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 BAL TOAN FLUTTER CUA CAU TREO €0 Kk TG‘I LU’C*

' NGUYEN VAN FINH

Pai.toan flutter clia ciu treo khi bd qua lyc cin, bing cach siF dung phugn
Galidrkin, trong [2, 3] 4 @woc khio skt véi gid thiét ham luc ning vA mé men khidd
bidu din dméi dang ham Theodolsen Trong badi may tiép tuec nghién ctru hai toén qutter. _

cia cAun treo khi cé k& téi lue cin.

. Dira theo tai ligu [1. 4, 5} thi lyc cin trong dao ﬁong uén cé inh huong khéng S

dang k¥ t6i git tri tda t6c d¢ gié t6i han cho nén & diy ta efing chl khio sat khi k¢’ .
téi hre cdn trong dao ddng xodp. Két qui ctia bai toan 14 A4 thifl lip dwoc cdng thu'c“ i

gan dang lién hé giga t6c 49 gid t&i han va sac tham s6 kbéc cfia dao déng.

-§1. THIET LAP PHUONG TniNH DAQ BONG BON qu uON VA xoim

DEi voi chu treo dim cirng hai dau g6i tya (hinh 1) thi phu’ong hmh Vi ph&n‘ .

. chuy&n dfng clia clu cb thd viét dum dang sau day:

Hink ‘1

iV + mq + § = pP*,

. El,0Y —GJafi*’ mrzﬁ 4 om o= M¥
tmng a6 P* va M* 1 lyc ning v3 ‘md men kbi déng;
8 14 hye-tac dung trong thanh giiug ;
mt 12 mbé men xofin do cdc lwe S1 va Sz gay ra (hinh 2);
H la lyc kéo ngang trong day caps :
' Té hinh v& to théy:

i~ q bl q2= q + b

clia céc Ige tir cac thanh giing la:
S.=81+ S2
va chiju téc di_mg clia mémen :

™t = b{S2 — §41)

Hoh theo ede edng thies

(1.1)

(12)

Trén cd ifi dién cla ciu sé ch:u téc dung

(13)

(1‘ 4)

’\Iat Ichéc lac -t sée- thanh glang du'ofc
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S1 = = (Hid + Hg) {57 + qp' ) S2= — (Haa + Hg) (v + q3) (r 5)

Trong d6 Hld vé Hag lin lwot [4 lye kéo ngang ddug lyc elia ddy cip hén irdd w4
ban phidi; ¥y == d idx?, véi v 12 ham hidu difn dgng han diu cfia day cap.

Thav Lic gia Ir] cla Si va g tir - (1 5) vio {1.4) va (1.3) ta duqc )

| S= = (Hia+He) (7" 4 o) = (Hua + HY O+ @ (16)

- ‘mt = bj— (sz FH) 7+ qy ) 4 (Hld + Hg) (y +qi )} B ¢8)
Tit bidu thire (1.6) ta o6 : o B
S = — 2y 'Hg — v”(Hm + Haa) — (Hm +I—I«) = (Hzq + Hg)qg {1y

Theo [ﬁ] ihi 56 hang 2y ’Hg s& cén Dbing véi 141 trong tinh tac alung frén mﬁt
don vi dai efia ciu, mit khac theo {1.2) thi- . ‘

| T T, G = b
cho Bén tir (I 8) ta duge
8 = ———y"(IIId + Hza) — (Hia + sz — 2Hg)q” + b{H1a -flzd)ﬂ”

Thu-c hlén phép nhin va sau khi ba cir' sG hang phi tuyén ta cé H .
= — v”(Hld + Hza) — 2Heq” . (1.9)
Ter‘T’g fur d8i voi mt -
ome= Dy (Hia + Hza)~—2b2H A (0 L L

Trong céc bidu t]urn (1. 9) va (1.10) thi lre kéo ngang dong lye Hid va Had trong
‘dao d¢ng hdn hop udn va xo#n dwge. xde dinh theo edng thﬁ-c H :

1 . 1 ‘
EFe |, - . o - .
Hiq = T ¥ qi(x dx =k "} q1(x, dx. .
‘ o : 0 . C {1.11)
_ I ‘ P ’
FeFo .. f - ‘ - ' '
Hza = [P qa{x, dx = k qa{x, t)dx. _ -

o] .O
BAy gis thay (1.2) vao (1.1) ta c6 :
1 o1 : : | 1
\H]d =k I q(x, Ddx — kb j 8(x. t)dx, szé k I qdx + kb j_ﬁclx- {1.12)
. o 0 ' o 0

