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TINH TOAN BIEN DANG CUA VO TRU TRON
CO CAU TAO POI XUNG HINH HQC, CHIU TAI UON POI XUNG
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Tém tit:

Bai bdo trinh bay phirong phdp tinh todn bién dang ciia vo tru tron c¢é cdu tao doi ximg ca vé tdi
trong lan két cau hinh hoc. Trén cdac phuong dién tinh hoc, hinh hoc va vat ly, nghién cuu da dwa ra duoc
cong thire téng qudt tinh bién dang ciia vo tru tron chiu tai uén doi xing va dp dung cho nhiing truong hop
thwong gap. Két qua nghién civu c6 thé vmg dung trong phuc vu san xudt va dao tao bdc cao.

Tir khéa: Bién dang, Chuyén vi, Tdi trong, Mdt trung binh, Médun dan hoi.

1. Pit véin dé

Trong thuc té ky thuat, ta rit hay gap cac
bai toan vé vo tru tron cd ciu tao ddi xung tryc ca
vé tai trong va két cdu hinh hoc. D6 13 cac bai toan
xac dinh ung sut trong ndi hoi hinh tru chiu ap luc
hoi nudc, trong bé chira hinh tru ¢6 truc thing ding
chiu 4p luc cua chét 1ong bén trong ngam & day vo.
Do 1a hai vo tru chiu ap luc bén trong dugc ndi voi
nhau bﬁng mdt mat bich hoac mot dai gia cudng nao
d6 rat cing. Mbi ndi nay ngin can sy gidn no cua
mép vo lién két voi dai, duong sinh ciia vo & ving
gan dai bi un. Khi nghién ctru tmg suat nhiét trong
vo tru cho thiy rang néu nhiét do khong thay dbi
theo chidu day vo ma chi thay ddi theo chiéu dai vo
tru ta cling c6 bai toan thudc ho bai toan ké trén. Do
d6 viéc tinh toan bién dang ciia cic vo tru nay co
nghia quan trong trong thiét ké va san xuét.

2. DPoi twgng va phwrong phap nghién ciru
Bai toan dugc tinh toan trén mé hinh mot vo
tru tron doi xtng, chiu ap luc vudng géc véi mat vo.

Hinh 1

Mubn ¢6 cac phuong trinh can thiét dé tinh
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céc vo nay ta phai khao sat mot phan té duoc tach
ra (Hinh 1) tir mt trung binh ctia v6 bang hai mat
phing chira tryc vo 1am véi nhau mot goc d va hai
mit phing vuéng goc vai truc vo cach nhau mot
doan dx, trén ba phuong dién sau day: tinh hoc,
hinh hoc va vat 1y (Pinh luat Hooke).

3. Két qua nghién ciru
Két hop ba phwong dién tinh hoc, hinh hoc
va vat ly, ta di dén mot phuong trinh can béng theo
chuyén vi ding cho moi bai toan v& vo tru tron ¢
bién dang dc;)i xungz truc duori dang sau day [1]:
Zz(Dcii2 > zW qr(x)

(1a)

Khi h = const trén toan vo thi (1a) c6 dang
don gian hon:
d' W Eh
D d4 R W= qv(x) (1b)
Trong cac phuong trlnh nay q(x) la ap luc vuong
goc v6i mat vo; h — chidu day vo; E — md dun dan
hdi kéo (nén) cua vat liéu vo; R — ban kinh mat
trung binh cta vo.

Taky’hieu:k=%’;t=%;D=

Eh
12(1 - 4?)
NPT L, T 1_ 4D
12 d9 ctmg cua vo; p - hé s6 Poisson; m" =~

Vi bién sb méi khong thir nguyén t, ta viét
lai phuong trinh (1b) nhu sau:
d'w

D 1d4+kW qr(WIf)
Hay nhan ca hai vé véi 7 taco:
d' W+4
d4 w=At) )

Trong d6: f{1)= ;qr (mt) 12 ham tai trong ngoai.

