bien thidn ciia he s6 chidu dai -
ban kinh (fl,. = DJR^). Cung mgt gia tri 
ap suat chuan hda va vat lieu, gia tri fl,^ va 
Rf^ cang nhd thi dam cang dn dinh. 

3. KET Ql A \ A THAO LL.AN 

3.1. Kiem chimg voi ket qua thirc nghiem 

Trong phan nay, nghi?m sd sc dugc 
kidm chimg vdi kdl qua tir thyc nghidm. 
Mgt Ihi nghiem bat dn dinh dugc thidt lap 
vdi mgt dam hai vai composile tryc hudng, 
dudng kinh danh nghia 140 mm, vdi cac 
thdng sd vat li?u dugc cho trong Bang 2. 

Dim hai thyc nghiem thudc loai 
Ferrari dugc cung cap bdi cdng ty Losberger 
(Dagneux, Phap), dugc chd lao tir vai 
polyester cd do bdn cao vdi cae sgi Hdn tuc 
dugc ddt theo phuang ±0° - ±9" va dugc 
phli ca hai mat bang hgp chat PVC. Tai 
trgng dgc true dugc dat tang dan va dugc 
do bdi mgt cam bien lyc loai ZFA. Cac kdt 
qua dugc quan sat bdi he thdng Vishay Data 
Acquisition 5000 (VDAS 5000). Chuydn vi 
dgc dam dugc thu bdi mgt tachometer Leica 
TCR 307. Ap suat dugc lay bang hang sd va 
dugc giam sat mgt lan vao thai diem bat dSu 
mdi thir nghidm. Tir dudng cong lai trgng -
do vdng do dugc, tai nhan Fw va tai bat dn 
djnh Fb cua dam dugc quan sat va so sanh 
\ di cae nghiem sd tuang img dugc linh loan 
lir md hinh NIBFE trong MATLAB. 

O bang 2, day ap suat thap (p = 10 
ddn 20 kPa tuang img vdi p„ =324 ddn 
972 vdi trudng hgp vat lieu 1) dugc chgn 6i 
tap trung nghidn ciru ling xu phi tuydn giiJa 
mo hinh sd NIBFE va md hinh thyc nghi?m. 
Nhu trong hinh 2 - 4, su phii hgp tang din 
theo cac budc gia tai giira hai md hinh. Khi 
dat ddn tai nhan, md hinh dy bao mgt each 
chinh xac dudng dap ling lai trgng - bidn 
dang. Cac kdl qua nay lam ro anh hudng 
cua ap suat trong len bac phi tuydn ciia img 
xu dam hai va vj tri cua diem tdi han {limit 
point) va tai nhan (wrinkling load). Trong 
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pham vi eac ap suat thap nay, cac ap suat 

chuan hda p^ = 3 24 va 648 khdng dii dd thu 

dugc dudng dap img tai trgng - bidn dang 

dn dinh. Didu nay dan den ling xii phi tuydn 

d cac ap suat nay cao ban so vdi mau thu 

nghidm d p „ = 972. 

Hinh 2: Dudng cong so do vong giUa ddm cua 
md hlnh ddm hai NIBFE gdi lua dan so vai ket 
qud thuc nghiem tgi dp sudl chudn hdap^ = 324. 

Hinh 3 Dudng cong so dd vong giira ddm cua 
md hinh ddm iiai NIBFE goi lua dan so vai kit 

qud thuc nghidm tgi dp sudl chudn hoap^ = 648 

Hinh 4: Dudng cong sd do vong giira ddm cua 
md hinh ddm hai SIBFE gdi lua dcm so vai kel 

qud thuc nghiem tgi dp sudt chudn hdap^ = 972. 

