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MO DAU

Tén hira tham do (Sounding Rocket) di dirge nghién cira, phét trién tai nhiéu
quoc gia. dic biét tai cac mroe phat trién [1]. Pay 1a edng nghién ciru nhén dwrgc
st quan tAm cua c4c nha khoa hoc béi tinh 1mg dung cao trong nhiéu linh virc khéac
nhau nhir giam sat chat leong khong khi tang cao. dir bao thoi tiét, vién tham,
nghién cira cac tia vii try, thuee hién cac thi nghiém khong trong leong.... [2]. Beén
canh do, tén Iira tham do c6 nhiéu dac diém trong dong vaéi tén lira quén s do
d6, viée phat trién tén lira thim do co thé coi 1a mot trong nhimg tién d dé phat
trién cac dang tén lira dan dao phuc vu muc dich quoc phong.

Tén Iita tham do thurdong hoat dong chi yéu & 4o cao tir 40-200 km, dbi
khi ¢6 the dat dén dd cao 2000 km, fiy thudc vao thiét ké va nhiém vu cia
chiing [2]. Viing do cao néu trén nam gitra gi¢i han quan trac cua khinh khi
cau va vé tinh. Mot dac diém dang chi v nita cua tén Iira tham do 1a toc do va
gia toc 1on, dac biét @i véi cac tén Iira sir dung dong co nhién liéu ran, ching
c6 the dat van toc gap 5-6 lan van toc 4m thanh va gia toc trén 30g [3, 4].
Ngodi ra véi do cao dat dirge pho bién trong khoang tir 40-200 km, cic tham
s0 moi truong xung quanh tén Iira tham do thay doi trong mot khoang rong va
kha phirc tap. Nhimg dac diém néu trén cho thay tén lira thim do 1a mot doi
teong tirong doi phire tap trong viéc nghién ciru va thiét ké, ché tao. Mot so
mau tén Iira tham do noi bat trén thé gidi 6 thé ké dén nhwr Black Brant,
Aerobee cua Hoa ky; Centaure. Dragon cua Phap: Skylark cua Anh; T-7, Hoa
Binh ctia Trung Quoc: cac tén lira KSR ctia Han Quoc:. ..

Tai Viét Nam, hién da va dang trién khai cac dir an nghién ciru, thiét ke,
ché tao va thir nghiém mét s6 mau tén Iira dang tham do. Co thé ké dén cac mau
ten lira thir nghiem TV-01 thuoe Chuong trinh Khoa hoe Cong nghe vu tru giai
doan 2012-2015, dat do cao 4 km, c6 thé mang payload 3 kg; mau tén Itra tham
do TV-02 thude Chirong trinh Khoa hoc Cong nghé vii tru giai doan 2016-2020,
dat do cao xap xi 40 km, dira thiet bi c6 khoi lrong t6i 5 kg 1én ting cao khi
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quyén dé thu thap cac dit liéu khi trong, phuc vu cho dir bao thai tiét, do tham
khong gian, an ninh quoc phong [5]. Cac mau tén Iira néu trén déu co dic diém
chung 1a phong theo hiréng gan thang ding va duoc sir dung dé mang tai trong
co ich td1 mot do cao mong muon.

Nghién ciru cac van dé lién quan téi chuyén dong va déng hue hoc bay
dong vai trd quan trong trong thiet ké va ché tao tén Itta néi chung va tén lira
tham do néi riéng. Nhiéu van dé can dwoc khao sat, danh gia nhwr sir 6n dinh
clia tén lira, anh hurong cna yeu to bat doi ximg va cac sai s ché tao, sir cong
hwéng gitra cac kénh chuyén déng, ... Cac nghién ciru trude diy da sir dung
nhiéu mo hinh dong hre hoc bay véi muirc d6 phire tap khac nhau tir cac md hinh
don gian dang chat diém t&i cac mé hinh 6 bac tir do cua tén lira. Tuy nhién,
doi véi hién trong cong hréng lién quan téi s quay quanh true, cac nghién
ctru chi yéu dira trén cac mé hinh dong hre hoe don gian, chua gan véi cac mo
hinh tén ra trong diéu kién bay thure c6 do phire tap cao. Trong diéu kién cong
nghé san xuat va ché tao tai Viét Nam con nhiéu han cheé, céc sai so khong
mong muon trong qua trinh ché tao 14 khong thé tranh khoi. Mot so dang sai s0
c6 thé ké dén nhuwr sai s6 vé két cau (khéng dam bao tinh d6i ximg vé mit phan
bo khoi hrong), sai s6 ve vée-to hre day dong co, sai so vé hinh dang khi dong,
.. Cac yéu t0 bat doi ximg khong mong muon xuat phat tir cac sai sO néu trén
khi cong hurong véi chuyén dong quay quanh truc c6 the tao ra cac dao dong
bién do 16m, anh hirong tdi cac dac tinh dong luc hoe, ciing nhir qu¥ dao chuyén
dong cua tén Iira, tham chi giy ra pha huy két cau tén lira.

Tir nhimng phén tich & trén. 6 thé két ludn rang, dé tai “NGHIEN CUU
HIEN TUONG CONG HUONG DAO PONG DO CAC YEU TO BAT
POI XUNG VA CHUYEN PONG QUAY QUANH TRUC CUA MAU
TEN LUA THAM DO O TANG THAP” 13 van dé mang tinh c4p thiét, c6 y

nghia khoa hoc va thye tién.



i. Muc dich, @oi twong va pham vi nghién ciu ciia dé tai luin dn

Muc dich nghién cifu cila dé tai ludn dn

- Xay dung cac mo hinh tinh toan va mo phong khi dong va dong hirc hoc
bay caa tén hra tham do khi tinh dén day du cac yéu t6 dac trumg vé mat khi
dong, dong luc hoc;

- Khao sat anh hwéng ciia cac véu to bat déi xiing cua tén hira tham do
dén cac tham so quy dao bay va sir cong hrong dao dong khi c6 chuyén déng
guay quanh truc.

-Panh gia két qua va dira ra cac khuyén cio cho qua trinh thiet ké va ché
tao ten hia tham do.

Poi trong nghién ciru ciia @é tai ludn dn

Doi tirong nghién ciru 12 mau tén Iira tham do mot tang dong co nhién
liéu ran, khong diéu khién bay & tang thap (hoat dong chu véu trong tang doi
Iwru ciia khi quyén).

Pham vi nghién ctfu ciia dé tai ludn dn

Pham vi nghien ciru la hién twong cong huong dao dong va hien tuong
khéa tan so do su bat doi ximg va chuyén dong quay quanh truc cua tén lia
tham do va cac van dé dong lrc hoc ¢o lién quan.

ii. Phirong phép nghién ciru cia dé tai ludn dn

Trong nghien ciru nay, nghien ciru sinh (NCS) sir dung cac phuwong phap
va mo hinh cho tinh toan va khao sat dic tnrng khi dong va dong Iwc hoce bay
cho doi frong tén hira tham do.

Poi voi tinh toan khi dong, NCS sir dung phirong phap panel [6] két hop
véi cac cong thire 1y thuyeét, ban thue nghiém dé xiy dung md hinh tinh toan
cac hé so khi dong cho tén hira tham do. Cac gia tri nay 1a dau vao cho chirong
trinh khao sat cac tham sé dong lwc hoc ciing nhwr nghién ciru vé hién trong

cong hwrong va khoa tan so.



Doi voi bai toan dong lire hoc bay, NCS sit dung hai cach tiép can: 1y
thuyét va mé phong.

Cac churong trinh tinh toan theo cach tiép can 1y thuyét dirge xay dung
trén phan mém MATILAB dira trén cac mo hinh sau:

- M6 hinh dong e hoc chat diém: Khao sat qui dao so bo cia tén lira
ciing nhir cac tham s6 dong hire hoc theo théd gian:

- Mb hinh chuyén déng goc: Sir dung mot so gia thiét don gian hoa hé
phirong trinh chuyén déng. két hop véi dir liéu quy dao fir mé hinh dong lue hoc
chat diém dé tinh toan mo phong chuyén dong cua tén lira theo goc tan, goc trrot
canh va géc quay quanh truc. Tir d6 xac dinh dwgc cac tan so dao dong riéng, du
doan thoi diém xay ra cong hirong, dap vmg cuia tén lra khi 6 cong hrong va khoa
tan soO trong qua trinh bay,

DOoi voi cach tiép cin mo phong, nghién ctru sinh mo hinh hoéa tén lira
trong phan mém MSC Adams [7] v6i 06 bac tir do. Hé phwong trinh déng Ic
hoc durge thiét lap dua trén mo hinh ctia Thomson [8] c6 tinh dén anh hudng
cia sy thay doi khoi hrong va cac dac tnrng quan tinh trong qua trinh bay.
Nghién ciru sir dung bo giai hé phurong trinh vi phan chuyén dong cia MSC
Adams theo phirong phap du doan-chinh sira [9] dé xac dinh sir thay doi cac
tham so chuyén dong cua tén lira trong khi bay,

Cac veéu to bat doi xing khi dong, lwc day va khoi lrong drge mo
hinh héa va dua vao hé phuong trinh chuyén dong cua tén la trong ca mo
hinh 1§ thuyét va mo hinh moé phong. Viéc khao sat sy cong hieong va tham
s0 dong lue hoc cua tén lira duroc thue hién dua trén ca hai cach tiép can.
Két qua khao sat theo md hinh 1y thuyét va mé phong duoc so sanh vai mot
s0 két qua thue nghiém va kiém ching chéo 13n nhau trong cac triromg hop

bat doi xing.
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iii. Y nghia khoa hoc va thue tién cia dé tai luin 4n

- Luin an co nhitng déng gép mai vé mat phrrong phap nghién ciru, tinh
toan dic tinh khi dong cho tén hira tham do ndi riéng va cac loai thiét bi bay toc
do cao noi chung.

- Cac mo hinh tinh toan 1y thuyét c6 thé ip dung dé tinh toan va phan
tich cac hién nrong lién quan dén dong e hoc, hién tirong cong réng va khoa
tan so cua cac doi trong tén Iira khac.

- M0 hinh dong lie hoc 6 bac iy do va chuong trinh moé phong bay duroc
xay dung trong dé tai luan an co thé ap dung cho tén Iira tham do va cac loai
ten Iira khac.

- Két qua khao sat cac van dé lién quan téi hién trong cong hwong gitra
chuyen dong quay quanh truc va dao dong do su bat doi ximg sé gop phan dira
ra cac khuyén cao nham nang cao chat hrgng cac mau thiét ké tén Iira tham do
trong twong lai.

iv. Cdc noi dung chinh trong dé tai luin in

- Nighién ctru tong quan ve tén hira tham do va cac van de dong luc hoc,
cong huong chuyén dong.

- Xay dung phurong phap, mo hinh tinh toan xac dinh dac trumg khi dong
va mo hinh tinh toian dong lyc hoc theo 1y thuyét va chirong trinh moé phong
dong lwye hoc bay cho tén lira tham do.

- Kiém chimg cic phirong phap nghién ctru va mé hinh tinh toan.

- Nghién cim hién tirong cong hurong chuyén dong va khéa tan s6 do cac
yéu to bat d6i ximg gay ra;

v. Bo cuc, két cau ciia luin dn

Tong thé két cau Luan 4n bao gom phan Mé dau, 4 Chwrong ndi dung va
Phan ket ludn - kién nghi ena ludn an; Danh muc cac cong trinh da céng bo cua

tac gia ludn an va Tai lieu tham khao.



