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Tém tit

Trong két cdu co khi cia tau, thuyén va cac thiét
bi thugc linh viec hang hai, co rét nhiéu chi tiét
dwoc ché tao ¢6 hinh dang tdm, vé, dam cé tiét
dién thay doi. Viéc tinh todn trang thai iing sudt
bién dang ciia cdc chi tiét dang nay ngay cang doi
hoi ¢o dé chinh xdac cao hon. Bai bao trinh bay
phirong phdp nghién ciru iing sudt ciia dam cé tiét
dién thay doi theo Iy thuyét phi c6 dién. M6 hinh
toan hoc duwoc xdy dung dua trén hé phuong trinh
theo 1y thuyét dan hoi. Céc gid tri chuyén vi, img
sudt dwoc phan tich dwoi dang cac da thirc bdc
cao hon so véi phwong phdp c6 dién. Két qua tinh
todn cho thdy cdc gid tri tng sudt tai vi tri ngam
chdt cao hon déng ké so véi phwong phdp cé dién.
Tir khoa: Ly thuyét dam, tdi trong, dam c6 dg day
thay doi, ung suat bién dang, ly thuyet phi co dién.
Abstract

In the mechanical structure of ships, boats and
equipment in the marine field, there are many
details that were manufactured in the shape of
plates, shells, beams with variable-thickness. The
calculation of the stress-deformed state of such
parts is increasingly demanding with higher
accuracy. This paper presents a method to study
the stress of beams with variable-thickness
according to  non-classical  theory. The
mathematical model was based on the system of
equations according to the theory of elasticity. The
values of displacement, stress are analyzed as
polynomials of higher order than the classical
method. The calculation results show that the
stress values at the fastening position are
significantly higher than that of the classical
method.

Keywords: Beam theory, loads, variable thickness
beam, stress-deformation, non-classical theory.

1. Mé dau

Ngay nay, nhiéu chi tiét va san pham co khi, dién
tir trong cc nganh cong nghiép, hang hai duogc thiét
ké dudi dang cau trac vo, tim va dam c6 do day thay
d6i. Pdc diém hinh hoc cua chung 1a ¢6 mit phing
dudi nghiéng mot gbc nao d6 so voi mit phing trén.
Céc tinh toan k¥ thuat cia tat ca cac loai mdi ndi, vi
tri 1ap ghép bao gdm mit bich, han va két dinh, duoc
sir dung dé gin chit cac phan tir két ciu thanh mong,
dua trén két qua cia 1y thuyét c6 dién Kirchhoff -
Love. Ly thuyét c6 dién dé tinh toan trang thai tmg
suét bién dang cua tim, vo duoc trinh bay trong tai
liéu [1].

V6i su phat trién cta cong nghé thong tin va toan
hoc, ngdy cang c6 nhiéu phuong phap sd, phuong
phap phi c6 dién cho phép tinh toan véi o chinh xac
cao hon. Cac phuong phap phi c6 dién cua A.L.
Goldenveizer, V. V. Vasiliev, S. A. Lurie vé 1y thuyét
tam vo duoc trinh bay trong céc tai liéu [2, 3]. Trong
d6 str dung phuong trinh trang thai tmg suét bién dang
3 chiéu theo ly thuyét dan hoi, va cac chuyén vi dugc
phén tich thanh cac da thirc bac cao hon so voi ly
thuyét c6 dién. Trang thai ung suét bién dang cta vo
try, tim chir nhat theo phuong phap cua V.V. Firsanov
duogc trinh bay trong cac tai li€u [5, 6]. Trong do, h¢
phuong trinh can bang va cac diéu kién bién thu dugc
bang cach sir dung phuong phap bién phan Lagrange,
hé phwong trinh vi phan bac cao véi hé sé thay ddi
dugc giai bang phuong phap sai phan hitu han.

