NGHIEN CUU QUA TRINH FLUTTER UON - XOAN CANH MAY BAY

ThS La Hii Ding, Trung tim KHKT-CNQS
KS Lé Dirc Dinh, Qudn chiing PK-KQ

Tém dt: Khi cdnh mdy bay chuyén ddng trong ding khi, néix do mét nguyén nhdn
ade d6 ldm cdnh léch khoi vi tri ban ddu, sau khi idc déng bén ngodi mdi di, cdnh bdr didu
dao dgng udn - xodn do tdc dong lén nhau gida 3 lic: khi dong, ddn hdi va gqudn tink. Khi
1dc dé bay dat 161 1dc do flunter 1oy han, ndng lugng cia 3 hee rrén cdn bdng nhau, dao ddng
ciia cdnh iré thanh dao déng didu had. Néu 1iép tue tdng téc 49 bay, dao ding ciia cdnh ird
thanh dao déng ne kich. cank nhanh ching bi phd huy Hién twpmg ndy dwoc goi la Flatter
wdn- sodn cdnh. Viéc gidi bai todn trén s¢ dua vé gidi hé phuomg trink vi phdn dao dong dé
tim ra cdc thdnh phdna chuyén vi wén va xodn canh theo than gian o cde 16c d bay. Qua dé
xde dink dge 16¢ d¢ flutrer 17 han, ddng thés xdc dinh duge tink trang bién dang v sing
sudl frong két cdu cdnh @ ode 180 do bay dwdi e do flutier 161 han

1. Dat vian dé

Khi médy bay chuyén dong v&i van tdc V, dudi tdc dong cha didu kién lam viéc, trén két
cdu mdy bay sinh'ra 3 nhém luc: luc khi dong, luc dan hdi vi luc qudn tinh. Tuy thude vio sy
tham gia cia 2 hay 3 nhém luc nay ma trén két cdu sé xudl hién cic hién tuong dan hoi khi
dong (DHED) tinh hay DHKD dong. Trong dé flutter 1a hién twong DHKD dong.

Trén the gidi, vin dé DPHKD di duge cdc nha khoa hoc tim hiéu ngay ur khi xufit hién
mdy bay. Khi toc do mdy bay tang lén thi DHKD ciing ngay cang duge nghién citu hoén thién
nhim ning cao tinh én dinh dong va do bén cua két cdu mdy bay.

Trong b todn nay, nghién ciu “Hién tiong flutter udn - xodn cdnh mdy bay”. Ban chit
cia hién tuong flutter dé la “rung, Idc”, la dao dong digu hod w kich coa cinh miy bay dudi
tic dung coa dong khi vdi su xudt hién cua lue khi dong bo sung vi luc khi dong phu xufl hién
trong qud trinh dao ddng cua két clu. Luc khi dong pllu 6 ddu am hudng nguoc chidu ﬂﬁl
chuyén dong won cia profil cinh, né 1y 1¢ bac nhal vdi 16c do bay va déng vai trd Ia luc cin
dao dong.

Nhiém vu cla bai todn 14 bidu dién dao dong cia cinh mdy bay khi mdy bay chuyén
dong véi cic van 16c khic nhau, tir d6 tim duge vin 16c ma mdy bay khong dugc phép vugt
qua. Néu bay vuot qua vin t6c d6, miy bay s& bi phd huy k&t ciu. Vin 18¢ §6 goi 1a van 18c 1éi
han flutter.

2. Phuong trinh dao dong cua canh may bay

Cic gia thiét khi tinh toin:

- Canh duoc ngdm chat vai thin, tic 1a nd khong bi anh huomg dao dong cua thin cing
nhur cic két cdu khac truyén vio.

- Coi cic dao dong coa cinh khong anh hudmg dén than.

Xét canh hinh thang, dang ddm cong x6n ¢6 kich thudc hiru han duge ngam chat vai
than, coi thin ld nén cd dinh cimg tuvét ddi. Cinh c6 truc dan héi vudng goc vai uét dién goc
cdnh, truc khi dong v truc trong 14m duge bd tri nhu hinh 1.