Chuong 1. TONG QUAN VE VAN PE NGHIEN CUU

1.1. Tong quan ve tén lira tham do
1.1.1. Gi6i thiéu chung vé tén lira tham do

Tén hira tham do dwoc phat trién tir cong nghé tén Itka quan s sau Thé
chién II, ban dau nham phuc vy nghién ctru khi quyén va khong gian. Mot trong
nhimg nén tang quan trong 1a tén ha V-2 cta Dire, duge sir dung trong cac
nghién ciru tién phong. Viao nhimg nam 1950, My da phat trién tén lira Aerobee,
mot trong nhimg tén lira tham do dau tién mang thiét bi phuc vu nghién ctru
khoa hoc 1én d9 cao 230 km. Cung théi diém, Hai quan My ché tao tén lira
Viking, dat do cao 254 km vao nam 1954, dong gop dir liéu quy gia vé tang cao
khi quyén. Cac mau tén lira nhir Nike-Asp, Nike-Tomahawk ciing duoc stra doi
dé nghién cimu tang dién ly va hién trong khong gian.

Hinh 1. 1. Tén lita Arobee ctia Hoa K3,



Trong giai doan 1960-1980, nhiéu quoc gia nhir Nhit Ban, Phap, An P
bat dau phat trién chirong trinh tén Itra thaim do, tmg dung vao nghién ciru khi
quyén va thir nghiém cong nghé khéng gian. Nhitng déng tén Itra nhir Black
Brant, Terrier-Orion. va cac mau thude chiong trinh NASA da thire hién hang
nghin nhiém vu khoa hoc, mang lai nhing tién bd trong linh virc cong nghé
khéng gian. Ngay nay, tén lira thim do tiép tuc dong vai tro quan trong trong
nghién ciru ting trung quyen, tang dién ly. hién twong thién vin hoc va thir
nghiém cdng nghé mdi tnirde khi trién khai cho cac sir ménh dai han.
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Hinh 1. 2. M6t s6 mdu tén Itka théom do clia Brasil.
Tén lira tham do c6 thiét ké don gian. chuyén dung cho nhiém vu nghién
et ngan han trong khi quyén hoac khong gian gan Trai Pat.
Vi chi phi thap, thoi gian chuan bi nhanh va hiéu qua cao, tén hira tham
do tré thanh cong cu dac hre, gitip mé rong hiéu biét cua nhan loai vé khi quyén

Trai Pat va khong gian vii tru.



1.1.2. Phoi tri két cau va dac diém cia tén hira tham do

Tén hra tham do cd thiét ké don gian va dic tha d& thure hién cac nhiém
vu nghién ciru ngan han trong khi quyén hoac khéng gian gan Trai Pat. Cac
tén Itta nay thirdng c6 hinh dang thudn dai véi mili nhon dé giam luc can khi
bay qua khi quyén. Kich thuiréc tong thé cua tén Iira c6 thé dao dong tir 5 dén
20 mét tiy theo thiét ké va nhiém vu cu thé. Cau tric chinh cia tén lra
thirong dwoce lam tir hop kim nhe nhir nhém hode titan dé giam trong lrong
nhung van dam bao d9 beén can thiét dé chiu dwoc ap hre va nhiét do cao
trong qua trinh bay [10].

Phan dau cua tén Itra tham dé thuong c6 dang hinh nén nhon dé giam e
can khi dong hoc khi tén Iira bay qua khi quyén. Mili tén Ira thirong duroc lam
tir vit liéu nhe va chiu nhiét tot, thwong co dang hinh non hoac parabol. Ngay
durdi miii tén Itra 1a khoang chita cic thiét bi do lrong va cam bieén. Khoang nay
c6 thé dugc thiét ké dé bao vé cac thiét bi khoi nhiét dé cao va rung dong trong
qua trinh phong va bay [11].

Thén tén lira 1a phan chinh noi lién mili tén Ira va dong co, chira cac hé
thong dién tir, hé thong diéu khién, va co thé chira thém cac binh nhién liéu
(néu str dung dong co long). Bén trong thén tén hira, cac hé thong dién tir diéu
khién chuyén bay. theo doi dir liéu, va lién lac voi mat dat dwge lap dat [12].
Hé thong nav giup tén Iiea gitr on dinh va bay diing quy dao (Hinh 1. 3).

Trén thén tén Iira thuong dwoe lap cac cum canh on dinh (canh duéi),
dam bao tinh 6n dinh khi dong trong qua trinh bay.

Phan cudi cuia tén lira chita dong co, co thé 1a dong co day ran hoac long,
hodc két hop ca hai. Pong co ran diroc sit dung phd bién do thiét ké don gian,
hiéu suat cao va do tin cdy. Mot so tén lira tham do c6 thé co nhiéu tang dong
co dé toi ru hda do cao va hiéu suat. Moi tang dirge kich hoat tan tir dé day

tén ltra dén do cao can thiét,



Canh dudi vai phut
Bubng nhién lidu

B mbi lira '
K&t cdu luc day ‘

Tén lira thiam db Aerohee . 3 : ;

Béng co day

Canh dudi
K&t cadu dudi
Biéng cor

#/: | II Cum thing chira
Mt kéo dai
G
Hinh 1. 3. Cdc thanh phan cdu tao cua tén liea tham do Arobee,

Mot s0 dac diém quan trong ctia tén lira tham do co theé liét ké nhir sau [13]:

- €0 kich thiréc nhé gon vdi chiéu dai dao déng tir 5 dén 20 mét; trong
Irgng tir vai tram kilogram dén vai tan.

- Thuong st dung dong co nhién liéu ran do tinh don gian, hiéu qua
va do tin cdv cao. Tuy nhién, mot so tén Iita c6 the sir dung dong co long
hoac ket hop ca hai loai dong co nav dé dap tmg cac yéu cau cu thé cua
nhiem vu va tinh nang.

- Hau hét cac tén hia tham dé c6 tir mot dén hai tang. Tang dau tién gitip
dura tén Itra virot qua cac tang khi quvén thap, trong khi tang thir hai (néu co)
sé day tén Iira 1én dén do cao muc tidu. St tach ting gitp t6i vn hoa hiéu suat
va do cao dat duoe.

- Tai trong cua tén Iira tham do throng 14 cace thiét bi phue vu nghién ciru
khoa hoc nhir cim bién do ludng (nhiét do, ap sudt, mat do khong khi, o
trirong), may anh, quang pho ké, va cac thiét bi nghién cim khac. Tai trong
duroc thiét ké dé hoat dong trong cac diéu kién khac nghiét cua khi quyén cao

va khong gian.
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- Mot 50 tén lira thim do co kha ning tai sir dung, dac biét 1a cac khoang
chira thiét bi do lwdng. Sau khi hoan thanh nhiém vu. cac khoang nay c6 thé trar
lai Trai Pat bang du va dueoc thu hoi dé st dung lai.

- Tén lira tham do c6 thé duge trang bi cac hé théng diéu khién va on
dinh nhwr canh 14i hodc hé thong con quay dé dam bao bay theo quy dao mong
muén. Tuy nhién, do dic thi nhiém vu ngan han, hé thong nay thwong don
gian; trong nhieu trirong hop tén lira tham do co thé ban dan dao.

- Tén Iwra thdm do c6 thé dat 46 cao tir 50 km dén hon 1500 km. Théi
gian bay thirong tir vai phit dén khoang 30 phit. Trong khoang thoi gian nay,
giai doan vi trong e (microgravity) co thé kéo dai tir vai giay den vai phut,
tay thude vao do cao dat duge.

- Tén Iira tham do c6 the dirge phéng tir cac bé phong o dinh hoac di
dong. Chiing co thé dirgc phéng tir mat dat, tau thiy, may bay, hogc tir cac dia
diém xa x6i phuc vu cho cac nghién ctu dac biét. Sy linh hoat nay giup dap
lmg céc yéu cau nghién ciru tai cac vi tri dia 1y cu the.

- Tén Itra tham do c6 chi phi san xuat va van hanh thap hon so véi cac
tén Iira 16m; thoi gian chuan bi va phong tén lira tham do cling ngan hon, cho

phéep thue hién cac nhieém vu khoa hoc nhanh chong va hieu qua.

1.2. Tong quan nghién céu vé dong luc hoc bay va van dé cong hudng
chuyén dong ciia tén Iia tham do
1.2.1. Tinh hinh nghién ciru ngoai nwrd'c

Pe co thé khao sat diroc cac dac tinh chuyén dong va qu¥ dao bay cua
tén lira tham do, trede hét, can xiy dung cac mo hinh tinh toan khi dong hrc
hoc, dong lye hoc bay. Bén canh d6, viée nghién ciru cac van dé lién quan nhu
sir on dinh ddng va sir cong huéng giita cac kénh chuyén dong ciing 1a van dé
quan trong, can phai tinh dén nham dam bao kha ning hoat dong binh thurong

cia tén Iira tham do trong qua trinh bay. Cac van dé trén da duroc cac nha khoa
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hoc trén thé gidi quan tim nghién ciru tir nira dau the ky 20, gan véi su phat
trién clia cac mau tén lira tham do. Mot so két qua nghién ctra cu theé nhir sau:

Tinh todan kit dong lwrc hoc tén lira tham do

Xac dinh dac tinh khi dong e hoe dong vai trd quan trong trong nghien cir va
thiét ké tén Iira n6i chung v tén 1ira théim do ni riéng. Trén thye 6 c6 kha nhidu cich
tiép can khic nhau dé x4c dinh cic dic tinh khi dong e hoe ciia tén lir, gbm:

- Cach tiép cin dua trén cic phwong phap ban thuc nghiém bac thap
thong qua viéc két hop cac mé hinh Iy thuyét va mot s6 két qua ndi suy, ngoai
suy tir cac thue nghiem khi dong lwe hoe:

- Cach tiép can dira trén cac phirong phép so béc trung binh theo 1y thuyét
déng the (phwong phap xoay, phuong phap panel);

- Cach tiep can dua trén cac phirong phap so bic cao giai trye tiep hé
phuong trinh Navier-Stokes theo cac mo hinh tinh toan mo phong déng luc hoc
chat luu (Computational Fluid Dynamics — CED).

Cach tiép can dua trén cac phuong phap ban thire nghiém béc thap két
hop giita mo hinh 1y thuyét va két qua thye nghiém khi dong hire hoc ¢ wu
diém vé tinh don gian va th&i gian tinh toan ngan, phi hop véi cic nghién ciru
trong giai doan thiét ké y twéng. Tuy nhién, cac phurrong phap nay han ché vé
do chinh xac, thirdng khéng duoc sir dung trong giai doan thiét ké chi tiet [14].
Nhin chung, viéc thure hién cac thie nghiém khi dong hre hoe tirong d6i phire
tap, doi hoi thoi gian thire hién dai va chi phi cao cho céac thiét bi lap dat [15].
Do d6, mic di cé do tin cdy cao hon cic phirong phap so, thire nghiém khi
dong thuong chi dugce sir dung trong kiém chimg cac mé hinh tinh toan [16.,
17] hodc trong mot so trirong hop ma cac phirong phap so6 khoé cé thé dam bao
tinh chinh x4c theo yéu cau. Theo cach tiép cin ban thye nghiém, cac so lidu
thire nghiém ong thoi trong mot s6 truong hop co6 thé duoc sir dung cho vige

ngi suy va ngoai suy cua mo hinh tinh toan.