3.2. Nghien cihi tham so tren mo hinh 

NIBFE 

Mot nghidn ciiu tham sd dugc thyc 
hidn dd lim hieu anh hudng ciia ap suat 
chuin hda len md hinh NIBFE bang each 
giai phuang trinh (3). Tai mdi cap ap suat, 
tai ldi han tuong img (F,^. = F^) la gidi han 
trdn ciia tai dgc true dat len dam. Cac chuyen 
vi mil tai nhip giua dam dugc riit ra tir vecta 
nghidm loan cue. Hinh 5, the hi^n bidn thidn 
cua ly Id dg udn - ban kinh vdi eac budc 
gia ciia tham sd tai chuan hda /f"' trong hai 
trudng hgp vat lieu. Ta cung luu y rang, 5 
phan til la du dd thu dugc kdl qua hdi tu. Sy 
sai khac do anh hudng cua ap suat giira cac 
kdt qua dugc thd hi?n rat rd. Tai ap suat thap 
p„ = 324. md hinh khdng dn dinh va vi the 
sc sup trudc lien. Tai cac ap suat cao ban, 
cac dap ting ciia ty le Rf^ la gan nhu tuydn 
tinh lai cac budc gia K"' thap. Cac dudng 
cong Ud ndn phi tuyen dan dan tai cac gia tri 
cao han. Cac kdt qua tren chiing minh rang, 
dam dugc bom d ap suat cao se cd kha nang 
mang tai tdt hem (dn dinh han). ' 
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Hinh 5: Bien thtin ciia he sd t}- le dp udn - bdn 

tuyen cimdn hda (f^P' = ^o* x FJ{E.^^ 

Ngoai ra, anh hudng ciia vai lieu vai 
composite kdt hgp vdi anh hudng ciia ap suat 
cung dugc nghidn ciiu. Xet hai dam hai lam hi 
hai loai vat lieu 1 \a 2. nghiem lap phi tuydn 
thu dugc vdi hai gia tri ap suat chuan hda dau 
vao (p„ = 3 24 va 648) va dugc chuan hda 
bdi hai he so t\ 1? R ^ \ a fi^^. Cac gia tai dgc 
true dugc chuan hda Iheo ap luc gay ra do 
ap suat trong, ta thu dugc mgt sd hang ggi la 
h? so ty le gia lai A^ = F.j'F,^. Ltru y khi Kj 
bang 1, dam se sup xuong (crushed). Ca hai 
he sd ty Id R., va /?^^ dugc bieu dien theo he 
sd gia lai K^ nhu trong Hinh 6 va 7. Ta cd thd 

kinh {.Rf. =• '>. •' R. ) khi tdng he sd tdi trpng phi 

•o) ) cho md liinh ddm NIBFE gdi tua dan. 

thSy, trong ca hai trudng hgp ap suat chuan 

hda, dSm lam tir vat lieu vai cd mddun dan 

hoi cao hon (vat lieu 2) se the hidn tinh dn 

dinh cao hon (gia tri R.,. va R^^ cang thap), 

Sy so sanh giiia cae dudng cong dap ling ciia 

dam trong hai trudng hgp ap suat khac nhau 

Cling minh hga rd cac dam vdi ap sua! hong 

cao han se cd gidi ban /?,,. va R.^ rgng han 

trudc khi hi sup do. Didu nay chimg td khi 

cac thd sgi chiu cang dii, dam hai se cd dg 

cimg udn va cd kha nang chju tryc tidp cac 

img suat nen va udn hdn hcrp. 

n 

Hinh 6: Bien Men ciia he s6 ly le chmi dai ~ ban kinh (,R,r = D.^/R^,) khi Idng he.m ldi trong 
phi luyen chudn hoa (Kf = F. / Fj,} cho md hlnh ddm NIBFE goi lua dan. 
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Hf •itrKckiladw-btaUik.R/r IV (A ty k dan d*i - ban kmh. Jt^ 

//in/i 7.- Bien thien cua he sd ty le chieu ddi - bdn kinh (/?.-,- = D,,'R,-,) khi tang he sd ldi trong 

phi tuyen chudn hda yKf = F./F„) cho md hlnh ddm MB FE goi lua 

4. KET LL.\N 

6 bai bao nay, phan tich bat on dinh 
phi tuydn dugc thyc hien de lim dudng dap 
ling lai trgng - do vdng eiia phan tir dam hai. 
Phuang phap linh loan nghiem PTHH phi 
tuydn cd kd ddn anh hudng ciia sy thay ddi 
hinh hgc ciing nhu ap suat bam hoi da dugc 
trinh bay. Cac nghien ciiu tham sd chi ra 
rang, ap suat trong va ca linh vat lieu cd anh 
hudng Idn khdng chi ddn he sd bat dn dinh 
ma ca nghidm chuyen vi Idn nhat ciia ket cau 
dam hai. Cac kdt qua dugc kidm chimg vdi 
thyc nghiem. Mo hinh PTHH phi tuydn dam 
hcri cho thdy kha nang dy doan chinh xac cac 
ling xir nhan ciia dam va dap ling tai trgng -
bidn dang khi bam hoi lai miic ap suat thap 
(tinh phi tu\ en cao) • 
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