Xét phan 16 @z ciia cinh tai 1iét dién a-a. Ta c6 thé viét phuong trinh cin bing cila phin
16 dan hoi khi dao dong udn - xodn két hop nhu sau:
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trong dé: pvi M 14 tai trong bén ngoai vi md men xodn theo chiéu dai sai cinh:
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Hinh 1. Bic trumg hinh hoe cla cénh
Véi Y va M 1a luc niing vi md men khi dong bd sung. Theo 1ai ligu [1] thi Y va M dugc
xdic dinh b&i biéu thic sau:

Y =+apbht 2% ¢ pobv ay+b[3 u]a—“wa
4 it at 4 &t 3)
da 1Y &y 3 dea
= - — o Rt ke i i Ecly
i 4:1;:1: [4 I“] T [ -:J[a;+b[4 r“] ar+rﬂ]

Thay (3) vio (2), r6i thay (2) vao (1), ta dugc hé phuong trinh vi phan bifu thi dao dong
udm xodn clia phan 16 &z nhu sau:

& (.0 & da 1 _,.0a 3 -\éa

&:[ ,;] ﬂ": — T &?‘F—J?i”_—'ﬁ'?gd}’{g-ﬁ!{z—xn}g +I":‘.I:|=ﬂ

1 (4)
? E.‘Ja 3 : -_l@t{z_-]@ -
'&[G.f &J ,dll{ ] +mgh I{xu 4]:6!'+ : x, - +Ver |=0
trong d6 : - EI va GJ, 1a d6 cimg chdng udn va do ciing chéng xodn cia phan 18 dz;

- I 1a mo6 men qudn tinh khdi lugng cia phin 16 oz,

- m la khéi luong cia phin 16 dz;

- o la khoang cédch giita truc dan hdi va truc trong tdm cua profin,

- b Ia day cung profin;

- p la mér d6 khong khi;

- V 1a vén t6c mdy bay;

-x = x,/b=0.5, vdi x, 1 khoing céch tir mép truéc cia cinh dén truc din héi cha profil;

- y 1a chuyén vi theo phuong thing dimg:

- & la chuyén vi xoén cia profil.
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3. Phuong phip gidi

C6 nhicu phuong phép giai hé (4), ching 16i chon phuong phip ning lugng Bubnov-
wﬂmmauﬁmmﬁmmm;mdﬁcﬁzmuml.muimlmﬂn
1¢n;

-Tgi g&dnh[z:ﬂ] y= ﬂ;g—r=ﬂ;ﬂ =,
F 4

-Taimitcinh (z=): gy 2% _ . 2(22)_g.qr 22 _
&: dz\ 3:! ' 8z ;

Nghiém la céc dai lugng phu thudc vio z va thii gian 1, né o6 dang sau:

[:« = y(z,1) = Ay (z)e* (5)
a=a(z,t)=Ba(z)e"
trong d6: - A, B 1a cic s6 phific phu thude vio diéu kién ddu:

-A=8+iw 1hmot gié tri phiic, véi & 1a hé s6 gidm chiin khi dong. @ 1A thn s6
dao dong cila cénh;

- y(z) va @(z) 1A céc ham s6 cla toa do z, goi 1a cic ham chudn.

Vi cinh dang ngam mot déu, ddu kia dao dong tu do udn xodn (kiéu dang thanh), khi ta
nghién cifu su &n dinh dang thip cia dao dong thi cdc ham chudn bién dang c6 thé duge lya
chon nhu sau:

1,875 1,875

1,875 1875 | »::-,?34[ shrEE ~ sin .-?_z]

= C0%

yiz)=ch
(6}

. i
aiz)= smi

Ciic hiim chudn m6 ta bién dang u6n, xodn cla cinh doc theo truc z, thuimg li cdc da
thike v 1a cde hiim sidéu vidt,

Do biéu thic (5) khong 1a nghiém chinh xic cia hé (4) nén khi thay (5) vio hé phiomg
trinh vi phén niy, ta s& dugc hé phuong trinh khong déng nhat sau: g

d’ d’y(z)
E¥
_d’:[ ds*
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Ham f(z) va @iz) rong h¢ phuomg trinh (7) la sai s6 cha ham y(z1) vi a(z1) so vdi
nghiém chinh xdc cua hé phuong trinh vi phan (4).