Bén canh d6, dé don gidn héa md hinh, cic hé so khi dong khong thé xac
dinh duroc théng qua thue nghiém c6 thé dwroc tinh to4n bang cac céng thire 1y
thuyét don gian. Mot so mo hinh khi dong ban thire nghiém ap dung cho tén hira
diroc str dung hién nay ¢6 thé duroc ké dén ninr mé hinh cia Krasnov [18]. Lebedev
[19]. mé hinh tinh toan theo phan mém Missile DATCOM [16. 20]....

C6 thé noi. cac mo hinh trén déu cé mot s6 nhirge diém nhat dinh. Doi voi
mo hinh tinh toan theo Krasnov va Lebedev. viéc dira trén rat nhiéu cac bang
bieu, d6 thi noi suy, ngoai suy khién cho chiing tré nén kém tién loi; két qua phu
thudc nhiéu vao yen to chil quan cua ngudi sir dung. Missile DATCOM duge
phat trién va déng goi thanh phan mém nén viéc sir dung twong doi tién loi. Tuy
nhién, day la phin mém mat vé tén lira ctia Bd Quoc phong My, chi durge phan
phoi chinh thitc cho mot s6 co s& nghién ctm gidi han, trong d6 khong bao gdom
cac co sO nghién ciu cua Viet Nam. Hien nay, chi co phién ban Digital
DATCOM duoc str dung rong rai khong rang bude [20]. Hinh 1. 4 mé ta so do
phdi tri cia mét tén Iira dién hinh va két qua tinh toan kiém chimg dac tinh khi
dong cho mo hinh ten Iira theo Missile DATCOM 97 va Aeroprediction (AP) 98.

Han ché cuia phan mém trén 1a khong tinh toan duoc cho bai toan khi
dong trén am, chi phit hop doi véi cac thiet bi bay dan sir. Ngoai ra, theo cach
tiép c4n ban thue nghiém, viéc tinh toan khi dong cho cac mau tén Iira ¢6 cau
hinh phi truyen thong tré nén rat khé khan, doi khi khong thé thue hién do thiéu
co so Iy thuyét va cac dit liéu thue nghiém.

Cach tiép can dira trén cac phirong phap so bac trung binh theo 1y thuyét
dong thé dam bao dé chinh xic & mire chap nhin dwoc cho cic nghién ciu &
giai doan sau cua qua trinh thiét ké, trong khi thai gian tinh toan va mire do
phire tap khéng qua 16n. Céac plrong phap pho bién theo cach tiép cin nay 1a
phirong phap xoay [21], phuong phap panel [22]. Trong do, phieong phap xoay

ap dung cho cic bé mat mong chiu hre khi dong theo phrong phap tuyen;
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phwrong phap panel 4p dung cho cac vit chay bao cé bé day. Viéc chia ludi chi
ap dung cho cac bé mat vit, do d6 tiét kiém dwoc thai gian va tai nguyén may
tinh so voi cac phurong phap bac cao. Xuat phat tir viée sir dung ham Green
trong giai phuong trinh T aplace (cho dong khi toc do thap khoéng nén) hodc
Glauert (cho déng khi toc d6 16m co nén). bé mat vit duoc rd rac hoa thanh cac
phin tir dang nguon, ludng cue hodc xody, két hop véi diéu kién bién khong
tham dé xay dung hé phwong trinh ma trén [6].
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Hinh 1. 4. Tinh todn kiém chimg ddc tinh khi déng cho mé hinh tén lika
theo Missile DATCOM 97 va Aeraprediction (AP) 98 [16].

Tuy theo diéu kién bai toan, ta cd thé chia ra thanh cac phwrong phap
dirng va khong dimg [23], phi tuyén va tuyen tinh [24]. Mot so nha khoa hoc
tién phong trong viéc phat trién cac phwong phap so theo 1y thuyét dong thé co
thé ké dén Katz (phat trién phuong phép panel phi tuyén, khong dimg & van toc
thap) [25], Belotserkovsky (phat trién cac phirong phap xoay khong dimg cho
cac van toc dudi 4m, cé tinh dén tinh nén ciia dong khi) [26]. Woodward (phat
trien phirong phap panel cho thiét bi bay van toc siéu 4m) [6]. Mot s6 nha khoa
hoc da sir dung cach tiép cin nay dé tinh toan cic hé so khi dong cua tén Iira
tham do nhwr Le va cac cong sy [27] (Hinh 1. 5).
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Hinh 1. 5. Mo hinh chia ot theo phironig phdp panel [27].
Cac phurrong phap theo 1y thuyét dong thé c6 thé xac dinh hau hét cac hé

s0 khi dong cuia céc dang thiét bi bay vdi cc cau hinh khac nhau. Tuy nhién,
do han ché vé mat 1y thuyét. cac thanh phan lién quan t6i lue can nhét va hiee
can day khéng thé xac dinh theo cach tiép cin nay. Pé co the dua ra duoc so
liéu day du vé hé so khi dong. mot s6 cong thire hodc mé hinh don gian c6 thé
duroe sir dung dé khac phuc han ché trén [28].

Cach tiép cén dua trén phurong phép s6 béac cao CFD co do tin cay lon.
tuy nhién, day 1a cach tiép cdn yéu cau k¥ thuat phirc tap va tai nguyén may
tinh 16m. P& giai triee tiép hé phurrong trinh Navier-Stocks. cdc phirong phap
CFD yéu cau chia hrdi trong toan bd khéng gian tinh toan [29]. Bén canh dé.
dé xac dinh cac thanh phan khi dong lién quan téi chuyén dong khong dimg.
cach tiép can nay tré nén dic biét kho khan do viéc yéu cau chia lwdi dong
[30] (Hinh 1. 6). Do d6. dé thu duoc day du cac hé so khi dong cua tén lira,
thiét bi bay. st dung CFD sé& tr¢ nén kem hiéu qua. Cac phwong phap nay
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chu yéu st dung trong qua trinh kiém chirng mé hinh hodc nghién ciru chi
tiét ve dong chay quanh thiét bi bay. Mot so phwong phap cai tién nhir sir
dung bién nhiing cé thé gitip giam thai gian tinh toan va giai quyét nhanh cae
bai toan khong dimg [31]. tuy nhién ching chu yéu 4p dung cho cac thiét bi

bay & van toc thap.

P g P B f—

Hinh 1. 6. Mo phong khi dong khong dimg ctia tén lira
ste dung heoi dong CFD [30].

M6 hinh khao sdt dong lige hoc tén Ura thdm do

M6 hinh chat diém

Trong mo hinh nay, toan bo tén Iira dugc coi la mot chat diém vai ba béc
tir do [32] [33]. Chuyén dong ctia n6 tuan theo dinh luat 2 Newton, diroc mo ta
bang 03 phuong trinh, trong d6 bo qua dong lrc hoc cua chuyén dong quay
ciing nhir s dao dong cua i the tén Ira véi goc tan dirge gia sir ludn bang 0.
Khi d6 truc cua tén lira luén tiép tuyén véi quy dao chuyén dong. Trong trirong
hop nav, cac lue tac dung lén tén lira bao gﬁm e can chinh dién. trong lie va
Ire day dong co.

Ut diém caa phrong phap dua trén mé hinh chat diém 13 don gin, c6 thé ap
dung dé tinh todn so bd cac tham so chuyén dong co ban nhir tam xa, do cao cue
dai, the 4, qué tii,. .. Tuy nhién nhuoc diém cia md hinh ndy 13 khong tinh duoc

cac véu to clia chuyén dong quay, dao dong cuia cac goc fir thé ciing nhur tan mat.
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Mot s0 tac gia di cai tién m6 hinh nay nham khac phuc han ché ciia né
nhir trong cAc tai liéu [34]. Trong d6, hé so bi f dwoe dra vao nham chinh xac
héa cac tham so chuyén déng ctia tén lira (Hinh 1. 7).

Hiéu chinh pho dung dai véi dap irng gié cha Lewis
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Hinh 1. 7. M6 hinh chdt diém cdi tién cho déng liec hoc
2 Jibat i dlb clici Lewis [34],

M6 hinh chuyén déng song phang

Mo hinh cho phép mé ta chuyén dong tén ltra trong mat phang phéng véi
02 chuyén dong tinh tién va 01 chuyén dong quay. So vdi mé hinh chat diém
trinh bay & trén, mé hinh phang cho phép mé ta dao dong chnic ngde cua tén
Iira trong mat phang phéng: tuy nhién, cac chuyén dong hiréng khéng dirge
tinh dén trong mé hinh nay. Chinh vi thé, md hinh chuyén dong phang dugc
str dung tirong doi han ché trong tinh toan, mé phong bay tén Iira. M6 hinh
nay chi yéu dwoc sir dung trong giai doan tén lra roi gia phong, chi tinh dén
chuyén dong chiic ngdc va cic chuyen vi trong mat phang dimg co chira gia

phong [35] (Hinh 1. 8).
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Hinh 1. 8. Chuyén dong ctia tén lea khi rot gid phong
theo mé hinh chivén dong phang [35]

Mo hinh 6 bdc ne do

MO hinh 6 bac tir do dirge xem 13 mot trong nhiing cong cu toan hoc va
tinh toan quan trong nhat dé mo ta toan dién chuyén dong cua tén lira trong khong
gian. Vé ban chat, mo hinh nay cho phép biéu dién dong théi ca ba chuyeén dong
tinh tién va ba chuyén dong quay. Nhé vay, trang thai dong hoe va dong luc hoc
cua tén lira tai moi thoi diém co thé diroc mo ta mot cach day du. phan anh s
tirong tac giira cac yéu to khi dong, lue day va phan bo khoi lrong. Pé xac dinh
tir the va vi tri clia tén lira trong khong gian, mé hinh 6DOF thudng sir dung két
hop ba hé quy chiéu: hé toa d6 gan voi mat dat dé mé ta vi tri qui dao tuyét doi:
hé toa do lién ket gan vdi than tén hra dé tinh toan lyc va moémen tac dung va cac
g6c Euler dé biéu dién trang thai dinh hwdéng cta than tén It trong khong gian
ba chiéu. Trong linh virc nghién ciru va tmg dung. nhiéu phin mém va chwrong
trinh mé phong bay hién dai di duoc phat trién dua trén co s6 mo hinh sau bic
tir do. chang han nhir RocketPy ctia Ceotto va cong sy [36] (Hinh 1. 9), chwrong
trinh mo phong tich hgp SDPS cua Chowdhury va cong su [37].
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Peng va cong sur [35] cling sir dung mo hinh 6 bac tir do cho tén hra tham
do trong giai doan sau khi thoat khoi gia phong. Huh va cong s xay dimg
chirong trinh tinh toan KAIST-sim dé nghién ciru quy dao tén ha mé hinh s
dung nhién liéu 1éng va da kiém chirng théng qua so sanh véi dir liéu bay [38].
Cac phin mém. chirong trinh tinh toan & trén da duoc sir dung trong viéc nghién
cim xac dinh dac diém quy dao bay [35. 37, 38] va tan mat diém roi ctia tén ltra
tham do [36. 39]. Tuy nhién, trong hau hét cac phan mém, chwong trinh tinh
toan déu ton tai cac diém han ché. Phan mém RocketPy [36] sir dung mé hinh
tinh toan khi dong don gian, bo qua sir giao thoa gitra cac thanh phan than,
canh, duoi,... Ngoai ra, cac he s0 he khi dong duge xac dinh mot cach don
gian theo goc tan, bo qua sw phu thude vao so Mach va do nhét ctia khi quyen.
Diéu nay co thé khong thue sy chinh xdc doi véi tén Itra hoat dong trong dai
vin toc va do cao lon. Cac chirong trinh tinh toan 6 bac tir do cia Peng va cong
sir [35], KAIST-sim cua Huh va cong sir [38] va SDPS cua Chowdhury va cong
st [37] khong tinh dén day du cac thanh phan cua sy thay doi khéi lrong va sur
dich chuyén cua trong tim tén lira theo thoi gian.