Céc bida thiee (1.12) cho ta thiy Hi1g va Hae phit sinh 12 do dbng thoi cd dae'
dong xofn Vi dao déng ndn, viy néa k¥ hidu:

1 1
HY = & j‘ g(x, tdx, H M kb f B(x, dx ' (112)
‘ - ‘0 . a . : .
thi (1.12) duge viét ‘du(ﬂ dang :

S H1d=ﬁ5“ﬁﬁ‘, Hz&xﬁf;-%ﬁﬁ‘
vi do 26 i '

Hig — Hza = — 2HY, Hig + Hpq = 2HY. s (14
Thay he tbu‘c {14 vao (1.9 vy (1.10) ta nhian duoc
:\ = ﬁv”HP - ’ng sy iy oo 2}):‘(”3“ - 2])2}1 8" : (1.15)
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- Préu éo s& cha (L1 v 1.10) cudi eung ta nhan duge phuong trinh dao &Gng GHn
va xoin hdn hgp nha saw: . | . ]
B v + - _ 2P — 9H e — :ﬁ«, ] )
q m g 23 HY A 8 q .,,P _ {Iiﬁ) :
CEJMY - (Gl 20" — aby”HY 4 mr?8 = % L

§2. GIAL BAI TOAN DAO DQN“G FLUTTER €O X TOT LYCGAN ©  ©

Bé iim duge cong thl‘rc 'Tﬁ.n ding clia tde 4 gié téi han lheo cae tham_ -28 i
ta cé th® sfr dung luwe llang vai md men khki C'Iong dwdi dang sau day {1, 4] Lo
p* = BYP};v(ve — q], M* = ‘Ypbzv(ve - q) : (2 1,

Trong d6 v la vﬁn tde gid; g —1la mit 4 khong khi, 2b — chléu réng c:ua c"ﬁu,
oy la hé 98 ty 14, phy thude vao céc tham s6 cia chu vi clia khong khi. _

N&u dat q = qu thi phreag trinh (1.16) viét lai dudi dang san ﬁéy-‘

EIvg'V + mb; — 2¢7HY — 2bHRq” = P, : ‘ " o -‘E

o 7 d E {2.2) {

ELSY = (Gl + 22 H ) — Mmy”HY + 28 = ¥, ' i

véis P = 2vebvivd —bq) M = yoble(vb -~ b ' T ’
._ | -
.p M _— i

Ha = kb J\Iq{x, t)ddx, Ha = ‘Hgd

' E

0.‘ . . . i o

Cac nam q(x,t), 8(x, U trong 2.2) c6 th? hidu dién bing phwong phap Ritz

Z q1i7?1i; 9 = E qzifzy vei = 1,2 3.

cbn qijs qaj ebl phu thade tii gian; m], M 134 che gih v cua vecto dao d(}ng chmh
doe lap udn vh wolin. ‘\Ieu ldy j =1 thi )

¢ = qulx), 6 = qz(tma(x) | (2.3)
Thay hén he (2.3) vao (22) tau nhin duge

1 .
PEIQMY + mbquly — 2 vk j" Tildx qf. - ?‘Hgbql’?h = P,
. : o

| VI
E.T@qgnév — {12 + ?.hZHg)_q‘a'fJé’ - (2hy”k ‘f nzdx)qg +.mi'2‘ﬂz.qz = M.

o

Khi ve ph&i trigt titu th hé& phuﬂnd trinh (9 4) tr& thaoh hai phuung tlinhthuﬁn
-mhit déc lap voi phaa, trong d0 nghidm <6 the tin dudi dgng: ‘ y

_ lCr-)uT ‘ Ifﬂxt V“ 7 T - R
gL = e 3 g = e , i R .(2.5) s
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Thay ecuc giz iry cww gl va g o (25) vao hp phtoag trinb thuin nhat (3.&}

duoe:
Rt :
EJ'&EV - vk f Nds — Hgn = mmgm,
, o SRR @8
BTamhY — (GFa + 2b2Hg)n) — 2by 'k I _ﬁgdx = medadq - '
."Vé_.y tr (2.6) va (24 ta tim duce: ) ]
(qi+ 03?1(11)7!1 - (@ + wxqz)nz = P O fany
mb mr .

