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NGUYEN DANG BlCH, NGUYEN VO THONG 

Nhu- di trlnh bay trong [1], mat 5n djnh khi d{mg Ht hi~u li-ng d~c bi~t ella hi~n tU'qng tl! dao 
dc?ng, dfeu ki~n xfiy ra nhfrng hi~u li-ng nay ll Sl! thay d5i cic tham sb crl.a hrc khi Ji}ng, ching 
h~n nhu sv- tang gik cda sO' Raynolds. 

Bai b<Lo nay d'e xuit m9t d~ng hJc khf di}ng, tlm nghWm ch:inh xic cUa phrr0'1lg trinh vi phin 
phi tuye'n c6 d.n nh&t, phin t:kh nhirng trrrCmg hqp t&i h<_tn din de'n sv mit cln d!nh khi d$ng 

' ~ A 

§1. PHUONG TRINH CHUYEN DONG 

Phrrang trlnh chuy~n dQng cUa h~ c6 dn nh&t xem nhu h~ mi}t b~c tv- do c6 d~ng: 

J<p+ fJ<P + C<p = M(<p, <P) 

<p - goc quay cda thanh h\nh tr\1 
J - mO men quin tinh kh5i lu-qng cUa thanh hlnh trv dbi v&i gOi tva 
{3 - d~c tnrng t itt d'an 
M - roO men crl.a hrc khf di}ng dO'i v&i tie't di~n gO'i t\fa 

(l.l) 

Trang bai toin nay M(rp, )b) kh&ng phv thw;>c hi~n vao thCti gian va la ham cti.a v! tri va v~n 
tile dao d{mg cda chinh thanh h\nh tr\1 

2. LlJC KHf DQNG: D4-NG CHUNG VA cAc TRUONG HQ'P RIENG 

Ta xet Ivc khi di)ng c6 di!-ng: 
·2 

M(<p, <{;) = R'£..., 
'P 

Trang tru·Ong h9'P nay ta. c6 phu-ang trlnh 

(y diiy 

·2 

<P+2v<{;+w 2<p= (a+ 1)'£... 
'P 

R f3 
2v= J, 2 c 

w =­J' a+ 1 =­
J' 

Phrrang trlnh (2.1) Ia phuang tr\nh vi phi\n phi tuye'n, d~ giii ta dung phep biiOn dC:i 

'P = (1 + au)-lfa 

v&i phep bie'n dBi (2.2), phrrcmg trlnh (2.1) drrqc tuygn tinh hOa va duca v~ phrrcmg trinh: 
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(2.1) 

(2.2) 

(2.3) 



1) Tmemg hqp a > o 
· Khi d6 phU'O'ng tr1nh (2.3) c6 nghi~m 

1 +au= e-vt [ C1ch(v2 + aw2
)

1 i 2 t + C2sh(v2 + aw2
)

1i 2 t] 

It day C,, C2 - hhg sil tlch phil.n 
Bi~u thU:c nghi~m c6 th~ vie't drr6i. d<!-ng 

Cz 
It day c = vc'f- c:;, "= arth­c, 

c, a- hKng s8 tich ph3.n 
Gilt sll-

u = u0 , U = ti.o khi t = 0 

Tlr (2.4} cic h~ng s5 tich phin dugc xa.c djnh qua d,c di'eu ki~n d~u. 

cl = auo + 1, C 
_ au0 + v(au0 + 1) 

2-
-../v2 + aw2 

ya(auo + 1) [ 2 au~ 2vuo ]1/2 
C= -../v2+aw2 w - (au0 +1)2 -.auo+1 

cac h~ng s5 tich ph§.n cling c6 th~ x3.c dinh qua di'eu ki~n d'a.u: 

<p=<po, <P=<Po khi t=O 

Dva v1w (2.2) ta c6: 

Tir (2.2), (2.8) suy ra: 

<Po v-a-
G _ -a <po 

2-'Po V z+ 2, v aw 
-av a [ 2 <Po P6j'i2 

C = 'Po · 2 2 w + 2v- - a 2 v + aw t.po 'Po 

Thay (2.5) vao (2.2) v&i hlng sil tich phan tlnh theo (2.9) ta dtr\'"c 

(2.4) 

(2.5) 

(2.6) 

(2.7) 

(2.8) 

(2.9) 

(2.10) 

Nghi~m (2.10) c6 tlnh chiLt dan d<)c va iln djnh, tlnh tr~ng milt iln djnh khi d9ng xiiy ra khi 
C=O. 

