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MO PAU

Ly do chon dé tai

Tén lua tham do 1a linh vyc nghién cau c6 tinh tng dung cao trong khoa
hoc va qudc phong, dugc nhleu quoc gia quan tam phat trién. Thuc tlen cho thay
qua trinh thiét ké - ché tao van ton tai cac sai s6 khong mong mubn nhu Iéch
tam khoi luong, léch huong luc day hay sai s6 hinh hoc, dan dén cac yéu té bat
d6i xting anh huong truc tiép dén d6 6n dinh chuyen dong cua tén lra.

Véi van toc 16n va moi truong khi quyén bién d6i phuc tap, cac yéu to
bat d6i xtng nho cd thé gay nén md-men cam g, dao dong cong huong hoic
khoa tan so, 1am thay doi quy dao va tham chi pha hay cau tric tén lta. Trong
bdi canh Viét Nam dang hudéng téi lam chu cong nghé tén lua, viéc nghién ciru
sau anh hudng cua cac yéu td bat ddi xing 1a cap thiét nham d¢am bao tinh on
dinh, an toan va d¢ tin cay cua bay thu nghiém.

Do do, dé tai “Nghién cieu hign twgng cong huong dao djng do cac yéu
to bét déi ximng va chuyén dgong quay quanh truc cia madu tén liza thim do ¢
tang thap” duogc ya chon nham gdp phan hoan thlen co s khoa hoc cho thiét ké,
ché tao, va kiém chirng mé hinh tén lira trong diéu kién thuc té caa Viét Nam.

D01 twong nghién ciru

D01 tugng nghién ciru la mo hinh tén ltra tham do mot tang dong co nhién
liéu ran, khong diéu khién hoat dong ¢ tang thap.

Muc dich va pham vi nghlen cuu

- Muc dich: Xay duyng cac mo hinh tinh toan va mo phong khi dong va
dong luc hoc bay cua tén Iura tham do khi tinh dén day du cac yeu t6 dac trung
ve mat khi dong, dong luc hoc; Khao sat anh huong cua cac yéu tb bat ddi
Xng cua tén lira thaim do dén cac tham sé quy dao bay va su cong huong dao
dong khi cé chuyen dong quay quanh truc; Banh gia va dua ra khuyen cao.

- Pham vi nghién ctru: Hi¢n tuong cong huong dao dong va hign tuong
khoa tan sé do su bat d6i xtng va chuyen dong quay quanh truc caa tén lira
tham do va cac van dé dong luc hoc cd lién quan.

Ni dung nghién ciu

- Nghlen ctru tong quan vé tén lia tham do va cac van dé dong luc hoc,
cong huong chuyén dong.

- Xay dung phurong phap, mé hinh tinh toan xac dinh dac trung khi dong
va mo hinh tinh toan dong luc hoc theo Iy thuyét va chuong trinh mé phong
dong luc hoc bay cho tén ltra tham do.

- Kiém chtng cac phuong phap nghién ciru va mé hinh tinh toan.

- Nghién ctu hi¢n twgng cong huong dao dong va khoa tan s6 do céac yéu
t6 bat d6i xang gay ra.

Phwong phap nghién ctru

Phu’O’ng phép nghién ctru trong luan an dya trén phan tich ly thuyét, tinh
toan va moé phong sb, dong thoi két hop véi mot sb dir liéu thuc nghiém phuc
vu kiém chirng mo h|nh
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Y nghia khoa hoc va thuc tién ciaa dé tai luan an

- Luén 4n d3 dé xuat va phat trién cac phu:ong phap nghién ctru, mo hinh
tinh todn dac tinh khi dong, dong luc hoc c6 thé 4p dung cho tén ltra tham do noi
rleng va cac phuong tién bay toc do cao néi chung. Cac mé hinh Iy thuyét va
cong cu tinh toan duoc xay dung cho phéep phan tich chi tiét cac hién tuong dong
luc hoc phuc tap nhu cong huong va khoa tan so.

- Két qua nghlen cau trong luan &n gop phan 1am sang to co ché tuong tac
gitra cac yéu tb bat doi xang va chuyén dong quay quanh tryc cua tén lira tham
do; tir d6 dua ra cac khuyén nghi ki thuat nham hoan thién thiét ké, nang cao tinh
nang hoat dong va do tin cay trong tuong lai.

Bo cuc cua luan an

CAu trc chinh caa luan an gom phan mo dau, 4 chuong, két luan va phu
luc, tham khao 76 tai liéu.

Chuwong 1 Nghién ctu tong quan vé van dé nghién cau

Chwong 2 Xay dung bai toan va ca&c mé hinh nghién cuu

Chwong 3 Xay dung chuong trinh tinh toan, mé phong va kiém chang

‘Chuong 4 Phan tich cong huong gitra dao dong do su bat doi xung va
chuyén dong quay quanh truc

CHUONG 1. TONG QUAN VE VAN PE NGHIEN CUU

Chu:orng nay trinh bay khai niém vé tén lira tham do cung so dd phdi
tri cau trac va cac bo phan chinh cta n6é nham lam r& dic diém hinh hoc,
nguyén ly hoat dong va pham vi ting dung cta loai phuong tién bay dac thu
ndy. Pong thoi, chuong nay ciing gigi thiéu cac mé hinh nghién ctu khi
dong hoc va dong luc hoc bay dang dugc str dung hién nay, tor cac mo hinh
chit diém don gian dén mo hinh sau bac ty do, cing véi cac k¥ thuat tinh
toan khi dong nhu phuong phap panel, phuong phap ban thuc nghiém va mo
phong sb.

Bén canh do, chuong nay ciing gidi thi¢u vé cac loai bat doi xtmg dién
hinh cua tén Iira tham do thudng xuat hién, nhu bat d6i xtmg khi dong, luc day
va khéi luong (hinh 1.1).

N ghlen ctru v€ tén lira tham do van con kha han che tai Viét Nam, chu
yéu 1a cac noi dung va cong bo lién quan t6i cac dé tai thiét ké ché tao cac mau
tén lra TV-01 va TV-02 do Hoc vién Ky thuat Quan sy thuc hién, thudc
Chu’O’ng trinh Khoa hoc va cong nghé cap Qudc gia vé cong nghé vii tru trong
cac giai doan tur 2012-2020.