Khi z thay déi wir 0 dén { thi cac him y(z.0) v aiz,1) s& truc giao vai cic ham y(z) va
alz), do di:
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" }f (z)y(z)dz =0
. (8)

;ﬂﬂﬂ(ﬂdl =0

4+ Céic tich phan trong (8) thuc chét 1a diéu kién nghich ddo vé khong clia chudi Furié khi
kkhi trién céc ham sai s8 y(z,1) vk o(z,t) thinh chudi s& theo ham y va .

Diéu d6 s& 1am gidm sai 56 gifta phuong phép gidi gdn d A iai chinh
mummmh@ﬁmmmmmwmﬁlﬁﬁmﬂﬁpm

Thay (7) vao (8), ta duge hé sau:
Ala, — A'e, + AVd )+ B(-A'c,, + AVd, +V?b,)=0

(9)
A= A%, + AVd, )+ B(a, - A'c, + AVd_ +V7b_)=0

P 1 3 ' 1 ‘
oy = ({122, = for,(452) aic, = - 1

d, = q,;l‘bylu]dz;:u =g, = ]'mm: (z)y(z)dz;d,, = mp i[b:(l - x, ]y[:}a{:}n‘:; (10)
b, = mp ]!cp (z)a(z)dzd, =-np ]b’{f,,- lf]y{:}n{z]dz Oy = -]'f_n‘ z)ds;

a L] ]
4. AP :ja'(%- 'x,](x'.- l—]a (2)de b, = -mp _fa*(x'u L %)ﬂr‘{z}d::

Ta thiy ring (9) 1a hé phuong trinh vi phan thudn nh&t véi cic he s6 A va B. Diéu kién
cin vi dii d€ hé c6 nghiém khédc khong la dinh thic cia hé phii bing khong, tdc 1a:

a, - A'c, + AVd,, ~ A, + AVd, + Vb,

=0 (11)
— Ae, + AVd a, - Alc, + Avd, + Vb,
Khai trién dinh thikc (11) ta duge:
A'+ BA'+ G + Dgh + E;=0, (12)

trong dé: Ag=Cy) Cn~ '=|]1 s Bo=l- €, dyy - dyy cp+ dyp+ cpdy)V,
Co= -2, C~ 85 €+ (- ¢yby + dyydyy+ by - dy dy)V7,
Dg=(a,,dy + d,,3;,)V + (d) byy-dy by )V,
E,=a, 3, +a,b,V® li cdc hing sd da biét.
Sau d6 diing phdn mém Matlab gidi phuong trinh (12) ta s thu duge A. Tir phuong trinh
thit hai ciia hé (8) ta tinh dugc bién do dao dong, the hién ty s6 A/B:

A_ay-Neg vaVdy +Viey F‘l“ (13)
B - A, +AWd, B

Ty s6 A/B 14 s6 phic, d6i s6 ciia fy 56 niy (y) dac inmg cho chuyén dich pha gilta dao
dong udn va dao dong xodn.

K&t hop giita (5) va (13) ta duoc:
y(z.t)= Hﬂﬂth"‘""': a(zt)=Ba(z)e™. (14)

B
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Tix (16) ta biéu dién duoc céc chuyén vi ciia dao dong cdnh mdy bay khi bift duge cée
tic dong ban ddu.

4. Gidi bai todn véi cinh miy bay “A”

xét cdnh mdy bay “A” cd dic tnmg hinh hoc nhu hinh 2 véi céc bifu dé phan bd do
cimg, khéi luong, mo men quén tinh kh&i lugng theo sii cidnh nhu hinh 3.

D¢ gidi duoc phuong trinh (11) 1a phai tinh duge céc bé s6 A,...E, thong qua tinh chic he
s0 a,,cy,...by, trong hé (9). DE tinh dugc céc hé s6 trong (9) cén xdc dinh cdc tham s6 két cdu

ciia timg phén tif trong céc tich phan nhu: EI.G.I!,I.{:.] nqz]mnhuuymb, ig: ¢

y AG u
14 Truc dan béi

i ,-f"

/ 4
bﬂ /—f—jj ; -.——rmL_.
. 5l ) 10

X

1=3,68 m; s=19,3 m*; ¢ =e/b=0,12; p=1,225 kg/m’; by=3,0 m; b;=1,5 m; & =0 /b=0,05.
Hinh 2. Dac trung hinh hoc cua cdnh may bay “A”

Qua kich thude hinh hoc ciia cdnh ta tinh duge b, x_ml= x,/b, cia timg tié1 dién vi duge
trinh bdy trong bing 1.