Sau khi thay q, 0 tit (2.3} vio bizu’ thuc cha Pova M rdi dit az’w ha 36 méjs
sy = 2yp/m, Tszimr _ . Ce 28)
Ta nhﬁn duge cdc phuong trinh sau Jay '
| 7 (q2 + 02qL + 3113"(11) - v qi!f:z =0 . e
Mz (qz + &)xqz — szv qz) + szbvqlm = 0 o
Cac nghiém q1. q2 cé thd tim dlmc dugi dang
' l—Ele‘.'qz”*ize
Thay VAo cAc phucmﬂ trinh (2.9) tz e¢6: N
nl(m + s*hvtﬂ wl)Ey - 81\*252"]2 = ‘03 . _l (2.10]‘
n2(e? + @ — savhiy + sabvelin = 0. '

I
=

D(mZ + sibve + wi)E; — agviis
(w? + mx.— s2v)is + bzbvilD = & .

Vi D = /02 khie khéng nén gia fri niay s& dwge don gidn sau khi khai tridn
h thie. - ‘ ©

Néu k& 1&i lge edn trong dac dong xofin thi 2,10y tr& thank:
Diw® + .sihvm + mﬁ)il - s1vis = 0, : '1<2.“)
) (0 + @ — 53v% + 2220052 + sbveiiD = 0. : '
Voi sz 13 hé 88 eln. - ' ' '

binh thie cha hé phwong trinh trén s la:

DHewd + s1hye + ws) -yl :
Agw) = | thve - g s 2| =0 (2.1
sabvarD Lt 4 2egw o+ wl ~ gy
Néu dat .
LW v ) 2s
Q Fmemmn, XOTR e, A= i s B = =
i Wy : iy .

dinh thte trén s& cho ta phuong trinh sau day: . :
AED) = A0 A% + 8507 + 430 + A4 = 0 L,

Voi A, =1 Ar=c + sby, Az = A g gan? + lehx, As = s hzd? + &,
= A"~ gaxl, .




Vi so hang zi1hy 1A vO cang B ijéc- fae nen la co thd hé quu trong qua irink
gidiz :
Be he thu‘c hlén dao (Téng on dinh tu_m c,én (Luc c‘io van tde g10 nio hon vap
&e téi han vo) thi Q@ Hm dwge trong phwong trink (2. 13) phéi cé phfm ‘ierc cun, nghla
ta phai’ théa mﬁn tigu chuin dn dinh Hurwitz sau day : .

Al As
. 1 = 1’\1 e 9, = .
Vi BVET LA A TlAs A Ae
R e e - C - { Ai’ Asg
Ta nhan thiy dao ddng finttel xhy ra khi V3 = 0va. Q= %ip - B
Thay gid tri nay cha £ vao phwong triuh {2, 15} ta ﬁucm hai phin - thy

Al Aé ]

p —A)p +A4—0 '—'A-lp +A3i0 <
- As stbhix + = P
Ty (2.15) ta chH: . ])2 e = e D . ‘ B (ﬁlﬁ) .

Ay - smbx + ¢

;

Thay gia ri ofia pz tir '(2.18) vao (2.15) ta sé duge phlmn trinh 1i¢n hé giwa vAa

tﬁc gi6 téi han ve vi cac tham-s6 nhuo sau :

‘AjAzAs — Asad — A% =0 " ean
hoge R A U ‘ (2.18) .

S1b2 ' S1szb4

trong 46 z = x/b 14 cfaz iu'qna khéng the nguyén (2. 19)
; PthUHE trinn trén tdn tai voi didu kita 7‘2 —1==0 tire 12 néu wf = m lhi khéng
xdy ra dao dong flutter.

kizn (2.14). .
Kh1 bd qua lyc cin (¢'= 0) 1hi phuong trinh (%17) th6a T vén cie h¢ g6 nhu

sau A, = L AL = s(bx, Ag = )2 1~ sx%, Az = sibt?\z Ay = ?\ ~ 5x°. o (2.20)

lhay che hé s6 tir €2.20) vio hai phrong trinh (2.15) ta nhan ﬁlmc ¢ hén he
sau. day :

— Véi g < &r  thi V&n tde gio tdi han ve = 03 v% = (n Isg

Phurong trinh bﬁc ba (2.18) duge gidi hing phu(‘)’ng phap Céedand. Trong khi glal

néu- bd qua.che s6 hang ¢6 v0 cang bé bic 2 c¢ha ¢ thi nghiém thye c‘lugc xfe dinh

nhy sau ¢
- ' ( s - 1 e A\ oqp e ¢
) z = _ - ‘ - e . ' 2.21)
S sis2b* 27 b 27 sb?
T d6 vin tde gio téi han dwge tinh ¢
’ . ‘1;:; = ghtyy Lo ’ (2.2

Vay ta lhay a6i voi hé mi oy = wx thi kh{ﬁrm'm kbd ning xby ra dao dong

'Flutter’; con néu wy = oy thi dléu kign d6 dk zfy ra dac dbng Flu!lci i b{eﬂ thire (2 ‘)2)_

phdi du'crc thdéa min.