Tir (2.9) suy ra di~u ki~n m;;:t i'ln djnh khl d</ng Ia: 
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a = w2 ~~ + 2v ~0 
'Po 'Po 

(2.11) 

2) Tmemg hqp a= o 
Khi d6 cac phtrang trlnh (2.1) c6 d~ng 

·2 
.. 2 . 2 <p <p+ v<p+w <p=- (2.12) 

'P 

2 

I· 



Phep biil'n d6i thich h<?'P suy ra tir phep bie'n d6i {2.2) Ia: 

-u 
p=e ' u=-ln\0 

V&i. phepbie'n d6i nay, phrrong trlnh (2.2) drra v~ phrrong trlnh gi!U drrqc 

Phmmg trlnh {2.14) c6 nghi%m 

& diy : Co, 0 1 - h~ng s& tfch phin 
Tlr {2.15) cac h~ng s6 tichphan drrsrc xac djnh qua dih kWn dliu (2.6) 

Co= 2vuo + Uo, 

Cic hang sO t:ich phin ciing c6 th~ xic d~nh qua di~u ki~n d'au (2.7) 
Dva vao {2.13) ta c6: 

• <P 
U=--

Tlr {2.12), {2.16) suy ra: 

<Po 
C0 = -2vlnl"o--, 

\Oo 

\0 

Thay {2.15) vao {2.13) v&i. hhg siJ tich phiin tinh theo (2.17) ta drrqc 

\0 = \OO exp (- ~>) exp [C1 (1- e-2
"')] 

& day hli.ng s6 tfch phan C1 drrqc tinh theo {2.17) 
Khi v > o {2.18) Ia nghi~m c6 tinh cMt dan d<}c va 6n djnh 

2 

3) Tr1r0ng h9'P- : 2 <a< 0 

Theo {2.9), hhg s5 CIa dei hrsrng thvc khi 

• •2 
2 \Oo \Oo w + 2v- - a-z < 0 

\Oo \Oo 

Bitt dllng thrrc {2.19) drrqc thda man khi 

"+ yv2 + aw2 <Po "- yv2 + aw2 
--'---'--<-<--'----

a !.po a 

khi d6 nghi~m {2.10) Ia nghi%m c6 tfnh cMt dan d\>c va 6n djnh khi" > 0 
"2 

4) Tm<mg h9'P a= -b < --. - w2 
Trong ttU"(mg h\'P nay phrrang trlnh (2.3) c6 nghi~m 
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{2.13) 

(2.14) 

{2.15) 

{2.16) 

{2.17) 

{2.18) 

{2.19) 

{2.20) 

{2.21) 



& day A 1 , A2 - h~ng s5 tich ph an 
Bi~u thtl-~ nghi~m c6 thg vie't d-~.r&i d<fng khic 

(2.22) 

· Az 
& a5,y A= y' AI+ A~, f3 = arctg Al ! A, j3- h!ng sO tlch phan. cac h!ng sO tich ph5.n nay c6 

th~ xic d!nh qua di'eu ki~n d'au (2. 7) 

bv b [ 2 <Po <P5J'/2 

A=<p0 b 2 2 w +2v~+b--, 
w - v 'Po Po 

Thay nghi~m (2.22) vo.o (2.2) v&i h~ng s5 tich phan tinh theo (2.23) ta drrqc: 

'P = Al/be-f' cosl/b [(bw2- v2jl/2t- ,8] 

Nghi~m (2.24) !a nghi~m tull.n hoim va mgt 6n djnh khi dqng khi 

K A 

KET LUJ)..N 

(2.23) 

(2.24) 

1. Nghien c-6-u tlnh tr<;tng mit 5n d!nh khl d9ng blng cich tlm nghi~m dUng cda phrrang trlnh 
vi ph&n m6 tl hi~n tu·qng tV' dao di?ng khOng nhfrng tlm dm!c cii'eu ki~n mat 6n d!nh kh:l dQng rna 
dm bigt drrqc ding di~u ella trq,ng thii m~t 6n dinh khi dQng 

2. S•.r thay d5i tham s5 cda hrc khi dQng chlnh Ia nguyen nhin ·gay nen tlnh tr~ng m5t 6n 
dinh khl dQng. 0 m6i khoing bie'n thH~n khic nhau cti.a tha:ffi sb li-ng v&i m6i di~u ki~n va trq.ng 
thai m5:t On dinh khic nhau ella hi~n tuvng tv- dao d:Qng 

3. Phmmg phap gi!..i bai toan nay gqi ra y trr&ng c6 nhii-ng l&p phuang trlnh vi pharr phi 
tnye'n c6 th~ tlm c<lch gilti dUng. 

COng trlnh nay dm;rc hoan thimh v6i Sl! tai trq -·cUa Chudng trlnh Nghien cUu CO' bin trong 
llnh VlJ."c Khoa h9c tv nhien 

D}a chi: Nhgn ngay 24/12/1993 
Vi~n Khoa hqc Kfi thugt Xdy d'[ng 
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SUMMARY 

ON THE AERODYNAMICAL INSTABILITY OF CYLINDRICAL BARS BASED 
ON ELASTIC SUPPORT WITH VISCOUS RESTRAINT 

The aerodynamical instability is a special eff~ct of the self-oscillation phenomenon. The oc­
curence condition of this effect is the change of the aerodynamic parameters, such as the increase 
and decrease of the Reynolds coefficients. 

In this paper the authors present an aerodynamic form, look for an exact solution to the 
non-linear differential equation with viscous restraint and analyse critical cases leading to the 
aerodynamic instability. 

The obtained result gives an idea in exactly solving some non-linear differential equation 
classes. 
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