Bing 1. Céc gid tr] clia diy cung b, x , trén timg phan t& cla cénh

z/¢ | 005 | 015 | 0,25 | 035 | 045 | O55 | 065 | 0,75 | 085 | 095

b, 2925 | 2,775 | 2,612 | 2475 | 2,325 | 2,175 | 2,025 | 1,875 § 1.725 | 1.575

%, 112 112 172 172 1/2 12 172 1/2 12 112

e LA

Hinh 3. Nmimu:muamng:h&ngusnﬁhﬂ mnnhm.,uﬂmmm
va mé menquén tinh khéi lvgng |, thee chifu sdi cinh miy bay"A”
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n Céic hé 6 trong (9) ¢6 chita dao ham. Dé gﬂn vﬁndﬁnh&ud@ﬂﬁnﬁmm
ﬂndm&:mw 2, két hop véi viec sir ham chudn bién dang (6).

| r [ ] r2)F
) [

Sau 6 tinh céc he lﬁﬂquu. Giai phuong trinh (16) tim A. Thay A vio (13) va (14) ta
s tim duge y(z.1) va a(z,t). Vi diéu kién ban ddu y(1,0) va c(1,0) thi d6 thi cha y(z.1) v a(zt)
. v6i cAc vAn t6c khéc nhau c6 dang nhy cdc hinh vé. Vi loai cinh méy bay ndy, 16c do flutier
téi han la 1338.9 m/s. & céc t6c do nho hon t6c do nay, dao dong cia cdnh tit dén; cdn & céc
_ 16c d Ién hon, cinh bj dao dong tu kich, dén i két cdu bi pha huy.

y(z,t): 10%.0(z,t) yzb: oz
oo b e e e i (R
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Hinh 4. D& thj bidu dién y(z.t) va a(z,t) theo thai gian t khi V=1300 mis
y(z.t): ofz,t)

Hinh 5. D8 thj bidu didn y(z.t) va a(z,t) theo thai gian t khi V=1338.9 m/s
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dm 10%a(zt) - y(za); 10%.a(ze)

L i

bh. ot W
e R e

Hinh 6. D& thj bidu dibn y{z.t) va afz.t) theo thai gian t khi V=1400 m/s

5. Két ludn

Vi cic vin t8c khdc nhau, d6 thi cia y(z.t) va a(zt) léch pha nhau mot goc W, vai ¥
duge tinh theo (13). Khi y(z.t) = y_,, thi a(z.tl)}= o, =0

Khi ting vin t6c V tir (1300+1400) m/s thi d6 thi cita y(z1t) vA a(z1) thay d6i tir dao
dong tit din sang dao dong phan k. Qua két qua tinh todn ta thdy ring khi V=1338,9 m/s thi
canh dao dong diéu hod. Khi V>1338,9 m/s thi dao dong cla canh la phan k¥.

Nhur vay, van t6c tdi han flutter cia cinh mdy bay A" la V,,.=13389 m/s. Trong sit
dung va khai théc, ta khong cho phép mdy bay bay vai vin tdc V=V,,.. Néu bay vai van 16c
V2V thi cdnh mdy bay sé dao dong phin k¥ theo thivi gian khi cé nhiéu bén ngoai tic dong
v do d6 din dén phd huy két cdu cdnh. Diéu dé cd ¢ nghia it lém trong viéc thigt k€ ché tao
vi khai thic sir dung bao dam an toén bay.
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A STUDY OF WING FLUTTER PROCESS OF AN AIRCRAFT
La Hai Dung, Le Duc Dinh

Abstract: During is movement in airflow a wing is loaded by the forces of
agerodyvnamics, inertia  and elasticiry. [f flight speed v above so-called flurer speed, the
wing will oscillare with rounng amplinede and will be broken immediatelv. This paper
preseits an energy method to determunate the bend ~ pwist flutter speed of o wing by solving
@ svetem of differentiol equations