Nhin chung, cac nghlen ctru vé hién tu:ong cong huo’ng va khoa tan s
cua tén ltra tham do chu yéu dya vao cac mo hinh toan hoc va vat ly don gian;
Chua phan tich va khao sat trong cac m6 hinh mé phong bay véi diéu kién
thuc té. Bén canh d6, cac van dé lién quan toi su thay doi khéi luong, trong
tam va cac dac diém quan tinh khac ciing chua duge nghién ciru mot cach chi
tiét va cu thé hoa trong cac phuong trinh dong luc hoc tén lira.
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Hinh 1. 1. Mot so dang bat doi xiing cia tén lia tham do.
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Hinh 1. 2. Hién twong khéa tan sé xdy ra khi cong huong
cac kénh ch,uyén dong cua tén lvra tham do [48]
Tur nhitng khoang trong néu trén, luan an tap trung thuc hién cac noi
dung nghién ctu chinh nhu sau:
(1) Xay dung mo6 hinh tinh toan khi dong luc hoc don gian va hiéu qua
cho tén ltra thaim do dua trén phuong phéap panel két hop véi cac cong thic
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ban thuc nghiém, déng thoi kiém ching mé hinh biang di liéu thuc nghiém da
duoc cong bé.

(2) Xéy dung m6 hinh dong luc hoc bay 6 bac tu do trén co s¢ céc hé sb
khi dong thu duoc, c6 xét dén cac yéu to bat d6i xang va su thay doi cua cac
théng s6 khéi lugng, quan tinh trong qué trinh bay.

(3) Khao sat hién tuong cong hudng va khda tan s, danh gia anh huong
cua chung dén dic tinh dong luc hoc bay ciing nhu sy bién thién cac tham so
chuyén dong trong vung lan can Cong huong

Két qua nghlen ctu cua luan an gop phan lam sang to co ché cua cac hién
tugng cong huong va khoa tan s6 trong chuyen dong tén ltra tham do do cac yéu
t6 bat doi ang dong thoi dé xuat cach tiép can dua trén viéc két hop mé hinh
tinh toan, mod phong va mé hinh phén tich ly thuyet trong phan tich dong luc hoc
bay cua c4c loai tén lira va phuong tién bay toc do cao khac trong twong lai.

CHUONG 2: XAY DUNG BAI TOAN VA MO HINH NGHIEN CUU

Pé nghlen clru dong luc hoc lién quan to1 sy cong huong gitra dao dong
cua tén ltra do cac yéu tb bat dbi xtmg va chuyén déng quay quanh truc can giai
quyet cac bai toan khi dong lyc hoc, dong lyc hoc bay. Trong chu’orng nay, luan
an trinh bay cac phuong phap dé giai quyét cac bai toan trén, bao gdm phuong
phap panel két hop Vo1 cac cong thire ban thuc nghlem cho tinh toan khi dong
lye hoc; cac mo hinh dong Iuc hoc chat d1em va m0 hinh 6 bac tu do; phuong
phap xac dinh tan s6 dao dong riéng va vén tbc quay quanh truc.

2.1. Xay dung bai toan nghién ciru

Hinh 2. 1. Hinh anh tén lira TV-02.

Péi tugng nghién ctru trong ludn an 13 mau rat gon mot tang cua tén lira
thim do TV-02 thudc dé tai * ‘Nghién ctru, thiét ké va ché tao mau tén lira tham
do (Sounding Rocket) dua thlet bi phuc vu nghién ctru khoa hoc dé thir nghiém
thu thap dir li¢u khi quyen tang cao”, ma s VT-CN.02/18-20. Thong s chinh
cta tén ltra dugc thé hién trén bang dudi day.

Bdng Cdc tham s6 chinh ciia tén lira TV-02

Tham so Gia tri
Khbi lugng 27.3 kg
Puong kinh than 0.12 m
Chicu dai 2.018 m
Khoi luong thudc phong 16.7 kg
Thoi gian chay cta thudc phong 4.25 s
Luc day dong co 5925 N




Chiéu dai ray phong 6 m

Goc phong 83°

Chiéu dai miii 0.408 m
Chiéu dai than 1.610 m
Dién tich canh dudi 0.0124 m?

[« =0.0619 kg.m?,
Iyy=IL.=5.37 kg.m?
Vi trf trong tAm ban dau (tinh tir mili) 1.2880 m

Do mau tén lira thim do xem xét ‘trong luén an c6 do cao hoat dong
(dudi 15 km) va thoi gian hoat dong ngan (dudi 2 phit), nén anh hu’ong cua
d6 cong bé mit va chuyén dong quay cta trai dat 1a khong dang ké, co thé
bd qua trong qua trinh tinh toan va khao sat hién tugng cong hudng.

Chinh vi vay, trong luén an nay NCS chi st dung cac hé truc toa do
Hg¢ toa do lien két Xyz voi gbc toa do tai trong tAm cia tén lira; He truc toa do
toc dd X,Y,Z, voi goc toa do tai trong tam tén lira; Hé toa do mat dat x_y.z.
v6i gbe toa do tai vi tri phong (hinh 2.2).

Mo6-men quan tinh ban dau

.-
.-
.-
.-
.-
.-

.-t
.-

Z Y,
Hinh 2. 2. Cdc hé truc toa do.
Céc luc va m6-men khi dong cac truc trong hé toa do lién két dugc tinh
theo céc cong thurc sau:

2 2 2

X = Cx pV Sref Y = Cy pV Sref Z = Cz pV Sref

Y& \/2 : v22 1)
L= C p Sreflref M :Cmp—sreflref N :Cnp—sreflref
2 2
Trong hé truc toa do toc do, hec nang va luc can duge xac dinh nhu sau:
pv 2 pv 2

Za = CL Sref Xa = CD Sref (22)

Trong d6: C_,C, lan luot la lyc nang va luc can cua tén lra.
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CAac yéu to bat dbi xtmg duoc bi

éu dién trén hinh 2.3, trong dé: bat dbi

xtng khi dong (& , ¢a), luc day (St , ¢r), khoi luong (Ac , ¢c).

| Pa

Hinh 2.3. Cac

- \
-
! ~ -~

I\/IO

Roll

(quay quanh truc)

B 58 = V 5:y +6a21
0, =%—arcsin[ 2531 - } khig, >0
Oy + 0,

. y
Pitch
(chudc ngéc)

yéu to bdt doi xing.

2.2. Phwong phap xac dinh cac dac tinh khi dong luc hoc
2.2.1. Phwong phdp panel trong tinh todn khi dong luc hoc

Phuong phap panel mé phong
truong dong quanh céc vat thé khi
dong cd hinh dang phuc tap nhu may
bay hay tén ltra bang cach phan chia bé
mat vat thé thanh nhiéu panel nho, mdi
panel mang mot phan tir ky di (hinh
2.4). Céc gia thiét khi &p dung phuong
phap panel: dong khéng nhét; dong
chay dung.

Phuong trinh Prandtl-Glauert
dic trung cho dong thé c6 tinh dén tinh
nén dugc biéu dién nhu sau:

(1-M2)o, +o,

Hinh 2.4. T6 hop canh - than
thiet bi bay dién hinh.