Trong bai bdo nay, tac giad trinh bay nghién ctu
tinh toan tmg sudt cua dim c6 tiét dién thay dbi. Viéc
xdy dung hé phuong trinh trang thai ing sut bién
dang day du cua ddm duoc thuc hién tuong tu phuong
phap tinh toan cho tim vt liéu composite hinh chir
nhat trong tai liéu [4]. Khi giai bai toan, phép chuyén
sang hé toa do xién duoc sir dung, diéu nay cho phép
ta dwa hé phuong trinh vi phan vé hé phwong trinh
Euler. Céc gia tri chuyén vi, (g suit duoc phén tich
dudi dang cac da thitc bac cao hon so voi phuong
phap cd dién.
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Dua trén bai toan bién da duogc xay dung, bai bao
da tinh toan Gng suét cho dam co tiét dién thay déi, va
dura ra nhan xét cac khac biét vé két qua so v6i phuong
phap cb dién.

2. Pbi twong va phwong phap nghién ciru
2.1. Péi twong nghién civu

Khéo sat ddm duoc ché tao tir vat liéu d'fmg hudng

chiu tai trong ¢g(x) trong hé toa d9 (x, z) (Hinh 1).

Hinh 1. Dim cé tiét dién thay doi

Dé x4c dinh, chiing ta gia st rang canh x = 0 cia
dam duoc kep chat. Canh con lai x =1 cia dam c6 thé
c6 dieu kién bién bat ky, tu do, twa, ngam chat, chiu
tai cac lyc nhu m6 men udn va luc cat. B9 day thay
do6i ctia dam 24 dugc xac dinh bdi cong thire:

h=h, —x-tg(a). (1)

Trong dé:

tg(a) = (hy —hp)/1. )

Tur hé toa do (x, z), chung ta s€ chuyén sang hé toa
do xién (x;, z;) theo cOng thirc sau:

X = x/cos(a), z; =z+X-sin(e). 3)

Céc bién doc 1ap khong thir nguyén duoc dua vao
theo cac cong thuc:

X =1-&lcos(a), z;=h-C. @)

Diéu kién bién ¢ mat phing trén va mit phing
dudi cua dam duogc xac dinh nhu sau:

Tai mit phang trén ctia ddm z =h

o, +29a-7,, =—q, (5)
7, +20a -0, =-20-1ga.
Tai miat phang dudi cia dam z; = —h
o, +29a-7,, =—q. (6)
2.2. Phwong phdp nghién ciru

He¢ phuong trinh vi phan cua bai toan phing ciia 1y

thuyeét dan hoi trong h¢ toa do Descartes:

X Z
(7)
9% 007 _y
X oz
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Céc chuyén vi va mg sut trong hé phuong trinh
(7) duoc phan tich dudi dang da thirc nhu sau:

w=w($), u=¢ly +Uy(&)
Oy =G0y + 001 Txz = é,ZTXZZ +CTxa t+ Ty0, (8)

3 2
o, =¢ O-z3+§ 072 +§O-zl+o-zo

Trong do:
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3 2
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2 o2 2 o&

Nhu véy chuyén vi va tng suit theo phuong phép
phi ¢6 dién dwoc biéu dién dudi dai cac da thirc bac
cao hon so v6i phuong phép cb dién, trong d6 dic biét
1a cc ung sudt o,va 7,,. Thay cac phan tich dugi
dang da thirc (8) vao phuong trinh cin bang (7) clia
dim, ta thu dugc hé phuong trinh vi phan cho céac
chuyén vi u va wy nhu sau:
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2 2
Yo _tgah, 20 _tgah, SW
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Trong d6: h. =h/l, cac di€u kién bién & canh
x=[ cia dam c6 cac truong hop nhu sau:

Truong hop ngam chat:
Ug=0, w=0, %:O.
og

Truong hop canh tu do, c6 dat céc tai trong nhu
luc tap trung, mé men udn:
Ny =N,My =M,Qy =Q

Trong do:
N, = 2Eh (0 _1ge M,
¢ o¢
2
M, = - ZEnh(h, 22 —tga ),
3 Py oc
3 2
Q, =—2en Gh2 Y Sigon T,
3 08 37 of
2 2
+tgzaa—vzv+h36—u20).
0s ¢