Cic dang bat aoi xieng cia tén lika

Tén lira Iy twong dwoc thiét ké va ché tao theo truc doi ximg, trong do
cac lye khi dong, Ire day va phan bo khoi hrgng cén bang quanh truc doc. Tuy
nhién, trong thyre te, ludn ton tai cac yeu to bat doi xing, lam phat sinh momen
dr thira va dao dong khong mong nmmon, tir dé anh huong dén on dinh va chinh
xac bay. hode c6 thé 1a nguyén nhin gay ra hién twong cong hirdmg dong hre hoc
gitra kénh dao dong chiic ngde va kénh chuyén dong quay quanh truc. Trén thue
té ton tai nhiéu dang bat doi ximg khac nhau, trong dé cac dang bat d6i ximg
dién hinh c¢6 thé liét ké nhw sau: Bat doi ximg khi dong (Aerodynamic
asymmetry), Bat doi ximg luye day (Thrust asymmetry) va Bat doi xumg khoi

hrong (Mass asymmetry).



Trzun va cong sir [40] da phén tich cic anh hirdng ciia su bat d6i xumg do
cac sai sO ché tao tén lira t6i tAn mat diém va cham. Cac sai so co thé phan ra
thanh 03 loai bao gom: bat doi ximg khi dong, bat doi ximng khoi hrong va bat
déi xitng hre day (Hinh 1. 10).
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Hinh 1. 10. Mot s6 dang bdt déi ximg két cau ciia tén hiea [40].
Doi voi bat doi ximg khi déng, cac tac gia di dura ra tnrdmg hop cu thé
vé sir léch truc gitra miii va than tén hira; d6i véi bat d6i ximg khoi luong 1a sur

léch truc cia khoi thudce trong ddng co va si léch truc ctia phan phia trong dau



chién dau; d6i vdi bat doi ximg hre day la do sur 1éch truc ctia loa phut. Po 1éch
chuan ciia cée goc léch truc ké trén dao dong tir 0,02° téi 0,2° va goc léch gidi
han tir 0,1° t&1 0,5°, iy theo vi tri va chat lrong cong nghé ché tao. Cac sa liéu
trén kha tirong dong véi cong bo ctia Knauber [41] vé do 1éch true cua lie day
dong co nhién liéu ran véi yéu cau khong qua 0.25° va gia tri 1éch 36 nam trong
khoang tir 0,1° t6i 0.2° (Hinh 1. 11).

Xeg X

Hinh 1. 11. Bdt doi ximg hec day déng co [41].

Vin aé cong hwdng chuyén dong quay va chuyén dong chiic ngoc

C6 nhiéu yeu t6 dong hre hoc chi phoi sir thanh cong cuia qua trinh phéng;
bén canh viéc dam bao rang anh huéng cua gié va cac sai so ché tao khong 1am
tén Itra 1éch ra khoi khu vire bai phong, tén hira phai duy tri duoc do on dinh trong
sudt qua trinh bav. Tén Iira throng duoc thiét ké dé dam bao tdm ap luén nam
phia sau tdm khoi mot khoang cach du dé duy tri sir on dinh tinh. Tuy nhién, cac
yéu t0 on dinh dong phirc tap ciing can phai durge tinh dén. C6 thé noi tén hira la
mot vat ran 6 bac tr do chuyén dong trong khong gian va ban than chuyén dong
nay cling co cac tan so dao dong riéng giong nhwr cac thiét bi bay khac [42]. Poi
vdi cac mau tén Iwra phong gan thang dumg, canh on dinh c6 thé duoc dat léch
mot goc nhat dinh dé tao mo-men khi dong duy tri sur quay quanh truc trong qua
trinh bay [43, 44]. Chuyén dong quay nay gitip trung binh héa s bat doi ximg
do sai 50 ché tao giy ra nhw sir léch truc ciia Iye ddy dong co, su bat d6i ximg vé

khoi hrong, hinh dang khi dong [27].



Tuy nhién, trong thire té cic nha khoa hoc da ghi nhén diroc sir cong hirong
gifra tin so quay quanh truc vdi tan s6 dao dong riéng cia cic chuyen dong kénh
chiic ngée, kénh hirdng & mot so mau tén lira [45, 46]. Trong cong bo cia minh,
Wubben [45] d4 trinh bay mdt trong nhimg nguyvén nhan 1am that bai qua trinh
phéng ctia mot mau tén lta thim do tam thap Stratos ITT & do cao 10 km 1a do sir
céng hudng gifta chuyén déng quay quanh truc va dao dong theo céc kénh chic
ngoc/huéng cua tén ira. Khi xay ra hién tirong nay, tén Ira mat on dinh twr thé va
két cau bi pha huy (Hinh 1. 12).

Hinh 1. 12. Tén liea Stratos 111 b pha Inty sau khi phong
Vé co ban, nguyén nhan tao ra sir cong hirong nay 1a do cac yéu to bat

doi ximg gay ra [47, 48] (Hinh 1. 12). Khi tén ltra quay quanh true, cac yéu o
bat doi ximg s& tao ra cac thanh phan hre phap tuven bién doi gay nén chuyén
dong chiic ngée cia tén Iira. Khi tan so quay quanh truc gan voi tan so dao dong
riéng cua tén lira, s& xuat hién hién firgng cong hurong gay ra s mat on dinh
ctia chuvén dong. Mot s6 nha khoa hoc da xay dumg cac mé hinh toan hoc don
gian dé phan tich s cong hudng néu trén va cac anh hirong cua chiing dén cac
dac tinh chuyén dong cua tén Iira tham do. Hatalsky va cong su [49] da phan
tich anh hwong cua thiét ké khi dong canh 6n dinh t6i s cong hirong néu trén
d6i voi tén Iira tham do. Morote [50] phéan tich sir cong hirong khi xét dén sir
phi tuyén khi dong hre hoc. Mikhail [47] tip trung vao anh hwéng cua sir bat



doi ximg vé mat khoi lrgng va khi dong téi van dé cong hrdng va mat 6n dinh
cia chuyén dong tén lira théng qua cac mé hinh toan hoc don gian.

Hinh 1. 13 chi ra sir thay d6i dot ngdt clia cac tan so quay khi xuat hién
hién twong cong hrdng do sy bat doi ximg vé mét khi dong va khoi hrong trong
nghién ciru ctia Price [48]. C6 thé thay khi xay ra cong hurong, gia tri ctia tan so
quay quanh truc s& tién téi gan tan s6 dao dong riéng cua tén hra. Hinh 1. 13
ciing cho thay khi gi tri ctia yéu t6 bat doi ximg tang 1én (C, =0.1: 0.125; 0.15),
thi d6 thi tan so quay quanh truc doc c6 théi gian bam theo do thi tan so riéng
cang dai, dac biét khi €, =0.125 thi hai duong gan nhir tming nhau giai doan

cuoi. Pay chinh 12 hién twong khoa tan so xay ra sau thoi diém cong hudng,
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Hinh 1. 13. Mdt 6n dinh chuyén dgng tén lika do sie bat déi xitng
vé mdr khi dong va khoi lieong [48].



Hinh 1. 13a cho thay khi hé sé Cuo=0.5. van toc goc quay quanh truc co
thei diém bam theo d6 thi ctia tan so riéng ctia tén hira (Natural Frequency), nhumg
sau do quay lai va tién dan vé duong van toc goc on lap p.., tuy nhién dén giai
doan cudi c6 xu hiréng tach ra. Trén Hinh 1. 135 . ta nhan thay duong pha cia goc
tan va gdc tnzot canh ¢ xu hiréng mé rong ra ngoai. chimg 6 goc tan khong gian
tang 1én mot cach i tir khi Cho = 0.5. Nlnmg khi ting khi Cyg = 0.75, d0 thi pha
nay co xu réng hwdng ra phia ngoai rat o, chimg t6 gia tri ctia goc tan va goc
tnrot canh tang nhanh, kéo theo nguy co bat 6n dinh. Hinh 1. 13¢ the hién s so
sanh d6 thi ctia van toc quay quanh truc mg vdi cac gia tri Cyo khac nhau. Dé
dang nhén thay. khi C,» cang tang lén, xu hiréng nga vé do thi tan so riéng cua d6
thi van toc géc quay quanh truc cang trd nén ro rét. Trong khi d6. do thi pha cua
goc tan va goc trirgt canh (Hinh 1. 134) ciing cho thay gia tri ctia cac goc nay tang
kha nhanh theo thoi gian khi C, 5 tang lén. Pac biet, khi C,5= 1.15 cac gia tr1 nay
tham chi virgt qua ngwdng 10 do, do d6 c6 thé khang dinh tén ltra da roi vao trang
thai khoa tan s6 nhw trén Hinh 1. 13¢, khi ma van toc quay quanh truc tring vdi
tan so riéng. Piéu nay rat co6 thé khién cho tén lira mat 6n dinh hay pha huy keét
cau. Do do, viéc tinh toan chinh xac cac viing tan s6 nguy hiém va xay dumg cac
giai phap ky thuat dé tranh hodc giam thiéu hién twong nay la nhiém vu quan trong
trong thiét k& va van hanh hé thong phong tén hira.

Trong mét so trromg hop, hién trong cong rong khong chi xay ra trong
mot khoang théi gian ngan ma c6 the kéo dai gay nén nhimg tic dong manh mé
t6i qu¥v dao va ket cau tén Itra tham do [48]. Hién tirgng nay dirge goi la khoa
tan so (resonant lock-in), hay néi cach khac tén lira khong thé thoat khoi hién
trong cong hirong ngay ca khi tiep tuc tang hay giam toc. Pay 1a hién nrong
nguy hiém, de doa an toan phéng va can phai dwoc tinh toan dé loai trir.

Hinh 1. 14 cho thay hién tirong khoa tan so xay ra & thoi diém khoang 40 s
va kéo dai dén 60 s (cudi hanh trinh). Khi dé, tan s6 quay quanh truc gan nhir tring



vOi tan so riéng, dong thoi gia tri gde tan va goc tnrot ciing tang vot, anh hwrdng
lon dén sir on dinh cta tén lira trong qua trinh bay. Néu khong kiém soét tét, nd
ca thé dan dén sir pha hiy két can, gy hau qua nghiém trong dén sir an toan bay.

