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MAT 6N DINH KHf DONG CUA THANH HINH TRU
TUA TREN GOI DAN HOI €O CAN NHOT

NGUYEN DANG BICH, NGUYEN VO THONG

Nhw &3 trinh bay trong [1], mat &n dinh khi déng 13 hidu ting dic biét cda hién twong tw dao
ddng, disu kién xiy ra nhitng hiéu tng nay 1i sw thay ddi cic tham 8 cda lwe khf déng, ching
han nhwr sy ting gidm cia s8 Raynolds.

Bai bdo ndy 48 xuit mdt dang hyc khi d8ng, tim nghiém chinh xdc cda phwoag irinh vi phin
phi tuyén cé cin nhét, phin tich nhimg trudmg hop t61 han din dén sy mit 6n dinh khi déng

§1. PHUONG TRINH CHUYEN DONG

Phwong trinh chuyén déng cda hé ¢é cin nhét xem nhw hé mdt bic tw do cb dang:

G+ B+ co = M{p, &) (1.1)

¢ - gbéc quay cda thanh hinh tru .

J - m& men quén tinh khéi lwgng cla thanh hinh tru d8i véi g8 twa

B - dic trung tit din

M - md men cia hre khi déng d8i v&i ti€t didn gdi twa

Trong bai todn nay M(p, ¢) khéng phu thude hién vio th¥i gian va 13 ham cda vi tri v vin
t8c dao déng clda chinh thanh hinh try

2. LUC KHi DONG: DANG CHUNG VA CAC TRUONG HOP RIENG

Ta xét lwe khi ddng cd dang:
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M(‘P: 90) == R_s
©
Trong trwdng hop niy ta ¢d phrong trinh
@2
G+ 200 +wie = (a+ 1)70- (2.1}
& dsy
B c R
2U=7, wg»-_--j, a+1=7,

Phwong trinh (2.1) 13 phwong trinh vi phin phi tuy&n, de giii ta ding phép bién dai
1+au=p % p=(1+au)"t/e | (2.2)
véi phép bién déi (2.2), phwong trinh {2.1) dwge tuyén tinh héa vi dwa v& phwomg trinh:
i+ 271/'&, —aw?u = L:Jz (2.3)
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1) Trudmg hop a>0
" Khi 46 phwong trinh (2.3) ¢d nghiém

14 au = e [Crch(v? + aw?) /%t + Cash(v? + aw?)H/24)
& diy Cq, Cz - hing s3 tich phin
Biéu thic nghiém cé thé vidt dwdi dang
14 au= Ce V*ch|(»? +aw?) 2t 4 a)
& diy C=+/C%-C%, o = arth—=
1
C, @ - hing s8 tich phin
Gih st

u=1uy, =1y khi {=0
Tir (2.4) cic h¥ng s8 tich phin dwoce xde dinh qua cic ditu kién dau.

. _atg + v{aug +1)

Cy = aug + 1, C, = m

Co \/E(auo +1) [w2 _ at? B 2rig ]1/2
V2 4 aw? {

atig +1)2  aug+1
Céc hing 8 tich phin ciing c6 thé x4c dinh qua didu kign dau:

=90, ¢=t¢o khi t=0

Duwa vio (2.2) ta c&
(a+1)

= —p ©

Tir (2.2), (2.8) suy ra:

V—a— . -2
.= — e %o — o, | @ 2 o _
leﬁoc ) Ca =, Vo2 * aw? C =g ‘\.Iyg_{_an {W +2V¢P0 G‘P

Thay (2.5) vio (2.2) véi hing s8 tich phin tinh theo (2.9) ta dwec '

e(”/a)t

e= le“chl/“(\/:.l2 4 aw? -t+ a)

{2.4)

(2.8)

(2.7)

(2.8)

(2.9)

(2.10)

- Nghiém (2.10) ¢§ tinh chdt don ddc vi 6n dinh, tinh trang mit &n dinh khi déng x4y ra khi

C =0
Ti (2.9) suy ra didu kién m&t &n dinh khi déng 13:

2
a= w2% + ?.yg{l
¥ o
2) Trudng hop a=0
Khi @6 cdc phwong trinh (2.1) c6 dang

=2
¢+ 2w +wip= %
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| (2.11)

(2.12)




Phép bién d8i thich hop suy ra t¥ phép bidn 44i (2.2) 13

u

p=e Y, = —lnp
Véi phép- bidn di nay, phuong trinh (2.2) dwa v3 phwong trinh gidi dwoc

4+ 2vi = w?