+¢, =0 (2.3)

Trong d6: Ma 1a s6 Mach; @13 ham thé véan téc nhiéu dong, voi Puir Pyys Par

la cdc dao ham riéng cap 2 theo cac toa do X, y, z.
The van toc cua cac phan tir ky di:
- Boi véi phan tir ky di dang day vai cuong do don vi:

f,(£)de

n

[(x—§)2+(1—|\/|2

(2.4)

B

- B6i véi phan tir ky di dang panel véi cudong d6 don vi:
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:5” fn(é,n)dfdﬂ +
(=) +(2-M2)[ (y-n)" + 2] (25)

1-K dé&d
” zd&dn

(y-n) +
Oday f laham phan b6 cuong do tai phan tir ky di theo toa d9, K 13 hang so.
Hé sb ap suat Cp duge xac dinh theo cdng thirc sau:

2

v

— -1
c, =2 {1J—1 2(1-(1+ A0) + AV +Av_vz)}y ~1}(2.6)
yMZ 2
2.2.2. Phwong phdp tinh toan mét Sé’ thanh phan lyre can
Luc can chinh dién cua tén lira bao gom ba thanh phan:
Coo = CDp +Cp, +Cp, (2.7)

Luc can ap suat duge xac dinh tir phuong phép panel, con hé s luc can

ma sat va hé so luc can day xac dinh theo cac cong thic thuc nghiém sau:

n. x0.023 S
Dy :0.053><L 14.6M, + t” X 2x —— (2.8)

d pV2 I 0.2 pV2 . 0.2 Sref
2 2 mac
Co, :(0.12+o.13|v|§) khiM, <1;

(2.9)
Co _02 khiM,
> M,

2.2.3. Phuwong phép tinh toan cac thanh phan khi dgng khong dirng

Luc khi dong phap tuyén khong ding va mé-men chic ngéc khdng dirng
tac dung 18n than tén lua dya trén ly thuyét Munk duoc biéu dién trong hé toa
do lién két nhu sau:

body ,0 I
o (2.10)
Myoy = £ J S (x)w(x)xdx.
body
Cac hé sb luc phap tuyén va md-men chiic ngdc nhu sau:
1 : :
C, oy = “Tyrs I S(x)(aV —ax)dx;
2 ref body
. (2.11)

M =——— | S XV —(gx) xdx.
(body) %V2S | _[ (X)(a qX)X X

ref "ref body
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Ta thu duoc cac dao ham hé sb khi dong khdng dirng cho than tén lua:

4 8
Cz, ooty = S | I S(X)AX  Cy ooy = R I S (x)xdx
ref “ref body ref “ref body (2 12)
4 -8
C o (boy) ZW I S(X)de Cmq*(body) ZW I S(X)dex

ref “ref body ref “ref body

Cac dao ham hé so khi dong khong dung theo thoi gian cho canh/dudi
xac dinh theo hiéu trng khoi lugng bo sung:
2N, 7TX;

N,z
C, o (tim =~ ICZ(Y)dy; C, (im = 2 ICZ(Y)dy;
¢ Iref Sref fin ‘ Sref Iref fin
, (2.13)
N, X, 2N, TX;

Cmd*(fin)zl S ICZ(Y)dy; Cmq*(fin):_S E ICZ(Y)dy

ref ~ref fin ref 'ref  fin
Hé s6 mb-men quay quanh truc khéng ding va dao ham cua no dugc
tinh theo cong thuc:

n Vs
C=——5——x—p|c*(y)yd
! %VZSFEfII’Ef g 4 p'F!.nC (y)y y
(2.14)
=2n.7w ¢,
C,. =<5 | € (¥)ydy

ref "ref  fin

2.2.2. Phwong phdp tinh mé-men cam #ng quanh truc doc

L
A
)
f )
?/ ;

\

{

g/

3

')
—
-y
)

\
A
by 13
&

Hinh 2.5. Anh hurong cua tAch dong tai miii tén hia dén cac cénh dudi .
Dua trén dit liéu thuc nghiém, hé s6 mé-men cam trng quanh truc doc va
bién do dugc xac dinh:
C, =C/sin(ng,) (2.15)
dbodyS

_Pody—fin (2.16)

C; =(13.9505, ~3.17a7 +0.03a,, ) |

ref “ref

1an luot 1a duong kinh than
la do dai va dién tich dac trung, trong nghién

Trong do, axp 13 goc tan khong gian; pogy VA S
va dién tich canh duoi; |, va S

fin
ref
ctru nay dugc lya chon twong g v6i ban kinh va dién tich mat cat than; n - s
luong canh duoi; ga la goc quay quanh truc trong hé toa do van toc va dugc xac
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dinh nhu sau ¢, =arctan(a / ) khig>0va ¢, = 7 +arctan(a / B) khi <0,

voi @, B 1a goc tan va goc truot canh (hinh 2.5).

2.3. M6 hinh dong luc hoc cia tén lira tham do

2.3.1. M6 hinh 6 bic tir do cé tinh dén inh huong ciia sur thay doi khoi irong
Hé phuong trinh chuyén dong duoc xay dung nhu sau:

F + R+ Amig + g, + 2me”® xrg, = Mgy
b b » doo” b b b
Mg + M7 +Al WJF(D x(AIm )z (2.17)

. dw”
=-myid xry, +1lp—+ " x(Igmb)
° dt

O day, m, va I, 1an lugt 1a khdi lugng va ten-zo mo-men quan tinh ban
dau; Amva Al®1a khéi lugng va ten-zo mo-men quéan tinh bi mat di; FYva M}
lan luot 14 luc va moé-men do luc déy dong co sinh ra; F°va I\/Ig la luc va mo-
men ngoai luc; ®°1a véc-to vén toc goc; r 1a véc-to toa d6 khong gian; chi s6
O dung dé chi vi tri toa d§ gbdc gan trén té€n Itra duoc lwa chon & trong tam khoi
thuoc phong; Co 1a vi tri trong tdm ban dau cua tén lira (hinh 2.6).

| Trong tam cua
e . khoi thuoc

Mat ra cua
loa phut

Trong tém ban déau
cua tén lia

Hinh 2.6. M6 hinh tén lzza cung nhién liéu.
2.3.2. Mé hinh chuyén dong géc ciia tén liia thim do
Khi nghién ctru dic tinh dong luc hoc tirc thot cua tén Itra, ta bo qua anh
hudng cua su bién d6i khéi luong, dac tinh quan tinh, vi tri trong tdm, chon géc toa
d6 tai vi tri tie thoi cta trong tAm tén lira, hé phuong trinh chuyén dong ¢ dang:
F*+F =mi]
b 2.18
M2+|\/|T=|bdi+mbx(1bmb) 249)
dt

o) day m, 1P va vi tri trong tAm ¢ 1a cac dai luong tirc thoi duoc xac dinh
quanh thoi diém nghién ctu.