Hé phuong trinh vi phan bac cao (9) véi cac hé s6
thay di (do tiét dién cua dam thay ddi) va cac diéu
kién bién duogc giai bing phuong phép sai phan hiru
han. Sau khi tim dugc cc chuyén vi, thay vao (8) thu

dugc cac ung suit oy, ,, 7, ciia dim. Chuong trinh
tinh toan dugc lap trinh bang phan mém Maple.
3. Két qua va théo luan

Khao sat dam c6 do day thay ddi, chiu tac dung cta
tai trong phan bd déu Q =2-10°Pa. Canh x=0 cia
didm dugc ngam chat, canh x=/ ty do. Kich thuéc chiéu

rong, chidu dai, do day cua dam la: b=0,03(m) ,

I=1(m), h,=0,06(m). H¢ sb Poisson #£=0,3,

modun dan héi E =2-10" Pa.
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D6 thi ing suét o, & mat phang trén cua dam duoc
thé hién trén Hinh 2. D& thiy theo diéu kién bién, tai
canh ty do (£=1) thi ing sudt gdn nhu bang 0. Khi
d6 day hy tang 1én 3 1an thi img suat giam déng ké (10-
15%).

Hinh 2. Dé thi Gx ¢ mdt phing trén ciia dim

Do thi ung suit o, & mit phing trén ciia dam
(¢ =1) dugc thé hién trén Hinh 3. Gia tri o, thay doi
phu thudc vao hg va gia tri 1on nhét dat khoang 10°Pa.
Gié tri o, & mat phang dudi cua dim (& =-1) nho
hon dang ké so véi mat phing trén, gia tri 16n nhat
giam khoang 25-30% (Hinh 4). Khi d¢ day ciia dam
thay ddi (goc a thay doi), gia tri tmg sudt 1, thay ddi
nhiéu hon so véi ox (Hinh 5). O miat phang dudi cua
dam, gia tri Ty, gin nhu bang 0 (Hinh 6).

Hinh 3. Pé thi 6, ¢ mdt phing trén ciia dim

Nhu vay tai vi tri ngam chit, phuong phéap phi c¢b
dién cho két qua tinh toan trang thai (mg suat bién
dang cua dam véi cac gia tri ing suit o, va T, chiém
mot ty 1€ nhét dinh so véi ox. Diéu nay khac biét vi
mg suit o, duoc bo qua trong phuong phap ¢b dién.
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Két qua nghién ctru tinh toan cho dam c6 tiét dién thay
db6i theo phuong phap phi c¢b dién ciing phi hop véi
céc két luan trong cac tai liéu [2-6].

0010”0

Hinh 5. Dé thi Tx, 6 mdt phiing trén ciia dim

Hinh 6. Do thi Tx; 6 mit phing duwéi ciia dim
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4. Két luan

Trén co s tinh toan 1y thuyét va vi du cu thé trinh
bay trén ta c6 thé rat ra nhimng két luan sau:

1) Sir dung phwong phép phén tich cac thanh phan
chuyén vi cia dam dudi dang da thtrc bac cao so véi
1y thuyét co dién, da xay dung duoc bai toan bién xéac
dinh trang thai img suét bién dang cua dam c6 do day
thay doi;

2) Pua ra so sanh két qua tinh toan (mg suat ciia
dam theo 1y thuyét c6 dién va phi c6 dién. Tai ving
lan can bién, phuong phép phi c6 dién cho do chinh
xéac cao hon: Cac tmg suat phap o, va 1., ¢ su thay
dbi, tang thém dang ké so vai ly thuyét ¢b dién;

3) Bai bao da trinh bay phuong phéap phi c6 dién
dé nghién ctru tng sut dim c6 tiét dién thay doi. Két
qua tinh toan c6 thé 4p dung dé nghién ctru d6 bén cac
chi tiét dang dam, tAm, vo trong linh vyc co khi dong
luc, dong tau, hang hai.
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