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Tran Canh Diing - Chu Qudc Thing
Trudng Dai Hoc Ky Thuat
(Bai nhan ngay 13/05/1998)

TOM TAT: Trong bai nay ching t6i sé trinh bay mét phudng phép x4c dinh dang hinh hoc
clia cling nhu dang duding cong doc bién chiu ing suét trudc (st cing ban diu cing d&u ban
diu dugc xem nhu mdt ming mdéng chiu cing trong mdt khung ciing tuyét d6i. Dang hinh
hoc clia né dugc trinh by qua mdt hé phuong trinh phi tuyén, chiing xip xi hé phuong trinh
sai phﬁn'hl"ru han (finite difference equation) ma tir 6 n6é cho mot 1i gidi sé&.

1. GIGI THIEU |

Doi hdi cdc k&t cau c6 dién tich phd rong : sin van ddng, cdc nha kho, trung tdm thé
thao thdi thiic fim ra c4c dang két ciu méi. Mt trong c4c kiéu phd bién d6 1a cdc két cau
cing. C6 nhidu dang két cdu ciing, d diy chi xem xét két cdu v6i nhitng dic diém sau:

- N6 gdm diy neo c6 sic bén keé cao va mang chiu cing cé khéi lugng ban than
nho :

- Dang hinh hoc cin biing cin dugc x4c dinh trudc khi thuc hién phén tich ing suit
— chuyén di du6i tic dung clia ngoai lyc thdi ti€t (gié, bdo, tuyét.....). C4c phén tich trén
d&u phi tuyé&n hinh hoc va dugc xem xét véi cdc gid thiét sau :

- Trong mang, stc cing 1a déu & moi diém va dugc xem ddng nhat véi bé mit cuc
tiéu (b& mit c6 do cong biing 0).

- Gia sl c6 mit cong Z=f(x,y), khi d6 theo [1] phuong trinh vi phdn ham hinh hoc
clia két cdu chiu lyc cing déu :

dy
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mang cé thé dudc cing gilta cdc ddy mém, nghia 12 giita cdc dudng khong dong phing va
chiing tao nén dang cu tric khdng gian. Nhu vdy, ta s& c¢6 cdc phuong trinh vi phan phi
tuyén biéu dién cho bé mit va cho cdc diy bién chiu luc cing déu (gid thiét chitu dai
khong d6i) ma viéc gidi vé mit todn hoc 14 qué phifc tap va nhiéu khi khéng thuc hién
dudc. Chinh vi thé, trong bai nay s& d& cdp d&n mot cdch xi 1§ phan t& hitu han dé x4c
dinh hinh dang hinh hoc ctia két ciu cing c6 dic diém néi trén.

2. COSGLY THUYET

B& mit lién tuc cla két cdu duge x&p xi bing mot s& hitu han cdc phin tif tam gidc
vdi kich thudc di nhdé dé ddm bio su hdi tu cho bai todn.

a. PHUONG TRINH CO BAN
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Nhu d3 trinh béy trén, cdc phan tif c6 do ciing udn bang 0, vat liéu déng hudng tuong
dudng v6i phan tf mang c6 bé day déu va siic cing b& mit khong déi.

Nhu vy két cfu chiu luc cing khong d6i c6 thé nhin dudc khi cdc phin t& mang va
cdc ddy doc bién dat dudc vi tri cin bing vao lic chua chiu tdc dung cdc ngoai luc thdi
tiét, chinh trong trudng hgp nay chidu dai day bién khéng ddi xem nhu 12 mét didu kién.
phu. _ -

Xét mgt phan tif mang tam gidc bat ky, trong phudng phédp chuyén vi, ching ta gid
thi€t riing Wng sut trong cdc phin tif tam gidc 12 khong ddi va d6 cing usn biing khong.

il' HIiNH 2

Ap dat cédc lyc phin tl tuong dng véi trudng dng suit khong d6i da gid dinh ox, oy
va txy (hinh 1) 1én phan td tam gidc, ching tuong dudng céc luc dit tai cdc dinh ma két
qué viét dudi dang ma trdn 12 nhv sau :[2] (phan ndy duge néi 15 trong [3])
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- trong d6 : ki =ki - kj (i,j=1,2,3;k=xy).
Phuong trinh (2) viét trong hé toa dd dia phuong xyz. Néu goi XYZ (hinh 2) 12 hé toa
do tdng thé thi vectd tdi {P}. viét trong hé toa do tdng thé XYZ s& 14 : [2]