Sau khi chiéu 1én cac truc toa d6 phuong trinh (2.18), ta thu duoc hé
phuong trinh dong luc hoc mé ta chuyén dong cia tén lira:
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X —mgsing=m(u+qw—rv)
Y + mgcos@sing =m(v +ru— pw)
Z +mg cosfcos¢g =m(W+ pv—qu)
L=1,p-1,+ar(l,-1,)-1,pq
M=1g+rp(l,-1,)-1,(p*-r?)

N==l,p+1¢r+pg(l,—1)+1.qr
Trong do: X, Y, Z — cac luc khi dong, L, M, N — cac mo-men khi dong
trong hé truc toa do lién két; u, v, W — cac van tdc theo céc truc; p, g, I — CAC
véan toc goc theo cac truc trong h¢ truc toa do lién két.
Str dung céc gia thiét dé don gian hoa, dong thoi bién doi bang phuong
phap thé, ta thu duoc phuong trinh cia goc tén va goc trugt canh nhu sau

IB+A&B_A2d_Blﬁ+Bza:C1;
d+Ad+Ap-Ba-B,f=C,; (2.20)
p=L/1..

Trong d6 cac hé s6 ctia hé phuong trinh x4c dinh nhu sau:

Al_eref[ LT )}Azzp 2_'_x];

(2.19)

21, l
Bl C QSref ref CmgQSrefIref CNQQSref 4 p2 1_|_x]’
l I, mv ly
S ml;
BZZ—pQ ref CL 1_|_x ref (C +C ) :
mv | ~( 1) 2l
Sl
Cl _ ACma COSgga + CA _ T A—CCOSQC Q ref “ref +T5T re COSgDT,
QSref Iref Iy Iy
Sl
C, =| AC, sing, —| C, - —— [2Csing, Bra'er | T, sin .
) QSref Iref Iy Iy

Théng qua viéc giai hé phuong trinh (2.20), ta x4c dinh duoc tan sé dao
déng riéng w, ctia hé (khi tén lra khong quay). Bang cach phan tich cac dai
lwong ndy, ta s& tim ra nguyén nhan cua hién twong cong hudng va khoa tan
s6, cling nhu cac hiéu Gmg gay ra bai cac hién tuong nay.
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Khi tén Ira quay quanh truc véi van toc goc p, tan s6 dao dong riéng cua

2
hé s€ tach thanh 2 tan so6 riéng bi¢t a){ 1- 4A12 iﬂj. Khi d6, trong bai toan
.

nghién clru cdng huong va khoa tan sd, ta can xem xét dong thoi ca hai tan sd nay.
2.3.3. M6 hinh chdt diém ‘

M6 hinh chat diém nham xay dung quy dao so bo cia tén lira:

F, +F, +mg=mf, (2.21)

trong do: mla khéi luong tén Ira, I 1a toa dO cua tén Itra trong hé toa do toc do, F
la luc déy do dong co tao ra, F, 1a luc khi dong hoc, g 1a gia toc trong truong.

Phuong trinh (2.21) dugc giai theo phuong phap sd du doan va chinh
stra vO1 d¢ chinh xac bac 2 theo budc thoi gian dt. Trudce hét ta biéu dién van
toc tén ltra bdi V =V (t) =r, phuong trinh (2.21) dugc viét lai nhu sau:
F, (V, r) F; (t)

m()  m()
2.4. Két luan chwong 2

Chu’O’ng 2 da giai thigu:

- Céc tham s6 hinh hoc - khéi lugng, hé truc toa do, cac luc va md-men
tac dung. Cac dang bat dbi xing va cach mo hinh héa ching duoc trinh bay rd
rang va dua vao phan tich.

- Phuong phap panel két hop cong thirc ban thuc nghiém dé xac dinh tron
bo hé s6 khi dong cho dai van toc rong voi thoi gian tinh toan ngan, bao gom
higu tng khong dirng va m6-men cam ng.

- Cac mo6 hinh dong luc hoc: M6 hinh 6 bac tu do m6 ta chinh xac su
bién thién khéi lugng, vi tri trong tam, dac tinh quan tinh va cho phep tich hop
thuan loi cac yeu t6 bat ddi xing; M6 hinh chuyen dong goc xay dung hé
phuong trinh vi phan de phan tich cong hudéng va khoa tan s6, xac dinh goc
tan, goc truot canh va tan sé quay; M6 hinh chat diém xay dung cac tham so
co ban cua quy dao bay.

CHUONG 3: XAY DUNG CHUONG TRINH TiNH TOAN,
MO PHONG VA KIEM CHUNG

3.1. Chwong trinh tinh toan khi dong va kiém chimng
3.1.1. Mo ta chwong trinh tinh todn

Chuong trinh tinh toan khi dong luc hoc dugc mo ta theo so do trén Hinh
3.1. Céc thanh phan lyc khi dong khong xac dinh dugce theo ly thuyét dong the
(luc can nhét, luc can day va cac thanh phan khi dong khong dung) dugc bd
sung trong chuong trinh tinh toan thong qua cac coéng thirc 1y thuyét va ban
thuc nghiém.

V(t)= +9 (2.22)



Chuong trinh MATLAB

canh duoi
cta thiét bi bay

tham chiéu
- C4c yéu t6 bat doi xing

- Kich thudc hinh hoc cua thiét bj bay
- GOc tan, goc trugt canh, cic goc 1éch

- Van tdc dong téi, cac van toc goc

- Vi tri trong tdm, dién tich va d¢ dai

- e o e =,

B code
(PP Panel)

Céc cong thirc 1y thuyét/
ban thyc nghiém xac dinh
mdt s6 thanh phan luc can

Céc cong thire 1y thuyét
xac dinh cac thanh phan
khong dung

e

- e e o e e e e e = -

Céac hé sb luc va
mo-men khi dong

Hinh 3.1. So do khoi ciia chwong trinh tinh todn khz: dong cho tén lua.

3.1.2. Kiém chiing

Pé kiém chting phuong |
phap va chuong trinh tinh toan

10D

khi dong, ta dua vao mau tén
Ira thdm do don gidn Finner
(hinh 3.2) va so sanh voi két
qua thtr nghiém. cac hé s khi
dong dugc tinh toan theo
phuong phap panel két hop véi
cac cong thuc 1y thuyét ban

thuc nghiém (hinh 3.3).

1.2

PP panel két hop|
1 O Thwc nghiém

20

3D

Hinh 3. 2. M6 hinh mau tén hia Finner (D=3 cm).