Khi khong cé tai trong ngoai f(t) = 0, ta cod
phuong trinh thuan nhat tuong ung:
d'w
+4W = 3
g TAm=0 (€)
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Nghi¢m tong quat W(t) cua phuong trinh c6
vé phai (2) gdbm tong nghiém tong quat W ,(t) cua
phuong trinh (3)va nghi¢m riéng W ,(t) ctia phucng
trinh (2). Cu thé la:

w(t)=w(t)+W(t) 4)

Sau khi tim dugc cac nghiém cua phuong
trinh dic trung r* + 4 = 0 cia (3), Vién si Cruldp
da t6 hop dugc cac nghiém riéng doc 1ap tuyén tinh
nay dé c6 nghiém téng quat W, (t) cua (3) nhu sau:
Wi(t)=CV(t)+Clh(t)+Cl(t)+CuVil(t)

()

Céac ham Vk(t) (k=1,2,3,4)cotén goi la

ham Crulbp va c6 dang cu the

Vi(t)=chtcost; Va(t)= 7(chtsint+shtcost)'

Vi(t)= 2cht sint V4(t)—4(cht sint - sht.cost)

Cac ham Cruldp co cac thugc tinh quan
trong sau day:

V() == 40i(1); Va(0)= (0); Va(0) = Fal(e);s
Vi(t)=1s(1) (7)

Vavéit=0 thi:

V,(0)=1:V,(0)=V,(0) = V,0)=0;  (8)

Cac thudc tinh nay giup xac dinh dé dang
c4c hang sb C, trong (5).

Muc dlch cua nghién cu’u nay 1a nhdm cb
gdng thiét 1ap mot cong thirc téng quat duy nhat
nghiém riéng W ,(t) sao cho vira don glan va vua
d& str dung cho moi quy luat chat tai ddi xung 1én
vo. Theo phuong phap toan tir Laplace, ta ky hiéu
ham anh hudng cua ham ban dau (ham gbc) W L, 1a
O(P)voiPla tham s6. Anh huéng cua tai trong f(t)

1a ham F(P)=P f e f(t)dt . Quan hé nay dugc
0

ky hi¢u la: F(P) f(#); quan h¢ vi phan gitra
ham anh va ham ban dau W, (t) theo céac dinh 1y vi
phan trong phép toan tur thi:

Wi (t) —— PO W () - P*®

wi'(0)=P®; Wy (1= P'®

Thay cac quan hé nay vao (2) ta c6 phuong
trinh sau day:

P'®+4.0=F(P)

hay: (P'+4).®=F(P)

Do d6, anh cta ham ban dau (ham gdc can
N _ 1
tim) la: ® (P) = Pia .F(P) )

Khai trién ra cac phan s6 nguyén t6 doi voi

L tacor

P'+4 '

1 _1 _P+2 1 P-2 (10)
P'+4 8 (P+1y+1 87 (P-1F+1

Thay két qua nay vao (9), ta di dén ham anh

cua ham cén tim:
P+2 1 P-2
o (P -5 : .
R sy el By

F(P)
(11)
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Ham gdc twong tng voi anh (10) la:

%[e"t costtelsint-e .cost+e.sint]
= %[chtsint - Shtcost]=Vi(t)

Ta tim dwoc ham ban dau 1a nghiém riéng
W,(t) ciia (2) nhu sau:

O(P)= F(P)

V()f(t) = f(t). Vi(t)

P+1

=jm(r—r)f(r)dr =jﬂt-r)m(r)df= w(t)

0

t
hay: (1) = [Vile-T)AT)dT (12)
0
‘Theo (4), nghiém tong quat cua phuong
trinh day du (2) la:
W(t)=CVi(t)+CVa(t)+CsVa(1)+CuVi(t)

+fm(t-r)ﬂr)dr (13)