800y Tan sd quay thiét ke -10 -
\"\ — Gdc trrot canh
600 \m 4l
1 S /" Tinsbquay thirc

Tan s6 (d4/ glay)
3

30 40 50 60
Thoi gian (gidy)

Hinh 1. 14. Hién tuong khoa tdn sé xay ra khi cong hueong
cdc kénh chuyen déng ciia tén liea tham do [48]

Cuon sich Thuat phéng ngoai cia gigo sir Lysenco va cong st [51] da xay
dimg mo hinh dong lue hoe dé khao sat hién trong cong huong va khéa tan so doi
véi mau tén hira dan dao. Trong do. hién tirong cong hrong duge xeét nhr trirong
hop cudng bire don gian: mot Ie tuan hoan, bién do ting khi tring tan so riéng,
chira xét dén nhiéu ngudn kich thich; khéng phan tich cong hwomg phi tuyén von
co thé xuat hién trong thye té. Phan “lock-in” méi dimg & mirc mo ta hién twong,
chira du cong cu dir doan chinh x4c khi nao va trong diéu kién nio né xay ra.

Trong bao cao luin van thac si ctia minh, R. Nagarajan (2024) [52] da de
cép dén hién twong cong hudng pitch—roll (hién firong twong tac gitra dao dong
goc chiic ngde va chuyen déng quay truc) trong cac tén hra thim do véi cac
canh o6n dinh. Nghién citu cho thay day 14 hién trong nguy hiém, co thé giy
“khoa tan s6” (frequency lock-in) va 1am tang dao dong xoan lan, dan dén mat
on dinh quy dao. Tac gia xdy dung mé hinh 6 bac fir do két hop cac yéu to khi
dong phi tuyen va thue hién phan tich Monte Carlo dé danh gia hién tirong nay.



1.2.2. Tinh hinh nghién ciru trong miréc

Nghién ciru vé tén hira thim do van con kha han ché tai Viét Nam. chu
yéu la cac noi dung va cong bo lién quan téi cac d8 tai thiét keé ché tao cac mau
tén Iira TV-01 va TV-02 [53. 54] do Hoc vién KV thuat Quan sir thire hién,
thudc Chwrong trinh Khoa hoc va cong nghé cap Quoc gia vé cong nghé vii tru
trong cac giai doan tir 2012-2020 (Hinh 1. 15). Lién quan dén cac dé tai nay,
cac nha khoa hoc trong nwée di c6 mot so cong bo vé dong lue hoc va quy dao
cua ten hira tham do nhir nghién ctru xay dumg chwong trinh mo phong quy dao
bay va tinh toan tan mat cho tén lira tham do cua tac gia Nguyén Lac Hong va
cong sur [55]: nghién ciru dong lue hoe bay cua tén ira tham do thire hién boi
tac gia Lé Vil Pan Thanh va cong sur [56]. Bén canh d6, mot so tac gia da co
nhitng nghién ciru vé khao st khi dong tén Iira tham do [57]. tinh toan d6 bén
két cau tén lira tham do [58]. dong co tén Iira tham do [59], ...

Cac no1 dung trong twr cing da dwgc thue hien trén cac doi tong ten lira
khac, bao gﬁm cac nghien cuu khi dong lue hoc tén Iira [60-63]. dong lwc hoc
bay cua tén lira [27, 56]. Tuy nhién, cac két qua nghién ciru cua cac nha khoa
hoc trong mrde tnrde day doi véi cac loai tén Iira quan su khong thuce su phu
hop dé ap dung cho tén lira tham do vai cac dac diém dac tnmg nhr hoat dong
trong dai toc do va do cao co sir thay doi 1on; tir thé phong thang dimg. Bén
canh d6, cac van dé lién quan tdi su thay doi khoi lwong, trong tim va céc dac
diém quan tinh khac ciing chira diroc nghién cira mot cach chi tiét va cu thé hoa
trong cac phuong trinh dong lire hoe tén lira.

Lugn &n tién si ciia Dam Viét Phuong ndm 2020 [64] da nghién ci 4nh
mrong cuia do cimg chong uon (dan héi), swr thay doi vi tri khoi tam va dac tinh lue
day dong co phan lwc 1én chuyén dong cuia tén hira trong khéng gian ba chiéu. Muc
tiéu la xdy dimg mé hinh chuyén dong thire té hon, tinh toan anh hiréng ciia nhimg
yéu t6 trén dé hd tro thiét ké ban déu céi thién 46 chinh xéc va tm ban cia tén hia,



Han ché ciia nghién cim nay 1a khong xét dén day du hién twong khi dong khéng
dimg (unsteady aerodynamics) do tach dong, dong xoay 3D. Ngoal ra. nghién cim
nay chwra mo phong chi tiét trong tac gitra dao dong dan hoi va dao dong khi déng.

Khoang tii c6ich

Coredu tich tai cd ich

___ Déngcotang 2

Ce ciu tach tang 1

Hinh 1. 15, M6 hidh tén ltka théim d TV-02 [54]

Hién tirong cong hwromg cac kénh chuyén dong va sir mat on dinh dong
Ire hoe da duoc dé cdp den trong nghién ciru [65] cua tac gia Nguyén Van Chiic
va cac cong sir. Trong nghién ciru trén, cac tac gia da tinh toan gan dung tan s

dao ddng riéng cua tén hira trong kénh doc truc nham muc dich dwa ra diéu kién



tranh cong huong véi chuyén dong quay quanh truc. Tuy nhién, cac van dé
chuyén sau, chi tiét lién quan téi dong hre hoc bay ciia tén hira khi xay ra hién

trong cong huong chira dirge nghién cun.

1.3. Noi dung nghien ciru trong luan an
1.3.1. Nhifng van dé ton tai

Nhin chung cac nghién cimu vé hién tirong cong hwong cic kénh chuyén
dong tén hira tham do da dirge cac nha khoa hoc trén the gidi thue hién trong doi
chi tiét. Cac nghién ctru tap trung vao cac moé hinh toan hoc hoac vit 1y don gian
nham di sau vao ban chat van d&. Tuy nhién, viéc phén tich, mo phong anh hwdng
ctia hién firong trén doi voi cac mo hinh tén Iira trong diéu kién bay thire van chira
drge cong bo rong rai. Mot trong nhitg kho khan dé 1a viéc phat trien cac chwrong
trinh mé phéng dong lue hoc 6 bac tir do ¢6 tinh dén day du cac yéu t6 lién quan
toi swr thay doi dic tinh khoi Iwong, khi dong trong suot qua trinh phong.

Cac nghién ciru trong nuede lién quan t6i van dé nay con han ché. Pa c6 mot
vai nghién ctru dé cdp dén hién trong cong mrdng gitra cac kénh chuyén dong cua
tén Itra. Tuy nhién, cic nghién ciru mdi chi dimg lai & mmre d0 tinh toan gan ding
tan s6 cong hromg va dura ra cac khuyén cao vé diéu kién xay ra cong irong; chira
cd cac tinh toan, phén tich va mé phong chuyén sdu vé ban chat dong luc hoe ctia
hién trong cong hudng ciing nhur cac hé qua ctia no doi véi tén Ia.

1.3.2. Noi dung nghien ciru

Véi nghién ciru tong quan trén, luin an dira ra ndi dung nghién ctru nhir sau:

- Xay dung mo hinh tinh toan khi dong luc hoc cho tén Iira trén co so
phwong phap panel, két hop véi cac cong thire ban thire nghiém; Kiem ching
mo hinh théng qua mot so dit 1iéu thyre nghiém trong cac tai liéu tham khao;

- Trén co s& cac hé so khi dong da duoc xac dinh, xiy dung mé hinh va
chuong trinh khao sat dong lire hoc bay ctia tén Itra tham do c6 tinh dén cac yéu
to bat doi ximg, tir d6 dura ra cac phan tich, danh gia cac tham s6 chuyén dong;



- Khao sat hién tirong cong huwéng coé thé xay ra va danh gia anh huéng
ctia nd dén cac dic tinh dong lue hoc bay ciia tén lira thim do va danh gia sur

thay doi cac tham so dong hire hoc ctia tén hira xung quanh thoi diém cong hirdme.

1.4. Két luan chwong 1

Trén co s& phan tich khai quat vé tinh hinh nghién ctru dong Ivc hoc bay
va hién tirgng cong hirong chuyén dong cua tén lira tham do trong nude va trén
thé gigi, NCS nhan thay rang:

- Cac van dé lién quan t6i khi dong va dong luc hoe bay cia tén lira tham
do da duoc kha nhiéu nha khoa hoc dé cap dén va van tiép tuc duge nghién cim
trong thoi gian gan ddy. Cac phirong phéap tinh toan ciing nhur cac mé hinh mo
phong, phan tich da duoc xdy dung va phat trién dé giai quyeét cac bai toan dat
ra trong qua trinh thiét ké, ché tao tén lira tham do.

- Mot so nghién ciru chuyén sau vé dong luc hoc bay cua tén Iira tham
do da de cap dén cac hién trong Xay ra trong qua trinh bay ctia tén Iira nay. Pic
biét, van dé cong huwdng cac kénh chuyén dong da duoe cac nha khoa hoc phat
hién. phin tich va chi ra cac hiéu g lién quan nhw sir thay déi dot ngdt cia
cac tham s6 dong Iire hoc, hién tizong khda tan so, ... Tuy nhién, cac tinh toan,
khao sat vé van dé nay méi chi duoc thire hién véi cac mé hinh toan hoc don
gian. Sur cong hrdng chuyén dong doi voi cac md hinh tén Iira thire chira diroc
nghién ciru chi tiét.

- C4c nha khoa hoc trong mrée hién da bat dau nghién ciru va phat trién
cac mau tén Itra thim do; tuy nhién van dé khao sat hién trong cong huréng noi
trén chira dirge thure hién. Chinh vi thé, két qua nghién citu vé hién tirong nay
sé gilip cac nha khoa hoc dira ra nhirng khuyén céo hiru ich doi véi qua trinh
thigt ké va ché tao tén Iira tham do trong théi gian téi.
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Chwrong 2. XAY DUNG BAI TOAN VA CAC MO HINH NGHIEN CUU

Dé nghién ciru dong hire hoc lién quan téi sir cong hudng gitra dao dong
ctia tén hira do cac yéu t6 bat doi ximg va chuyén dong quay quanh tric can giai
quyét cac bai toan khi dong hre hoe, dong hire hoc bay ctia tén Iira thdm do. Trong
chirong nay. ludn 4n trinh bay cac phuong phap dé giai quyét cic bai toan trén.
bao gébm phirong phéap panel két hop vdi cac cong thire ban thire nghiém cho tinh
toan khi dong hee hoc; cac mo hinh dong hire hoc chat diém va mé hinh 6 bac tie
do: phwrong phép xac dinh tan s6 dao dong riéng va van toc quay quanh trc.

2.1. Xay dung bai todn nghién ciru

Trong qua trinh bay cua tén hra tham do, sir on dinh dong e hoe chiu anh
hirong lém bai cac yéu to bat doi ximg rong hinh dang khi dong, phan bo khoi
Irong va dac tinh ket cau. Cac véu o bat doi ximg nay co the lam xuat hién céc
md-men cam ting quanh truc doc, dan deén hién trong dao dong phire tap. Khi tan
50 clia mé-men cam tmg tring hodc gan tring véi tan so dao dong riéng ena tén
Itra, cong rong co thé xay ra, lam bién do dao dong tang manh va de doa dén do
on dinh, do chinh x4c quy dao ciing nhir d6 an toan két cdu cua tén lira.