PP panel két hop
O Thuwc nghiém

) o
220 (4 .
RN . PP panel két hop
S OE O Thwe nghiém
10 -40
5 ‘ ‘ .60
0 1 2 3 4 5 0 2 3 4 5 0 1 2 3 4 5
S0 Mach S0 Mach S06 Mach
-100 250 ¢ _
PP panel két hop N
200 + 200 - - CFD 25
2 -300
&) . q 20
T 400} PP panel ket hop Y
- CFD &)
F -500| 157 PP panel két hop| "~ _
600 507 .-l - CFD .
700 0 10t .
o 1 2 3 4 5 0 I 2 3 4 5 0 L 2 3
S6 Mach S6 Mach S6 Mach

Hinh 3. 3. Két qua tinh todn va kiém chitng Cac hé s6 luc Va md-men khi dong
3.2. Chwong trinh tinh toan, md phéng dong luc hoc va Kiém chimg

_ Trong luén an nay, chuong trinh tinh toan, mé6 phong duge xay dung cho
mau rat gon cua tén Itra TV-02 (hinh 2.1). Viéc kiém chirng duogc thuc hién
bang cach so sanh két qua mo phong véi két qua tinh toan 1y thuyét va mot sd
dir li¢u tur thtr nghiém ban bay.
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3.2.1. Chwong trinh tinh todn dpng luc hoc theo cdch tiép cin ly thuyét

Chuong trinh tinh toan dugc thuc hién theo so dd trén hinh 3.4: Trudc hét,
ap dung phuong phap tinh toan khi dong cho mo hinh tén tham do da néu trong
luan 4n, ta xac dinh dugc cac hé s khi dong cung cac dao ham cua ching, dugc
st dung lam dau vao cho bai toan khao sat dong luc hoc.

-bo cao va van tdc theo O
-Hé s6 luc can M0 hinh tho,l gla}n T N 2 Pac
chinh dién Co(Mh); |, | Pénglye | | |C8C hé so khi dong theo | | MO binh chuven 2] m, (1)
-Khdi lugng m(t); hoc chit thoi gian R |:> cone goc cud. p(D); a2, (1);
Liuc d:fly T(: didm -Khéi  lugng, md-men tén Itra tham do % ,th;’in sé
me day 11, An ti Si g 2.3.2)
-G6¢ phéng: e 233 quén tinh theo thoi gian (muc  dao khi
phong (my ) -Luc day theo thoi gian. duy a0 xhac
-Cac yéu t6 bat doi xirng

Hinh 3. 4. So' @6 nguyén Iy tinh todn theo cdch tiép cdn Iy thuyeét.

Céc tham s0 duoc dua vao mo hinh 1y thuyét dé tinh tan s6 dao dong riéng
ctia tén ltra w, va van téc quay quanh truc px (muyc 2.3.2), phuc vu dy doan thoi
diém cong hudng va nghién ctru hién tuong khoa tan s6. Tiép theo, chuong trinh
MATLAB dugc xay dung de giai h¢ phuong trinh vi phan (2.58) bang phuong
phap sb (muyc 2.3.3), xac dinh dién bién theo thoi gian ciia gdc tin, goc trugt canh
va van toc quay quanh truc, qua do danh gia dinh lugng hién tugng cong huong
va khoa tan so cta tén lira tham do.

Trong md phong, cac yéu td bat doi ximg vé khi dong, khdi luong, luc day
va cac goc J- (goc tao chuyén dong quay quanh truc tén lira) khac nhau duoc xét
dén nham phan tich sau hién twrong cong huong va khoa tan sd. Pong thoi, anh
hudng ctia mé-men cam ing quay quanh truc dugc xem xét thong qua so sanh cac
treong hop c6 va khéng c6 mo-men ndy, tir d6 rat ra cac nhan xét va két luan.
3.2.2. Xay dung chwong trinh mo phong dong luc hoc bay 6 bdc tw do

Chuong trinh moé phong dong luc hoc bay cua tén Itra dugc xay dung
theo mo hinh 6 bac tu do (da trinh bay & muc 2.4) véi cac hé s6 luc va mo-
men khi dong dugc xac dinh theo muc 2.2. (hinh 3.6).

-Cac hé s6 khi dong theo sb
Mach va d¢ cao;

-Khéi lwong va md-men quan Ag/e[lrsni 6 p(t); s (t);

tinh thio tho1 gian; :> bac tu do Céc tham s
-Luc day T(#); (muc 2.3.1) quy dao khac
-G6c phong; -

-Céc yéu to bat doi xirng

Hinh 3. 5. So' dé nguyén 1y tinh todn theo cdch tiép cin mé phong bay.
3.2.3. Klem chimg tinh todn, mo phong dong luc hoc bay

Pé kiém chimg d6 tin cdy cua cac phu0’ng phap tinh toan, m6 phong
dong luc hoc, trudce hét ta so sanh két qua quy dao thu dugc tir mo hinh chat
diém duoc lap trinh tinh toan trén MATLAB va m6 hinh mo phong 6 bac tu
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do x@y dyng trén phan mém MSC Adams véi dit liéu do duoc trong qué trinh
phdng mau rat gon cua tén ltra tham do TV-02 (hinh 3.6).

a . :
) A% - - b) 15000 ==:Ly thuyét
ST Ly thuyet —Mé phdng
: (——Mophong — - - D liéu do
10! £E 10000
] =
X o
o 3
S 5 Q 50001 f A
<O /
(n] i I/
0 | b | 0 N | N .
-5 0 5 10 0 50 100
Tam xa (km) The&i gian (s)
©) 1500 - , d 5,
=«=sLy thuyét —M®& phéng
—Mb phong a0l - - D liéu do
- - Dir liéu do
@ 1000 | — _
é 'ﬁ 30
\(B (]
(%} =
«Q G 20
=] Fr
‘g. SOOI*
> [ 10t
[
0k : ‘ 0 ‘ ‘ ‘
0 50 100 0 20 40 60 80 100
Thei gian (s) Thei gian (s)

Hinh 3. 6. Quy dao so bo ciia tén liia

3.3. Két luan chwong

Trong Chu’ong 3, nghién ctru sinh x4y dung cac chuong trinh tinh toan
dong lyc hoc va thye hign kiém chung phu:O’ng phéap nghién ctru tréen MATLAB
nhim tinh quy dao so bg va cac tham so bay; dong thoi, cac chuwong trinh xé4c
dinh tan sO0 dao dong, tan s6 quay va du doan cong huong, cling nhu nghién
ctru mbi lién hé gitra cong huong va hién tuong khoa tan s6, duoc phat trién
dua trén cac co so 1y thuyét.

Chwong 4: PHAN TICH CONG HUONG GIUA DAO PONG
DO SU'BAT POI XUNG VA CHUYEN PONG QUAY QUANH TRUC

4.1. Xac dinh thoi diém cong hu’o’ng

Ket qua tinh todn theo mé hinh ly thuyet trén hinh 4.1 cho thay cac do
thi van téc goc quay quanh truc p(t) ang véi goc léch canh dudi 6r= 0.1+0.5
d6 lan luot giao cat véi duong wn(t) tai nhiing thoi diém khéc nhau trong g|a|
doan dong co 1am viéc (0 + 4.2 s). Nhan thay khi 6= 0.3 d6, duong p(t) ¢ 03
diém giao cit voi duong wa(t), day 1a cac diém nghi ngd cong huong.