Chu ¥ dén cac quan hé (7), cac dao ham cua
W (t) nhu sau:

ws(t) st(t mAn)dn

W (t)= sz(t mfn)dn
=/V1 t-m)An)dn

Céc quan hé nay la dé tinh toan cac thanh
phin ndi luc va xdy dung cac diéu kién bién trong
v6. Cudi ciing tir cac diéu kién bién da duoc xac 1ap
ta duogc héng $6 C, Qz, C,C,

Céc thanh phan néi lyc trong vo dugc tinh
theo cong thirc thong thudng theo W(t). Cu thé 1a:

EnW(t) JZW

Ny =- R M UMI,M

Cong thirc tong quét (12) cho phép xac dinh
nghi¢m riéng W (t) véi quy luat chat tai bat ky lén
v6. Ta haly khao sat mot s truong hop thuong gép:

a) Truwong hop tai trong phin bé déu doc
theo dai hep dwong sinh vé (Hinh 2):

Hinh 2

Ta dat g,(1) = qo = const (OStS%: 1)
theo (12) ta co

Wo(t)= qofW4(t T)dtT =-ZqofV1(t T)dv
:%qo(l - chtcost)
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b) Khi tdi trong phdn bé déu trén mét doan Goi 8(x — a) 1a ham xung cua Dirac, ta c6 thé
[a;b] cua ddai dwong sinh (Hinh 3): viét phuong trinh (1b) theo 6(x — a) nhu sau:
chian- B = 4 b
Takyhigu: 1= ;ﬂ2=f,(ﬂ1§t§ﬁ2) DddV4V+kW 708 (x-a)
Khi dé:
B2 B2 d4 W qo
Wz(f):q()f%(t'f)d’b':%qofVl(t-T)dT =" g4 Taw= 2 0-B) (15)
I
Thuc hién cac phép tinh nhu truong h
qolVi(t-PB2)-Vi(z- )] X y piep z P

q,(x) €6 quy luat bat ky & trén ta s& di dén phuorng
trinh anh cua (15) la ®(P)= P4+4 1. kL va

9
nghiém riéng cua (15) c6 dang:
y
o _a_ b X Wi(1) =2 Vile-an).o0(i- )
k O day o,(t — ) 1a ham xung don vi cua Heaviside.
1
Hinh 3

4. Két lugn

Nghién ctru vira giéi thi¢u cho phép g1a1
quyét hai nhiém vu rat co ban Ia phuc vu san xut
va dao tao bac cao. V& phuong dién ting dung vao
san xuat né 1a cong cu déc luc gitp cac nha thiét ké

¢) Truong hop tdi trong tdp trung phéin bo
deu tai x = a trén mot vanh ¢é chu vi mat cat tron
(‘7 = B1) (Hinh 4):

h nhanh chong thu dugc c%u tré} lc‘yi' chinh xac v,é do

* bén va do cting cta vo dé thiet ké mdt cach toi uu

% % nhit ca vé thoi gian, strc Iy va tién bac: Vé phuong

Ol - 90 B - 8 dién dao tao, né cho phép nang cao chat lugng, ndi

dung dao tao nham chéng su thiéu hut kién thirc cho
cac hoc vién sau dai hoc trong diéu kién quy thoi
gian qua eo hep trong khi khéi luong kién thic can
Hinh 4 cho ho ngay mot nhiéu.
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CALCULATING DEFORMATION OF CYLINDRICAL SHELL
WITH SYMMETRICAL GEOMETRIC STRUCTURE, SYMMETRICAL BENDING LOAD

Abtract:

This paper presents a method for calculating the deformation of the cylindrical shell with
symmetrical structure both in payload and geometric structure. In cornerstones of statics, geometry and
physics, researcher have come up with a general formula for calculating deformation of cylindrical shell
with symmetrical bending load. The research results can be applied in the service of production and higher
education.

Keywords: Deformation, Transposition, Load, Average Surface, Elastic Modulus.
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