Trong thire tién, sir quay quanh truc doc (roll motion) két hop véi chuyén
dong lac ngang do cac yéu to bat doi xitng gay ra co thé gay ra hién trong cong
hréng khoa tan so, dan dén rung dong manh va khoé kiém soat. Tuv nhién, cho
dén nay, anh hudng cu thé cua sw két hop gifra bat d6i ximg va chuyén déng
quay quanh truc dén hién trong cong hrong dao dong & tén lira tham do van
chira durge nghién ciru day du va hé thong.

Vi vay. bai toan dat ra cho luan an nhwr sau:

- Xay dimg mo hinh khao sat dac tinh khi dong lue hoe cho tén Iira tham do

“ Xy g i il 866 hoc vATHO phidiig 6 6 bac ir 8o 88 mb t chuyén dons
ctia tén Iira tham do c6 xét dén yéu to bat doi ximg va mé-men cam tmg quanh truc.



31

- Phén tich co ché hinh thanh va phat trién hién tirong cong huwdng dao dong
trong diéu kién c6 sy két hop giira bat doi ximg va chuyén dong quay quanh truc.

- Panh gia tic dong cua hién trong cong hirdng dén cac tham sé on dinh
va an foan bay.

- Pé xuat cac khuyén nghi trong thiét ké va ché tao tén lira tham doé nham
han ché nii ro cong huedng.

De thire hién cac noi dung trén, ludn an hra chon doi trong nghién cirm; duwa
vao cac hé truc toa do dé xac dinh cic hre va mo-men khi dong: sir phu thude cua
cac yéu to bat doi ximg khi dong, lire day va khoi lirgng vao cac tham so6; dua vao
tham so léch canh duéi dé tao chuyeén dong quay quanh truc cua tén hira.

2.1.1. Poi twong nghién ciru

Doi frong nghién ciru trong ludn 4n 1a mau mit gon cua tén Ira tham do
TV-02 (chi lay tang 2, khong tinh dén tang 1) thudc dé tai “Nghién cir, thiét
ké va ché tao mau tén hira thim do (Sounding Rocket) dwra thiét bi phuc vu
nghién ciru khoa hoc @& thir nghiém thu thap dir liéu khi quyén tang cao”, ma
s0 VT-CN.02/18-20. Pay la mau tén Iira siéu am, khong diéu khién, sir dung 1
tang dong co nhién liéu ran (Hinh 2. 1. ). Thong so chinh cua tén lira duoc thé

hién trén Bang 2.1.

Hinh 2. 1. Tén ltea TV-02..



Bang 2. 1. Cdc tham 56 chinh ctia tén lika TV-02

Tham s Gia tri
Khoi lrong 27.3 kg
Puong kinh than 0.12m
Chiéu dai 2.018 m
Khoi lirong thuoe phong 16.7 kg
Thoi gian chay cta thudce phéng 4.25s
Luc day dong co 5925 N
Chiéu dai ray phéng 6 m
Goc phong §3°
Chiéu dai mi 0.408 m
Chiéu dai than 1.610 m
Dién tich canh dubi 0.0124 m*
Mé-men quan tinh ban dau E: : ;3:}:6; iﬁ*;ial
Vi tri trong tam 1.2880 m

2.1.2. Cic hé truc toa @0 va cic hé so khi dong

Do mau tén lira thim doé xem xét trong luan an co do cao hoat dong
(dréi 15 km) va thoi gian hoat dong ngan (dwdi 2 phuit), nén anh huong cua
do cong bé mat va chuyen dong quay cua trai dat 1a khong dang ke, co thé
bo qua trong qua trinh tinh toan va khao sat hién nrong cong hwong. Chinh
vi vay, trong luan an nay NCS chi sir dung cac he truc toa do dudi day:

Hé toa do lien ket xyz véi goc toa d6 tai trong tam cia tén lia, truc x

hirong mii tén lia (doc theo than), truc y hiréng sang canh, truc z huong
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xuong dwdi (theo chidu 4m cua hudng 1én) (Hinh 2. 2). Hé toa do nay duoc
diing dé mé ta lirc khi dong, momen, toc dd goc.

H¢ truc toa dd toc dd x,y, z, vdi goc toa d0 tai trong tim tén lira, Truc
x_ theo hwéng vén toc tén Iira, truc z, nam trong mat phang thang dimg, hudng
vubng géc v6i dong khi, hwdng xudng dudi, truc y, hoan tat tam dién truc giao
(hwrdng sang phai) (Hinh 2. 2). Hé truc toa do nay ding dé phan tich e ning,
Iire can, goc tan (o), goe tnrot canh (B).

Hé toa d0 mat dat x_y, z, (Inertial coordinate system) voi gbe toa dd
tai vi tri phéng, truc x, song song mat dat, truc z, vudng goc véi be mit trai
dat tai vi tri dang xét va hudng xuong dwdi, truc y_ hoan tat tam dién truc giao
(hwdng sang phai). Hé truc toa do nay ding dé xac dinh quv dao bay cna tén

Iira, tam xa, do cao.

Hinh 2. 2. Cde hé truc toa do.

Cac goc Euler 8.¢.,»» (goc chuc ngoc, goc quay quanh truc va goc
hwéng) duge sir dung dé xac dinh fir thé cua tén Iira trong khong gian ba chiéu,
va dirge thé hién trén Hinh 2. 3. Cac gdc nay dong thoi phan anh moi lién hé

gitra hé truc toa do lién két xyz va hé truc toa ¢ mat dat x_y_z,.
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Trong nghién ciru nay, cac thanh phan lyc va mé-men khi dong duoe
dinh nghia theo tai ligu [66] cua Nelson. Theo do, cac luc khi dong tirong ting
Vi cac truc trong hé toa da lién ket duwge ky hiéu lan hrot 13 X, ¥ Z va duoe

xac dinh theo cong thire:
pv’

xX=c—s,

2
8. 2.1)

=g

z=C, -5,

Trong do: ¥—toc do dong khi t6i trong hé quy chiéu gan véi tén lira, p —mat
T W T oW F 2
- dién tich dac tnmg cua tén hra véi d 1a duong kinh than

do khongkhi, S, =
ttnluva: C,,C,.C, lacache 5O lure khi dong hrong g voi cac tryce toa do.

L )=r

-\ v

Hinh 2. 3. Cdc goc Euler.



Cac mo men khi dong twong g véi cac truc trong hé toa do lién két
dirge ky hiéu 1an hrot 1a L, M, N (mé-men liéng, chiic ngdc va hudng) va duoc
xac dinh theo cong thire [66]:

V'l
L=¢E—s 1,

F:
M=c, 251, (2.2)
3 2
_o P
N=C,Z—51,

vai [ . =d /2- kich thude dgc trung cua tén Ira; C,C,,C, lan lwot 13 cac hé
so mo men liéng, chiic ngée va irdng cia tén lira.

Céc van toc dai cua tén lira trong tmg céc truc toa do (x,1.z) duoc kv hiéu
lan hrot 12 (1,v,w); cac vén toc goe dwge ky hiéu 1an lwot 1a (p.g.r).

Géc tan @ va goc trrot canh S duge biéu dién trén Hinh 2. 2 véi truc x°
1a hinh chiéu cla véc-to van toc 1én mat phang xz . Goc tan khong gian ., duoc

xac dinh theo cong thire:
o 2 2
Fp=NE +P (2.3)
Cac goc trén co the dirge xéac dinh theo cac van toc dai nhi sau:

W v
a = arctan—: S =arctan—:
u u

2.4
N 2:4)

i

fl'@ =arctan

Heé s0 lire phéap tuyen duoc tinh theo cong thirc [66]:
C.=C,a+C, q*+C a+C, q%
C,=C, B+C, r*+C, f+C, 7*.

Trong do:
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I I

2 2w

frqf 2 , " fr@r 2 (Irqf 2
P L
q* g( V} [}',V] pr=p V_

Do tinh déi ximg cua tén Iira nen ta co:

G, =C 3C.=C, C. ==C, ;C. ==C. .
o -8 - s g e =" Xaw

i
¢*=gLirt=r

Céc hé s0 md men dwoc tinh nhir sau [66]:
G =C, 0, +C_p*+C_p*;
C.=C, a+C, g*+C, a+C, q*; (2.6)
C,=C, p+ Cn_1r*+CﬂEﬁ+C‘,bi"*.

Trong doé: &, 1a géc léch vi sai cua canh 6n dinh nham tao ra chuyén
dong quay quanh truc cua tén hira.
Do tinh d6i xtmg nén ta c6 [66]:
C,, =—GC,,:C, = —CHE:CH?‘ =C,. ;Cm=- =€,
Trong cac biéu thire (2.5) va (2.6). dao ham cua céc hé so khi dong theo
cac dai hrong gia toc ciia vt thé bao gom a. £.4* 7. p*.¢ * duoc goi 1a cac hé
s0 khi dong khong dimg, cic hé s0 con lai dirge goi la cac hé s6 khi dong dimg.

Lure nang va lie can duge xac dinh trong he true toa do toc do [66]:

Y. arr
z,-¢, s,
- (2.7)
ye,
x,=c, s

Trong do: C,.C;, 1an hrot 13 Iire ndng va lire can cua tén Ira.
2.1.3. Cic yéu t0 bat doi ximg

Cac yéu t6 bat doi ximg cua tén lira trong thire té rat da dang, thirong
xuat hién trong qua trinh ché tao, 1ap rap, hiéu chinh, van chuyén va trién khai
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lap dit. Pé c6 thé dwra vao trong nghién cim tinh toan, luin 4n mé hinh héa cac
yéu t6 nay theo ba loai, bao gom: bat doi ximg khi dong, bat doi ximg luc day
dong co va bat doi ximg phén bo khéi lrong.

a) Bat doi xirng khi dong duoc moé hinh héa théng qua thanh phan mé-men
AM_ ndm trong mat phang yz (Hinh 2. 4). D don gidn héa, trong nghién ctru nay,
bat doi ximg khi dong diroe sinh ra do viée dat 1éch cac cap canh dudi. Gia sir cac
cp canh dudi doi ximg dwge dat 1éch cae goc lan lwgt 14 5, va §, nhir trén Hinh
2. 4, Khi do, cac luc bat doi ximg khi dong AF, | va AF, _ xuat hién trén cac
canh dudi; cac lye nay tao cac mé-men bat doi xumg khidong M va M _.

AM, =AM, _-j+AM_ k. (2.8)

Roll
fquay quarnh
truc)

Yaw

I
2N {chiic ngoc)
1 W LF

v AF, , (hiron

Hinh 2. 4. M6 hinh bét déi ximg khi déng
Cac hire bat doi ximg khi dong duoc xac dinh nhur sau:
AF, ,=C, 05,0,
AF, ,=C._ 08,0,
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Twong fir, ta co he thire cho mo-men:
AM, . =C_ OS, L0,

) (2.9)
AM, ,=C, 0S, 1.3

e =

Do tinh chat d6i xing, néntaco: €, =C, :C, =-C, .Khid6, thay

vao bieu thire gia tri cua e va mo-men khi dong, ta co:

AF,=C, 05,4 |0, + 00 = C,, 95,49,

(2.10)
AM_ =C,_ 0S, 1 “;;_ +8. = C,. 0S5,
Trong do:
8, =405+,

A .