Két qua mo phong (hinh 4.2) cung cho thiy cac dinh cong hudng xuat
hién tai cac thoi diém tuwong Gng Véi cac diém nghi ngo cong huang ma mo
hinh Iy thuyét da chi ra & hinh 4.1 véi goc léch bat dbi xtng da= 0.1 dd.



15
6, =0.1do (Ly thuyét)

e T A A, w
U n
© —~o-p(5, = 0.1 dd)
S —-p(6.=0.2 d?)
o —p(6 =0.3 d9)
Q ~
«Q p(5r =04 dc.z))
<§- +p(§r =0.5 do)
>
o
=
@
=
(2]
=
[{e]
s
o
1]
§ PHR TSN e Bro<.
«O ____ ———————————————
() o
c —6 ° \ ! |
T oo 10 20 30 40 50 60 70 8 90 100
Thei gian (s)
Hinh 4. 1. Tan so6 dao dong riéng va van toc goc quay quanh truc
voi cac gia tri o Kh&c nhau.
6, =0.1 do (M6 phéng)
6 —
—3.=00 do
—e—5r =0.1 dé
SP --.0.=02 a8
—5 =03 do
4+ 5r= 0.4 @6
5 6-6 = 0.5 do
z
c o
%<0
e
3
S 2
I

0 10 20 30 40 50 60 70 80 90 100
Thei gian (s)

Hinh 4. 2. Géc tan khéng gian véi cdc gid tri & khac nhau khi &= 0.1 dg.

4.2. Cong hwéong va khoa tan so khi cé bat doi ximg
4.2.1. Bit doi xvrng khi dpng

Khi & = 0.1 @, trén hinh 4.3 xuat hién 03 diém cong hudng, twong
trng véi 03 giao diém cua do thi p(t) voi an(t). Khi do, d6 thi Otsp(t) c6 03 dinh
cong huong twong Gng cac thoi diémt ~ 3.4+3.6 s ; 16+17 s va 84+86 s, ching
to hién tuong cong hu’O’ng da lam gia tang gi4 tri cua goc tan khong gian. Khi
tang & 1én 0.3 trong khi van giit nguyén gia tri & = 0.3 do, trong giai doan dau
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t =(0; 4.2 s) (hinh 4.4) duong do thi cua p(t) van bdm theo pu(t), tuy nhién da
xuat hién vi tri ¢6 xu hudng tach ra tai thoi diem t = (3.4+3.6 3).
5,=0.3d6; 5,=0.1dd

)

rad/s

Van toc goc, tin s6 DD riéng, (

Vin téc goc, tn s6 DD riéng, (rads)

Géc tan (do)

Géc tan (do)

5,=0.3d6; 6, =0.1dd

60 1
40 |
20t
0 L L
1 2 3
Thoi gian (s)
5,=0.33d6;6,=0.1d6
0.8 : \
— -a Iy thuyét A
0.6 —ag md phong
04+
0.2
0 L
1 2 3

Thei gian (s)

=]

D
[e)

N
(e

[\
(e

Vian thc goc, tin sé DD riéng, (radss)

[{e]

Goc tan (d

20 40 60 80 100
Thoi gian (s)
6,=0.3d06; 6,=0.1d0

- -ag, ly thuyét
—asp md phong

20 40 60 80 100

Thei gian (s)

Hinh 4. 3. Hién tuwong cong huong khi & = 0.3 dé va o = 0.1 do.

8,=0.3do; 65, =0.3do
60 ¢
40 1
20 |
0 L I
1 2 3
Thoi gian (s)
8,=0.3d9; 65,=0.3d0
3 .
- -asply fhuyfat /,\
o —asp mé phéng:
1 L
0 L L
1 2 3

Thei gian (s)

)

rad/s
[@))
(e}

AN
]

o

6,=0.3d6; 6,=0.3d0

Van toc goc, tn so DD riéng,
[\
(e

—_ [\
L N

Géc tan (do)
()

100

20 40 60 80
Thoi gian (s)
6,=0.3d6; 6,=0.3do

- -agly thuyét

—ag, md phdng

oS W

20 40 60 80 100
Thei gian (s)

Hinh 4. 4. Hién tuwong cong huong khi & = 0.3 dé va o = 0.3 do.
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Khi &2 = 0.6 6 (hinh 4.5), hién tuong cong huong chuyén thanh
khoa tan s6, do thi p(t) trong giai doan dau van bam theo pw(t), nhung sau
thoi diém cong huong, ndé da bam theo do thi wn(t), dong thai goc tan duy
tri gia tri cao trong giai doan nay. Pay chinh 13 hién tugng khoa tan so
xuat hién khi yéu t6 bat ddi xing du I6n. Cac hinh 4.3+4.5 ciing cho thay
sy thong nhat gitta mo hinh ly thuyét va mé phong, khi ma céc gia tri cua
p(t) va asp(t) cua hai mé hinh khong co nhiéu su khac biét trong suot thoi
gian bay. Piéu nay khang dinh d¢ tin cay cua ca hai md hinh trong nghién
ctu hién tuwong khoa tan sé.

6,=0.3d6; 6,=0.6 do —_ 6,=0.3d6; 6,=0.6 do
i 60 _ _, ) ﬁ 60 |
sg 40 | ‘g 40
8 g
g 20 ‘5 20
-3 ‘ ‘ — g
<§ 1 2 3 4 c 20 40 60 80 100
<'>5- Théi gian (s) S Thei gian (s)
6,=0.3d06; 6,=0.6 do 6,=0.3d6; 6,=0.6do
10 - . 10 ;
- -ag Iy thuyét | — -ag 1y thuyét
o / L s
= —ag mé phéng s "g' —ag md phéng
) Z
c
o
13 ‘0
0
® o

2‘0 4‘0— 6‘0 8‘0 1 60
Thei gian (s) Thei gian (s)
Hinh 4. 5. Hién tuwong cong huong khi & = 0.3 dé va 6a = 0.6 do.

Tiép theo, khao sat truong hop o = 0.3 d9, da = 0.9 d6 v6i cac hudng
léch Pa khac nhau. Ket qua cho thay anh hu:ong cua dai luong géc hudng 1éch
dén gid tri ctia van toc goc quanh truc va goc tan la khong 16n, khong lam thay
d6i xu thé chung cua két qua (hinh 4.6). Do do, khi nghién ciru dong lyc hoc
tén Itra trong truong hop co yéu td bat doi xung khi dong, ta co thé bo qua anh
huong cua hudng 1éch ga va chi chon mot gid tri dai dién dé xem xét.