{F} =MI". {P}.

trong do6 :
(4] [0] [O]

M]= |[0] [4] [0] 4)
(0] [0] [4]
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va .
ﬂ"{x ;{'Xy Ai':

[2]= Dy A (5)
ﬂ‘Zr ’?’Zy 7z

[A] : ma trdn bi€n ddi toa do trong d6 A 12 c4c cosin chi phudng céc truc clia hé toa
do dia phuong trong hé toa do téng thé.

Vi trang thdi dng suit 1a phing va chiu kéo déu (cdng d&u) nén ta cé :

ocx=0oy=00;tXy=0 (6)

Tir (2)-(6)ta cé :

n

1 -p
= — Yy — 2. o
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(7)

F o= 13 -n i 4 m § ks
T2l ymPn’ + p? I e + p? b 2
Theo 1y thuyét hinh vi phan, phuong trinh ctia mit phang dudc viét :
MX +nY +pZ+q =0 (8)

Phuong trinh cia mat'phing phan ti qua cdc nit i, j, k duge viét nhu sau :

X X, Y- Y, Z-Z .

detlX, -X; ¥-¥,  Z)-Z, =8z ()
XX WX 2T

tir (8), (9) :

m = Y;; Zy; - YiiZi;

n = XiZi- YaZji

p =XyYxi - YuYy
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Trong 46 :

Xij =X-Xi

Xi, Yi, Zi : Toa d6 nmit I trong hé toa d6 tong thé XYZ

Goi S 1a dién tich ciia mot phén tif tam gidc qua cdc mit i,j,k. phuong trinh dao ham
riéng cda S theo Xj, Y;, Z;

a8 1 -p n
e Yy = 7 B (11
ax, 2[\/mz +n’+p’ y \fmz+nz+p2 k]

o8 -l p m
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™ 8 - ki ki
0z, 2|:\/m' +n’ + p’ Jm? +n + p?

Dé thdy riing cdc phuong trinh (11) 12 tudng dudng véi cdc phudng trinh (7). Tuong
t, cdc phudng trinh dao ham riéng cla S theo X;Y;Z; va theo X YiZy 1a tuong duong véi
Fyi» Fyj,Fzi va Fyy, By, Fo. Vi th€, thanh phin chinh gid tri ditng cda tng th& ning (vdi gia
thi&t cdc luc cing khong ddi) 12 cdc luc cla phin t mang dudc gift khong déi trong qud
trinh cuc tiéu héa. Néu két cAu gom nhigu phan t (hinh 3) 12 cin bing thi theo [4] [5]
ham tdng thé€ ning c6 thé dugc viét theo dang nhu :

LY 8+ L ~€) (12)

u=l v=]

Trong d6 S,= dién tich ctia mdt phén ti tam gidc u; yy : nhan ti Lagrange

L,= Chigu dai phin it diy sau bié€n dang; C,= Chiéu dai ban dau ctia phén t day,
M= s6 c4c phan tif mang; n= s§ phan tl day

Su bién ddi ciia chidu dai ciia phin ti ddy doc bién v dugc dién td nhu sau :

" Ly=Cy= X3 +¥2+Z3 —\/X’ +¥i+ 2 (13)

X,.Y,Z : hé toa d6 niit ban ddu, X,Y,Z : Hé toa do mit sau bién dang

Trong phudng trinh (12) cdc bi€n dc 14p 1 cdc vi trf niit va cdc nhén ti Lagrange Yy
Tir digu kién dirng cda f theo X,Y,Z, ta c6 :

o o _oF i (14)
axX oxX oz
Nghia 13 :
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WXEYEZE)

(16)

Phuong trinh (15) 12 phuong trinh cdn bang tai céc nit
Tit didu kién dirng khdc d6i véi céc ¥y, ta c6 didu kién céc diy bién khdng ddi, nghia

LV—CV':O

(7

Phuong trinh (16) va (17) tao nén c4c phuong trinh c¢d ban cla phan ti (phan t tam
gidc va ddy) véi cdc bién 12 vi trf cdc nit va nhan tf Lagrange v,.

b. PHUONG PHAP GIAI HE PHUONG TRINH CO BAN
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Viét lai phuong trinh cd s& dudi dang sau :

"o
S ZBX D%

= - 0X,

g nL
o Sior Za}"

= m aS n
=323y

(18)

=L -C,=0

r: sO niit, n : s6 phan i day.