Hirong léch mo-men khi dong, dwrge the hién qua goc @, xac dinh nhir sau:

= - _ R:ﬁfﬁ@&ﬂ
- O, +0.

ay &=

(2.11)

@, =—§+arcsiu ﬁ khio,, <0

b) Bit doi xirng hee day dong co trén thire té rat da dang: sai léch diém
dat (diem dat khong nam trén truc tén Iira), sai 1éch vé hirdng vée-to lue day (luc
day khong song song véi truc tén ita), hoac két hop dong théi ca hai yéu 10 trén.
Trong khuén khd luin an, NCS chi tip trung vao nghién ciru tnrong hop dic
tring co ban ciia bat doi ximg Iyc day 1a sai léch vé huong vée-to Ive day. Sai
1éch nay duge thé hién qua gocd, gira hudng vée-to lye day va truc doi ximg
cua tén hira. Hudng léch duge the hién théng qua goe @, nhw trén Hinh 2. 5.

Gia sit lue day dong co T khong co phuong tring véi truc tén hia (true
Ox), ta phan tich luc nay thanh hai thanh phan:
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(2.12)

(2.13)

(quay guanh truc)

Hinh 2. 5. M hinh bét déi aime hec day dong co.
Trong mét phang Oyz, véc-to T, dugc phan tich thanh hai thanh phan:

TF=T_1__+T; (2.14)
Khi do, goc hiong lech @ dwge xac dinh nhir trén Hinh 2. 5.
Nhir vay, do 1om cia cac vée-to lire dirge xac dinh nhir sau:
I =T coso;

T, =-Tsindrsing; . (2.15)
I =Tsind,cose;

Khi do, gia tri cua mo-men sinh ra boi cac Iyre canh T, va T- co thé dwoc

viét nhir sau:

(2.16)

Trong dé, 7. 1a khoang cach tir loa phut 6ng thoi t6i trong tAm tén lia.
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Thay cac biéu thirc (2.16) vio (2.17) va st dung biéu thirc gan diing:
sind; = - Vol goc d; nho, ta co:
AM, =rTo cos@;

. (2.17
AM_ =—rT S sing; !

Khi 5.=0.tacd T=T,, tuong img vGi truong hop khong xay ra bat
doi ximg luc day dong co.

¢) Bat doi ximg khoi lwong trong nghién ciru nay dwroc hiéu 1a 46 léch
cua trong tam so v6i truc cua tén Iira, va duge dac trung bot khoang cach A
tir trong tAm dén truc doi ximg cia tén Itra va hirdng 1éch droc thé hién qua géc
@ gbc gitra ¢,¢, va tia ddi clia Oy (Hinh 2. 6). Do bat d6i ximg khoi hrong va

I day c6 lién quan dén nhau, nén trong trrong hop nay, chiing ta van dira vao

g6c 1éch va huémg 1éch cia hire day dong co dé xem xét.
.5 | o AM,

(quay quanh truc)

ﬂ-;, W PitchN
aw - -
U Qi g’ (chiic ngdc)
Hinh 2. 6. M0 hinh bat doi ximg khoi lieong.
Khi do, tanh_énthﬁy Iwre can chinh dién X, lye nang Z_ lgc canh ¥ va
Iire day T 1a thanh phan hre chi yéu gdy ra mo-men theo kénh hwdng va chiie
ngoe (sau thai diém 4.25 s thi khong cén lpe day, chi con cac luc khi dong).

Goi ¢, va ¢, lan luot 14 hinh chiéu cta trong tim ¢&, 1én cac truc y va z, ta thay
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md-men AM,. sinh ra béi su bat doi ximg khoi hrong déi voi hé truc toa do
theo goc &, cé cac thanh phan xéc dinh nhu sau:

Y
- (= _
AM, =T, -t Em(:_?’r +@CJ_CLQS“; (&-cye - foye)

x_

AM, . :{_CJQS“:' _‘T.:)'Cncl =T . (2.18)

AM, . =(C,0S,,-T,)ec, +rT,

Trong do c, la he s0 Ive can doc true, durge tinh theo: C,=Cjcosq,,.
Sau khi thay thé cac biéu thire cac thanh phan T, T, va Tz, thu duge:

g \ .
AM, o =TorA, 51{1(7 —Pr+ @}L‘J -C,08, .| cA cos@. — fA sing, )

\

AM, »=—(C,0S,;—Tcosd; | A sing, + 7.7 sindysin @y (2.19)

AM_ .= —{CAQS,E, ~T o8, ).A.cos@, + 1T sind, cosg;

2.1.4. Chuyén dong quay quanh truc

Bén canh yéu to bat doi ximg, ludn 4n con nghién ciru sir bién thién cia
van toc goc chuyén dong quay quanh truc ctia tén Iira. Chuven dong nay duroc
tao ra mot cach co chu dich thong qua mo-men khi dong quay quanh truc (mang
gia tri dwong), sinh ra nho dat léch cac canh dudi mot goc d, so vai truc cua
tén lira (Hinh 2. 7).

Khi do, cac lue khi dong phap tuyén tac dung 1én cac canh dudi lan luot 1a
AF, ,,AF, ,.AF; ,.AF, , s&chiathanh cac cip nguoe chieu nhau va déu cé cung
do 16m. Bo qua anh hirdng cua cac Iuc nay dén thanh phin hee tong hop tac dung
1én tén hira, ta chi quan tAm dén mo6-men sinh ra bai cac luc nay. Dé dang nhén
thay, cac Iuc nay sé sinh ra cic mé-men bang nhau do tinh doi ximg cua tén hira
va c0 hwong theo truc Ox cua tén ha.

Goi mo-men nay la AL _, khi do d¢ lom cua no s¢€ la:



AL =C, 0S, 16, (2.20)

M@o-men nay sé tao cho tén lira chuyén dong quay quanh truc mot cach
chu dong, dong thoi su bat doi ximg cua tén Iira sinh ra cac mé-men theo kénh
hirémg va chiic ngée. Vi viy, tén Iira sé tham gia dong thoi hai chuyén dong:
quay quanh truc va dao dong quanh trong tam. Chung ta s nghién ctu khao

sat tirong tac cong hrong cua hai chuyén dong nay trong cac chirong tiép theo.

Roll
{guay guanh
truc)

Pitch
fehiic ngoc)

Hinh 2. 7. Géc léch cdanh dudi tao chuyén déng quay quanh truc tén liea.
2.2. Phuong phip xic dinh céc dac tinh khi dong Iuc hoc
2.2.1. Phwrong phap panel trong tinh toan khi dong hzc hoc

Dura trén cac ndi dung da dirge tong quan va danh gia trong Chirong 1, ludn
an Iyra chon sir dung phirong phép panel dé tien hanh tinh toan cac hé so khi dong
ctia tén hira. Py la mot phuong phap co dién nhumg van giir nguyén gia tri tmg
dung, duroc xdy dymg trén co s 1y thuyét dong thé (potential flow theory), von da
diroc phat trién manh mé tir nhimg nam 1960-1970 bai cac nha khoa hoc tién phong
nhir Belotserkovsky [26]. Woodward [6]. Katz [25] cung nhiéu tac gia khéc.

Phirong phap panel cho phep mo phong tnrong dong xung quanh cac vat
thé khi dong c6 hinh dang phirc tap nhir may bay. tén lira, hay cac cau tmic khi
dong hoc khéc. Y twong co ban 1a phin chia bé mat vit thé thanh mat tap hop
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céc panel nhd. Trén moi panel, ta gia thiét ton tai mot trrong kv di (singularity
distribution). sao che tong hop cac phan tir ky di d6 sé tai hién ding truong
dong chay xung quanh vat thé. Phan tir ky di 1a phan tir ma tai d6 xuat hién s
thay doi dot ngot vé thé nang/vin toc [25]. Bang cach két hop vdéi dieu kién
bién khéng thim (no-penetration boundary condition), hé phwong trinh khi
dong co the duoc thiét 1dp va giai dé xac dinh phan bo ap suat trén bé mat, tir
d6 tinh toan cac e va mémen khi dong tac dung 1én toan bo vat the.

Trong qua trinh phat trién, nhiéu bién thé cua phuong phap panel di duoc
xdy dymg nham phuc vu cic 16p bai toan khic nhau. Tiéu biéu, Woodward
(1968) [6] da phat trien phwong phap panel dia trén phuong trinh Prandtl—
Glauert, cho phép ap dung khong chi trong mién dong dirdi 4m (subsonic) ma
con trong mién dong siéu am (supersonic). Hinh 2.8 minh hoa mot cau hinh
thiét bi bay dién hinh (o hop canh—than) dwoc mé hinh hoa theo phwrong phap
panel cua Woodward, trong do cac panel thiwong dugc chon dang hinh thang va
trén dé phan bo cac phan tir ky di. Trong pham vi cuia ludn an nay, phirong phap
panel dwroc xay dung dua trén nen tang 1y thuyét cua Woodward, dong thai co
nhig chinh sira va bd sung dé phu hop véi muc tiéu nghién ctru. Khi ap dung,
mot s6 gia thiét va luu v quan trong can dirge néu ro;

- Gia thiét dong khéng nhét: dong chay dwoge coi 1a khong nhét, do d6 hre
can nhét khong diroc xét dén tnre tiep: thanh phan nay sé dwoc hiéu chinh va bo
sung trong phan sau. Pong thai, vi bo qua anh hwrong 16p bién, diéu kién bién
khong tham co6 thé ap dung trire tiép trén bé mit hinh hoc cua vat the.

- Khong xac dinh dwroe Ire can day: thanh phan e can day khong nam trong
pham v1 tinh todn cua phwong phap panel va sé dirge xac dinh riéng tai Mue 2.2.4.

Chi ap dung cho hé s6 khi dong dimg: phirong phap panel trong khuon
kho nghién ciru hién tai chi xac dinh cac hé so khi dong & trang thai dimg; cac



hé s6 khong dimg, phu thude vao gia toc va dao dong cia vat the, sé duge xem
xet doc lap ¢ Muc 2.2.5.

Phirong trinh Prandtl-Glauert dic trung cho dong thé c6 tinh dén tinh nén
diroe biéu dién nhir sau [6]:

([_Mj)@n"‘@};"'ﬁﬂﬁzﬂ- (2.21)
Trong d6: M1a s6 Mach: @1a ham thé vin toc nhiéu dong, véi @0, .¢_la cac

dao ham riéng cap 2 theo cac toa d0 x. y. z.

Hinh 2. 8. T6 hop cdanh— thén thiét bi bay dién hinh.
Moi lién hé gitta ham @ va vén toc nhiéu dong dirge thé hién nhr sau:

ﬂu=§-¢3:ﬂv=gf;mv=?ﬁ. (2.22)
o cv oz

DOoi voi bai toan khi dong, cac lirc khi dong va cac thanh phan van toc
nhiéu dong duoc xac dinh theo hé toa do van toc.

Dé mo hinh hoa tén Iira can sir dung két hop cac loai phan tir kv di khac
nhau bao gom cac phan tir dang dav ngudn, day ludng cuc, cac phan tir dang
panel nguon, panel xoay. Phan tir kv di 12 phan tr ma ham thé twong tmg véi
no thoa man phwong trinh Prandtl-Glauert trén toan bo vung tinh toan, ngoai
trir vi tri dat phan tir 46. Thé van toc nhiéu dong tai cac diém trong khong gian

tao boi cac phan tir trén durge tinh todn nhir dwdi day.