Pé 1am rd anh hudng cua hién tuong cong hudng va khoa tan s6 dén cac
tham s6 dong luc hoc bay, ta khao sat anh huéng dén qué tai phap tuyén va luc
khi dong phap tuyén khi & = 0.7 6. Két qua cho thay véi & = 0.3 do va gia
tr1 cuc dai cua cac dai lugng nay duy tri & muc cao so véi cac truong hop con
lai trong phan 16n thdi gian bay (hinh 4.7).
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(00)

5,=0.3dd; 6,=0.9 do 5,=0.3d6; 6,=0.9do
50
E E - p,=0d0o
g g4 — 9, =90d0
g g 30 o= -90 d&
o o.. =180 dg
o o 20 L ¢a O
‘e e
c c 10}
«(T- <«(T-
> | | - N ‘ | | |
1 2 3 4 20 40 60 80 100
Thei gian (s) Thei gian (s)
6,=0.3d06;6,=09d6 6,=0.3do; 6,=0.9do
201 - ¢,=0do
© © 15 —@,=90d0
i Z -, =-90 d6
c c
G « 10 HlIl .- ®, =180 dd
%) 0
e ‘0
o O Se
0 I | L L )
20 40 60 80 100
Thei gian (s) Thei gian (s)
Hinh 4. 6. Anh hudng ciia hudng léch ga khi & = 0.3 do va 62 = 0.9 do.
5a =(0.7 do 53 =(.7 do
& 100 © 10y
g I (6.=0.1 do) - (6.=0.1 d3)
5 —(6.=02 do) 3 —(6.=02 o)
a 50 --(5,=03do) g s (5,=03 do)
s ——(6,=0.5 do) 2 & —(6.=0.5 d5)
' S
+ ‘@
N I S P R =} TN Sy T @€
1 2 3 4 20 40 60 80 100
Thei gian (s) Thei gian (s)
3 (53 =(0.7d0 % 000 53 =(.7 do
= 10000 §5 I
.‘% E.. | N (O (6r =0.1 d(i))
: I O e
& 5000 5 00 " (6= 05d0)
g’) c : —9—((5r =0.5 dO)
g ol .
N _: - -
< = oot
x 0 s :
0 4
g_ 3 20 40 60 80 100
a

Thei gian (s) ) Thei gian (s) )
Hinh 4. 7. Su phu thudc ciia qua tdi phdp tuyen va luc khi dong phdp tuyén
khi co bat doi xving khi dong voi cac gia tri khac nhau cua & ( % = 0.7 do).
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4.2.2. Bat d0l xung luc day

Bat dbi xtmg lu:c day duogc the hién qua gbc Iech or cua dong co so voi truc
doc va hu:ong léch ¢r. P6i v6i bét doi xu‘ng luc day dong co, ta chi xét giai doan
tich cuc cua tén Itra tham do, khi dong co con hoat dong. Trén hinh 4.8, khi or =
0.5 d0, ta nhan thay hién tuong cong huong xay ra, chua c6 khoa tan so, trong
khi v&i or = 2.0 d9, duong p(t) d bam theo d6 thi wn(t) ngay sau thorl diém
cong huong, do 1a hién tuong khda tan so.

) 6,=0.3d0; 6;=0.5d0 6,=0.3d0; 6;:=2.0d0
B 60 [ % 60 :

5§ 407 sg 40
‘® a8
g 2 @ 20
8 "’ £ o

<%- . . "‘§ e .

> Thei gian (s) s Thei gian (s)

> ~ ~
6,=0.3d9; 6;=0.5d0 6,=0.3d0; 6;=2.0d0
157 15 '
. — a__ly thuyét - oIy thuyét
) sp I sp? T

o 10 —ag, mo phong 1011 —a mb phdng
=) o |

c i) I

<5 c

9 g i

© o ‘ | o ol ‘

1 2 3 4 o 1 ) 3 4
Thei gian (s) Thei gian (s)

Hinh 4. 8. Két qua tinh todn Iy thuyét va mé phong khi 6r = 0.5va 2.0 dg.

4.2.3. Bit déi xirng khéi lwong

Tién hanh khao sat véi cac gi tri khéc nhau ciia su bat d6i xtimg khdi lugng A
, VoL A, = Ac

(d/2)

thuyét va mo phong déu bam theo duong thiét ké ptk(t) trong ca giai doan dau va giai
doan sau (hlnh 4.9). Biéu ndy chimg to mic du xuat hién cong huong, nhu:ng hién
twong khoa tan sb chua xay ra. Khi ting AC 16n 6%, hién trong khoa tan sb chua xuat
hién & giai doan dau khi dong co hoat dong nhur trén hinh 4.10, nhung & giai doan dong
co ngimg hoat dong, hién twong khoa tan sb da xuét hién khi ma do thi cia p(t) da
khong con bam theo duong thiét ké pu(t), ma bam sat vao dudng an(t) trong hau hét
thoi gian bay. Diéu ndy c6 thé dugc giai thich I do giai doan dong co hoat dong, mo-
men sinh ra bai luc day can bang véi mé-men do luc can chinh dién gy ra.

x100%, ta thay truong hop A = 3%, d6 thi caa p(t) theo ly
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Hinh 4. 9. Két qua tinh todn Iy thuyét va mé phong khi E =3 %.
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Hinh 4. 10. Két qua tinh todn 1y thuyét va mé phong khi E =6 %.
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4.3. Anh huéng ciia chuyén dong quay quanh truc téi van dé cong huéng

Két qua cho truong hop & =0.3 d6 va & = 0.6 d6 (du 16n) nhu trén hinh
4.11, ta thay khi khong tinh dén cac sb hang chua thanh phén van téc goc quay
quanh truc p(t), hién tugng cong huong va khoa tan s6 khong xuat hién, tréi
ngugc voi truong hop co tinh dén céac s6 hang nay. Cung vdi cac két qua khao
sat doi voi bat d6i xung luc day va khoi luong c6 thé khang dinh sy twong tac
giita chuyén dong quay quanh tryc va dao dong cua tén lira 13 nguyén nhan
chinh gay ra hién twong cong hudng va khoa tan sb.
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Hinh 4. 11. Anh huéng ciia thanh phan vin toc géc quay quanh truc p(t)
dén hién twong céng huong.
4.4. Anh huéng ciia mo-men cam ing quanh truc doc t6i van dé cong huéng
va hién tuwgng khoa tan so