Phwong trinh (2.14) cé nghiém
1 2 UJZ 2mt
= —— _— — - i
“ 2w (CO 2y)‘+ 2v +F}16
& diy : Co, Cy - hing s6 tich phin
Tir (2.15) cc hing s tich phén dwoe xdc dinh qua didu kidn diu (2.6)

L fw?
C[]:ZVUO‘FT:A'-U, Cl=—(w——u0)
2v \2v

Ci4c hing s8 tich phin ciing c6 thé xdc dinh qua didu kidn diu (2.7)
Dua vido {2.13) ta cé:

o
U= —=
©
Tir (2.12), (2.16) suy ra:
Co = ~20lngo — 22 c:i(£+@)
¥ L R AV P

Thay {2.15) vio (2.13) v&i hdng 8 tich phan tinh theo (2.17) ta dwoc

w? -
© = gy eXp ( - Et) €exXp [01(1 -— € 2”)]
& diy hing s8 tich phin C; dwoc tinh theo (2.17)
Khi v > 0 (2.18) 13 nghiém c6 t{nh chit don d8c va dn dinh
3) Trwomg hop —:—; <a<0
Theo (2.9), hdng s8 C 1 dai lwgng thyc khi

- -2
w? + 21/@ - aE% <0
Yo Yo

B&t ding thirc (2.19) dwoc thda man khi

v+ /2 + aw? < o < v — /2 4 aw?
a

. (PO a
khi d6é nghiém (2.10) 13 nghim cé tinh chit don dfc v on dinh khi v >0
2
4) Truwomg hopa=-b< —V—2

Trong trwong hop niy phuong trinh (2.3} c6 nghiém

1+bu= e""t(Ai cos v/ bw? — p2 £ + Ay sin v bhw? ~ o2 t)
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& diy A,, A, - hing 8 tich phan .
Bidu thirc nghidm cé thé viét dwéi dang khic

1- bu = Ae ¥ cos [{bu? — uz)I/Zt -4 | (2.22)

& day A= /AI+ A P = arctg , A, ﬁ hing s8 tich phin. Céc hing =& tich phan nay cé
thé xdc dinh qua didu kién diu (2.7‘

: 1/2
A= b +ul b‘oo} (2.23)

bw? — 2 [w Yo ¥
Thay nghiém (2.22} vio (2.2) véi hing =68 tich phin tinh theo (2.23) ta dwoe:
o= AMbem Bt cost/h [{buw? — V2)1/2t -8l (2.24)

2

v
Nghiém (2.24) 12 nghiém tuin hoin vA mit én dinh khi déng khi b= —
. ' w

KET LUAN

1. Nghién c&u tinh trang mat én dinh khf d3ng bing cich tim nghidm ddng cda phrong trinh
vl phin mé t4 hidn twyng tuw dao dong khéng nhirng tim dwoc dign kién mit Sn dinh khi ddng ma
cOn biet dwoe ding dién cia trang thai mat 6n dinh khi déng

. 8w thay 48 tham s8 cda lwe khi d8ng chinh 13 nguyén nhin giy nén tmh trang mat n

dinh kh; déng. & i khodng bifn thién khic nhau cia tham s8 #ng v&i mdi difa kién va trang
thai mit on dinh khdc nhau cia hién twong tw dao ddng

3. Phwong phép gidl bai todn ndy goira ¥ twdng cb nhu’ng 16p phwong trinh vi phén phi
tuvén cé thé tim cich gidi ding.

Céng trinh nay dwoc hoan thinh véi sw -t tro cla Chuwang trinh Nghién ofru co ban trong
finh vae Khoa hoc ty nhién
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SUMMARY

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

The aerodynamical instability is a special effect of the self-oscillation phenomenon. The oc-
curence condition of this effect is the change of the acrodynamic 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-linéar differential equation with viscous resiraint and analyse critical cases leading to the
aerodynamic instability.

The obtained result gives an idea in exactly solvmg some non- lmea,r differential equation
classes.