C6 thé gidi hé phudng trinh phi tuyén (18) bing mot 3, tuy nhién & day ding phudng
phap lin Newton-Raphson cé thé trinh bay mot cdch vén tdt sau [6] :

Goi (X, Vi, Zi, ¥v) 12 161 gidi nhén dude & budc thif i, (x; + Ax;, Vi + Ayi, 2i + Az, Yy +
Ay;) 12 161 gidi nhan dudc & budce thi I+ 1

Hé phuong trinh tuyén nhdn dudce tng vdi lugng gia ting (Ax;, Ayi. Az, Ayi) c6 dang :

s+ 3 By 3 Braz + T P oy, b (37,27 =0
oy,

(19)

Tién trinh dugc 14p lai cho d&n khi dat dugc do chinh xdc mong mudhn.
Phudng phdp nay rat hiéu qué ddi vdi céc két cu 18n va 6 dang bé mit phiic tap

4. viDy

Ap dung cho mot s8 k&t cdu gom mang dugc cing gitta bdn cép (Hinh 4)

Chia 1u6i k&t c&u bao gom 48 phan th véi 33 diém niit (Hinh 5).

Gia thiét riing ban dau n6 c6 dang phing, cdc diém bién (A,B,C,D) bi chuyén vi mot
doan Ah va dang hinh hoc cin bing dau tién dugc tim thdy béng phép ling Newton-
Raphson. ' '

Dang cin bing nhin dudc st dung lai trong phén tich ti€p theo. Khi d6 ta cé mdt
dang khic vdi sy thay d6i vi trf cédc diém bién. Ung suét trong cdc phin ti mang dugc gilt
khong déi trong sudt qué trinh bién dang tit 16p phing ban dau tdi ch1eu cao clia c4c diém

bién mong mudn. K&t qua c6 dugc theo phuong cdch trinh bay trén ing véi mot bude thuc
hién trén Matlab cho ¢ Bang 1
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Bing 1

Nt X ¥ . Nt X Y A
1 50.00 00.00 | -17.50 10 | 09.15 00.00 | -00.77
2 29.90 04.60 | -07.61 11 | 18.13 00.00 | -03.08
3 14.97 14.97 | 00.00 12 | 30.16 00.00 . | -07.79
4 04.60 29.90 | 07.61 13 | 09.22 09.22 00.00
5 00.00 50.00 | 17.50 vi | 59.45

6 00.00 30.16 | 07.80 v2 | 59.72

7 00.00 18.13 | 03.08 vs | 59.72

8 00.00 09.15 | 00.77 va | 59.45

9 00.00 00.00 | 00.00

5.KET LUAN

+ Day 1a phuong phdp khd hiéu qua cho viéc xdc dinh bién dang ban dau cia
mdt k&t cAu chiu Ung suit cing déu, dic biét 12 vdi cdc két ciu 1dn, phifc tap.

¢ Phuong trinh cd ban nhan dugc nhu 14 bai todn cyc tiéu héa va viéc dp dung
phuong phip Newton-Raphson cho viéc gidi hé phi tuyé€n \

¢ Viéc phan tich trén c6 thé dugc dung dé kiém tra cdc bé mit cuc tiéu.

THE FORM FINDING OF TENSIONED MEMBRANE STRUCTURES
Chu Quoc Thang — Tran Canh Dung

ABSTRACT : In this paper, we will desbribe a method for finding the membrane shape and
the =dge curve shapes under uniform tension. A surface shape under uniform tension is
considered as a soap film stretched in a rigid frame. Its shape is expressed through a non linear
differential equation which is approximated to finite difference equations to give numerical
solution
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