Khi & =0.1d6 (hinh 4.12), cdc d6 thi cia p(t) va as(t) tinh toan theo

mo hinh ly thuyet tring vei truong hop khi khong tinh dén mo-men cam tng (ky
hiéu 1a chi s6 trén ‘no-ind”). D& dang nhan thay hién tuong cong hudng xay ra
v6i ca hai truong hop. Khi & = 0.9 do (hinh 4.13), khi ¢6 tinh ¢én mé-men cam
mg quay quanh truc, hién tuong khoa tan sd xay ra. Trong khi do, khi bo qua
thanh phan moé-men ndy, chuyén dong cua tén lira van chi twong tmg véi hién
tuong cong hudng thong thudng. Do d6, co thé két luan ring mo-men cam tng
quay quanh truc 14 nguyén nhan gay ra hién tuong khoa tan so.
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Hinh 4. 12. Ket qua tinh todn ly thuyét anh huong cia moé-men cam ting

quanh truc doc (Bat doi xung khi dong khi 62 = 0.1 do).
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Hinh 4. 13. Két qua tinh todn Iy thuyét anh huedng ciia mé-men cdm vimg
quanh truc doc (Bat doi ximng khi dong khi & = 0.9 do).
Két qua tinh toan cho truong hop bat dbi xtng hee day va khéi lugng, ciing
cho thdy xu thé twong ty nhu trudng hop bat ddi xing khi dong: khi gid tri bat
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doi xtmg nho (hinh 4.14), khong c6 nhiéu sy khac biét gitra p(t) va as(t) co va
khong c6 m6-men cam ng, con khi gia tri bt dol xtmg tang du 16n (hinh 4.14),
ca mo hinh Iy thuyét va mé phong déu chi ra rang hién tuong khoa tan sd xay ra

Véi trudng hop cé tinh dén mod-men cam g, trong khi néu bé qua md-men nay
thi chi con hién tuong cong hudéng don thuan.

6,=0.3do; 6;=2.0d0 (LT) 6,=0.3d0; 6;=2.0d6 (LT)
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Hinh 4. 14. Két qua tinh todn 1y thuyét va mé phong dnh hudng ciia mé-men
cam vmg quanh truc doc (Bat doi ximg lyc day khi &t = 2 dg).
4.4. Két luan chuong 4.

Chu’(mg 4 da phan tich anh hudéng cta cac dang bat doi xtmg khi dong,
luc day va khéi luong dén dong luc hoc bay cua tén lra tham do, tap trung vao
hién tuong cong huong va khoa tan so.

Két qua cho thay, voi mau tén lra hién tai, hién tuong cong huong XUt
hi¢n khi o =0.3 do va co thé xay ra & cac giai doan khac nhau cua chuyen bay
tuy theo dang bt dm xung. Khi mirc do bat dbi xtmg du 1on, cong huong phat
trién thanh khoa tan s0, lam van tbc quay quanh truc bam theo tan sé cong
huong va khién goc tan duy tri & mic cao trong thot glan dai.

Trong céc truong hgp cong hu:ong va khoa tan sb, qua tai phap tuyén va luc
khi dong phap tuyén ting manh va cd thé duy tri kéo dai, tiém an anh hudng den
két cAu va thiét bi trén khoang Chuyén dong quay quanh truc 1am thay ddi tan 30
dao dong riéng cua h, con md-men quay quanh truc cam tmg dong vai tro quyét
dinh d6i véi hién tuong khda tan so, trir truong hop bat dbi xiing khéi lugng.

Két qua tinh toan tir mo hinh ly thuyét va mo phong cho thay su twong
ddng cao, khang dinh db tin cay cua hai cach tiép can.
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KET LUAN VA KIEN NGHI

1. Két qua dat dwgcC

Luan an tién hanh khao sat, phén tich dac tinh chuyén dong cua tén lua
trong sudt qua trinh bay, dac bi¢t tai thoi diém cong huong va giai doan khoa
tan so, dong thoi dé xuat phuong phap du doan thoi diém xay ra cong huong
va phan tich nguyén nhan. Cu thé nhu sau:

- Hoan thién viéc xay dung phuong phap panel két hop véi cac cong thirc
ly thuyét va béan thuc nghi¢m phuc vu tinh toan cac h¢ so khi dong cua tén lra
tham do, trong d6 tinh dén dy du cac thanh phan khi dong khong dung. MO
hinh nay da dugc kiém chiing thdng qua viéc so sanh véi cac két qua thuc
nghiém cua cac cong trinh nghién ctru uy tin, ddm bao do tin cay cao.

- Xay dung duoc céch tiép can ly thuyet trong nghlen ctru dong luc hoc
tén Itra tham do dua trén mé hinh chat diém (dung dé xac dinh quy dao ly tuong
cua tén Itra lam co s¢ cho cac nghién cau tiép theo), phuong phap xéac dinh cac
tan sb dao dong va tan sé quay quanh truc caa tén lia (ding trong du doan cac
thoi diém co thé xay ra Cong hudng), mo hinh phan tich Cong huong (dung dé
phan tich nguy@n nhan cua cé4c hién tuong cong huong va khoa tan so).

- Xay dung mo hinh dong luc hoc 6 bac tu do caa tén ltra tham do st
dung trong khao sat, phan tich dong luc hoc bay cua tén lra va kiém chang do
tin cay cua cac moé h|nh ly thuyét.

- Phan tich hién tuong cong huong va khoa tan sé cuatén lra quay quanh
truc: Khi mtrc do bat dol xung dua lon, cong hu:ong c6 thé dan dén hién tuong
khoa tan so, 1am goc tan va qua tai duy tri & gia tri lon trong thoi gian dai. Mo-
men cam (rng quay quanh truc la nguyen nhan chinh gay khoa tan so trong
truong hop bat doi Xu’ng khi dong va luc day, trong khi vai bat doi xing khi
luong, hién tugng nay chu yéu do mé-men khi dong sinh ra béi su Iéch tam.
2. Nhitng dong gop méi caa luan an

- Xay dung dugc md hinh toan hoc mo ta chuyen dong tong quét trong
khong gian cho tén lira tham do, co tinh dén céac yéu to bat doi xtng, trong do
mo hinh khi dong duoc phat trién dya trén phuong phap panel, két hop cac
cong thire giai tich, ban thye nghiém, ¢6 tinh to1 yéu t6 khong du’ng

- Xay dung duoc mé hinh Iy thuyet phén tich nguyen nhan va di€u kién hinh
thanh ctia hién tu:ong cong huong, “khoa tan s6” ddi véi tén lira thdm do ¢ do cao thap.

- Phén tich va lugng hoéa dugc anh huong cua cac yéu db bat d01 x(mg
dén hién tuong cong hudng va “khda tan s6”, 1am co so dua ra mot s6 khuyén
cao k¥ thudt cho qua trinh thiét ké, che tao, van hanh tén Itra tham do.

3. Kién ngh1 vé hwong nghlen cwu tlep theo

- M6 rong 4ap dung cac mo hinh va phuong phap ctia luan an cho cac ddi
twong bay tuong ty nhu tén lura day, dan phdo va cac phuong tién bay co
chuyén dong quay quanh truc;

-Tiép tuc hoan thién va phat trién mo hinh toan hoc dé nghién ctru va phan
tich sdu hon ban chat cua hién tuong khoa tan sd.
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