§8. VE Dy

Xae d}nh tée d(“; gi6 &1 han 431 voi cln Tacoma cil v&i che 58 lig¢n nhu' ~gall, {ﬁ%w,

,_1én so sanh ta gur ngnyén he dcm vi Anh):

0,076 : 5700 '
p= - sl.,}gsi' 3; m = 0 slugs{ft; b == 2061 ;
8' . 4 .
R 91 - o wY i
= 13 muwm;kzm—m’h=1ﬁs;=‘rr~2: = 0,0125 -
Ly 15 w? S
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.Phuong trinh (2.17) cilng chink 1A két qui khai trién dinh thire clia cac “didu




T ching 1hire (?“} e tinh g1, s2. they %1, sz vd che gia 14 Lhiae da chie vao (2.0
a tinh duge z = 4,78 va do 46 thay vio (2.22) ta xée dinh duwge ve = 447tfs hole 13,2m/s.

Theo cheh tinh c@a Steinmen [1] thi ve = 37,2ftfs. Cén trong thiyc 18 ciu Tacoma
@ bi dd khi van t8c gi6 1a 62(t/s (hofc 18,6::/s). Qua két qui tinh toén, ta thiy cemg
hire (2.21) va (2.22) co tad s@ dyng thuin Im v¢i sai 56 cho phép.

aa

§4. BANG KET QUA-. -

Tren co sé cong thire (2. 21) @ 6 thy tinh gm lr; z theo chc lham 8 bing cach

/&t cdng thie dudi dang : ) .
ez, \13° 19 ¢ o N
p= o2} -2 2 (€1)

ocfag 27 g
Trong 86 : gy = AV —1; ai = 4pb%/m ;: @2 = bz"JI _
Dueoi day gioi thitu mot 88 k&t quid tinh siu voi cde tham &3 thay (161 nhu- sau
& = 1[50 d8n 1/190; «, = 0, dén 2;
w1 = 0,001 _d&n 0,05 va &2 = 0.5 dén 2. :
Ta ¢6 lra y ring trong cong trinh [5] Bleich ciing da 'ap bing cho mét tham
6 nhung voi gid thist gla trj 21‘2/bz la bing s6 va chen biing 1,25. Trong thue t&ta .
hiy gid trj v = 2rZ[b? clia cie chu treo ¢4 thd dat t6i 3,0 va bién ddi trong mét mitn ;
‘4ng ; thi du“d&i v&i ciu Tacoma cii thi v = 1,17. Vi thé day la m$t trong edc nguyén
than chinh din d&o saj s8 kha l4n trong che bé.ng olia Bleich, nhu mot 8 tic gid A§ .
shin xét [7].
Gia tr! etta z Gng voi.e = 13/0

o = §,2 &, = 0,5 :
2 | o005 | o001 | 0,02 0,03 | 0,00 0,01 | 002 0,03 |
£ 4] . 5 ’ E . ) .
0,70 437 ] 282 | 184 | 151 | 617 | 400 | 267 2,00
080 4,08 | 268 | 1,78 | 1,30 | 58 | 3,81 | 253 1,91
0,90 3,90 2,58 1,68 1,20 5,58 3,66 9,34 1,78+
1,00 3,7 2,46 1,59 1,19 | 538 3,50 2,25 1,76
1,50 8,12 | 211 | 1,83 | o84 | 48 [ 29 | 1,0 1,58
®, = 0,8 o, = 1,8
I 0,005 | 001 | 0,03 | 003 | 0008 | 001 | 08 | 0,08
" 0,70 7,35 | 476 | 304 | 214 | 802 | 517 | 838 | 2,3
0,80 702 ) 464 | 201 | 200 | 7,62 | 402 | 316 | 2,20
0,90 6,69 | 34| 277 | 4,97 | 730 | 472 | ser U244
1,80 645 | 418 | 2,69 | 1,87 | 7,02 | 454 | 281 | 2,0
1,50 551 | 360 | 2,34 | 1,60 | 6,00 | 4,90 | 2,83 1,76
Dia chi S R “ 0 Nhanngiy 155/1085

“rugng Daf khoe Xy dung
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