Theo Woodward [6], doi véi phan tir ky di dang diy véi curong do don
vi, thé van toc nhiéu dong durroc xac dinh theo céng thire:
fi(£)dz
P ZJ _ L
|:{I— f} (1 M )r ]

Trong do: f, =—< doi vol day nguon;

ne{l;2}. (2.23)

fi=sin@xE(x—&)/r d6i voi diy ludng cie.
G ddy. phan tir ky di dang ddy dwoc sir dung trong mé hinh hoa than tén
Itra dang tron xoay va dwoce dit tring voi truc doi ximg cua than. Vi tri diém
kiém tra (diém can tinh toan thé van toc) duge xac dinh thong qua cac toa do x.
7. 8 (Hinh 2. 9); £ 1a bién toa d6 cua phan tir k¥ di dang day.
Doi voi phan tir ky di dang panel véi cuwdng do don vi, thé van toc nhidu
dong dugce xac dinh theo cong thire [6]:
:Ej S A&.n)dsdn o
{EX—_E'f +(1—M§)[U-‘—frf +f]}

1-K Zd"f.f?j
= 5

(2.24)

115{3:4}.
r;] +z

Trong d6: K=0,5doi véi M, < 1 va K=1 d6i véi M, > 1;
f. =—1 : ddi voi ngudn phan bo déu;

fi=2(x=&)/|(y—n) + =" |: 461 véi xoay phan b déu.

b

i

e S
/

/

.r~,-,

/ 4
Z Vi tri phan ik ki di
Hinh 2. 9. Hé toa do .
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O day. x, v, z latoa do ctia diém kiém tra trong hé toa do cua panel (Hinh
2. 10): & n 1a cac bién toa 0 tich phan frong tmg voi phan tir kv di dang panel.

Phirong phap panel duroc 4p dung cho hai bai toan doc 1dp bao gom: bai
toan tinh todn lire can 4p suat chinh dién va bai toan tinh toan cac hé 56 lrc khi
dong lién quan t&i cac thanh phan hre phap tuyén va mo-men. Poi véi bai toan
tinh toan hire can ap suat chinh dién. phwong phap panel dwoc 4p dung voi day
du cac phan tir ky di néu & trén bao gom phan tir diy nguon, panel nguon, panel
xoay. Thén tén Itra diroc gia st co dang tron xoay. doi ximg truc nén dwoc mo
hinh hoa bang cac phan tir dang day. Canh/dudi tén Ira diroc mo hinh hoa bang

cac phan tir panel nguodn va xoay [22].

y,=b ¥,.N
x,=0 — >
1 [
|
i 2
X,=¢
4
xP'ET

Hinh 2. 10. Toa dé trong hé quy chiéu gan véi panel

Vé co ban, co the hidu cac phan tir nguon chu véu dirge st dung trong viée
mo hinh héa anh nromg cua bé day cua vat, trong khi do6 cac phan tir ludng cire va
xoay duoc st dung dé mo hinh héa anh hwéng cua géc tan, do cong cua vat. Tai
vi tr tiép giap than, canh/dudi; than dirge mo hinh héa bo sung bang cac panel
xo4ay (Hinh 2. 8) dé dam bao cé thé tinh durgc sur giao thoa khi dong giira than va
canh/dudi. Poi véi bai toan nay, diéu kién bién khong tham dwoe ap dung c6 tinh
dén do doc (goce tan cuc bd) trén than, canh/dudi va bé day ciia than va canh/dudi.

Piéu kién bién khong tham sé dam bao rang tong hop van toc ctia dong khi téi va
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vén toc cam tmg do cac phan tir ky di gay ra trén bé mat vat the ludn song song
voi bé mat. Sir dung diéu kién bién khong tham ta c6 the xac dinh dwoc gia tri ciia
cac phan tir ky di trén than va canh/duéi.

Theo Woodward [22]. gi4 tri curdng do ciia cac phan tir kv di dang déy duoc
x4c dinh tmrde dira trén cac dac diém hinh hoc ciia thén (sy thay d6i ban kinh than
doc theo truc tén hira, dd doc cuc bo cua truc tén Iira) két hop véi goc tan dong toi.
Gia tri cuong do ciia cac panel nguon trén canh/duéi dwoc xac dinh dira trén s thay
doi cuia do day theo phuong x. Gia tri cuong d0 cua cac panel xoay trén thin va
canh/dudi diroe xac dinh theo diéu bién khong tham tai cac diém kiém tra. Piém
kiém tra nam tai vi tri 95% cua day cung panel va di qua tam hinh hoc.

Hé s0 ap suat C, duge xac dinh theo cong thire sau [6]:

2 1

2 1S SR = |
C,= J 1+:V—M;(1—(1+mi} +.ﬁﬁ“+ﬂﬁ*) —1 (2.25)
el e |

Trong do y 1a chi so doan nhiét; Az, Av,Aw 12 cac thanh phan vén toc
nhiéu dong khong thir nguyén (chia cho toc d6 dong tdi) theo cac phirong x. v. Z.

Trong nghién ciru niy, tnrde hét phirong phap panel dirge sir dung dé
xac dinh luc can ap suat chinh dién (goc tan bang 0). Khi d6 tén hira duwoc mo
hinh héa vai day du cac phan tir ky di dang day va panel ké trén. Luc can ap
sudt dirge xac dinh bang cach tich phan cac ap suat phén bé trén toan bo bé mat
tén Iita. P6i véi bai toan xac dinh cac hé so lwe khi dong con lai, mé hinh khi
dong véi cic phan tir panel xoay durge ap dung. Canh/dudi tén lira duoc coi l1a
cac tam mong, trong khi dé thin duoc mé hinh hoa vé dang 2 tam chit thap
(Hinh 2. 11). Can luu ¥ rang phuwong phap panel két hop st dung cac phan tir
dang day dé mé hinh hoéa thian khong theé x4ac dinh chinh xdc duroc e ning cia
than. Do do, mo hinh panel xoay voi than dang chir thap duoc sir dung cho cac
thanh phan lie khi dong lién quan t&i hre phép tuyén va mo-men.
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Phuong phap panel chia bé mat vat thé thinh nhiéu mang nhé (panel), gitip
dé dang phdn tich va giai quyét cac bai toan khi dong phiic tap voi do chinh xac
cao ma khong yéu cau tai nguyén tinh toan qua 1én nhu cac phirong phap CFD
truyen théng. Phwong phép nay dac biét phu hop dé tinh toan céc bai toan khi
dong hoc lién quan dén hinh dang phitc tap, nhnr canh may bay, thin tén lira, hay
cac cau tric o bé mit cong, do dé dang diéu chinh so hrong va vi tri cac panel.
Hon nira, phirong phap panel cho phép xir 1y tot cac dieu kién bién trén bé mat
vt thé, nhir dieu kién khong tham qua (no penetration condition), 1am cho két
qua tinh toan sat v&i thue té hon. Ngoai ra, phirong phap nay co kha nang tinh
toan va dir doan r6 rang hire nang, hwe can va momen khi dong ¢ tirng viing cu
thé ctia vat thé, hd tro toi wu hoa hinh dang khi dong hiéu qua hon. Pay la phirong
phap c6 tinh tmg dung cao, thirong dugc st dung trong giai doan thiét ké so bd
va toi 11 hoa nhanh cac cau trnic khi dong, gitip mit ngan théi gian phat trién va

tiét kiém chi phi so véi cac mé phong phire tap hon nhwr CFD 3D chi tiet.

Hinh 2. 11. Mo hinh hoa tén lika theo phirong phap panel xocdy.

Hé 50 chénh ap (hiéu cua hé so ap suat mat diedd va mat trén cua panel)

dugce xac dinh theo cong thire sau [22]:
AC, =-2Al (2.26)

Trong d6 Al 1a hiéu cuia van toc dong nhidu dong khong thw nguyén

theo plirong x gitta mat duel va mat trén panel.
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2.2.2. Phwong phép tinh toin mét so thanh phan e cin
Lirc can chinh dién efia tén Itka bao gom ba thanh phan: hre can 4p suat, lue
can ma sat va lye can day. Khi @6, hé s6 luc can chinh dién €, (hé s6 lyc can khi
g6c tan bang 0 d6) sé 1a tong cac hé so thanh phan, diroc biéu dién trong cong thire:
Cphp= Cﬂ; +C, +Cp, -

Trong d6: C,, - hé so luc can ap suat, dwoc tinh theo phirong phap panel

& muc 2.2.3; Cp, - hé s6 Iy can ma sat; Cp, - hé so Iie can day.

Nhir da frinh bay ¢ trén, phwong phap panel khong xac dinh dwoc cac thanh
phan lye can ma sat va luc can day. Céc thanh phan lye nay can phai dwroc xac dinh
mét cach doc lap va bo sung vao két qua tinh toan. Theo Fleeman [67], viéc tinh toan
Iwe can ma sat va lirc can day cé thé dua vao cac cong thire thire nghiém gitip tinh
toan nhanh chéng va chinh xac hon trong cac diéu kién khi dong hoc phiic tap.

Luc can ma sat chu yéu sinh ra do s tirong tac giita 1op ranh gidi nhét
ciia dong khong khi va bé mat vat thé chuyén dong. Thanh phan Iwc can nay
phu thuée manh véo hinh hoc ctia thén, toc do bay, va tinh chat ctia dong chay
(r6i hay tang). Cong thirc thire nghiém cho hé s6 hirc can ma sat duoc Fleeman
xay dung nhir sau [67]:

- n,.x0.023 A
4[:*H_=ﬂ.t:~53-><i . A x Zx =L (2.27)

5 B2 5 0.2 :
A
- 5] L]

Trong do: [ va d 1a chiéu dai va dwong kinh thin: ¢, — day cung khi

dong trung binh; nyla 50 hrgng canh/duoi; Syva S,.r— dién tich canh/duoi va
dien tich dac trung (trong trirong hop nay dien tich dac trung 1a dién tich mat
cat ngang 16n nhat cia than).

Luc can day 1a thanh phan e can xuat hién do hién twong giam ap suat

dot ngot @ vung sau cung cua tén lira, dac biet ré ret khi dong co da ngirng hoat



dong. Khi do, dong khi khong con duroc 1ap day boi luong phut tir dong co, tao

ra mot ving chin khéng tirong doi hodc ving ap suat thap & day, tir d6 sinh ra

Iire kéo ngiroe lai chuyén dong cia tén hira. Tac gia Fleeman cung cap cac cong

thire thure nghiém dé tinh toan heé so6 hye can day dira trén s6 Mach nhwr sau:
Cp, =(0.12+0.13M7 ) khiM, <L;

25 (2.28)
=02 s,

Co,

2.2.3. Phwong phép tinh todn cdc thanh phan khi dong kKhéng dirng

Tinh toan cac thanh phan khi dong khéng dimg lién quan dén viéc xéc
dinh cac Ire khi dong hoc thay doi theo thoi gian khi vit thé (nhir may bay, tén
Itra hoac tau vii tru) chuyén dong trong moi tnromg khong khi. Trong diéu kién
khéng dimg, cac hién tirong nay khéng thé diroc mé ta bang cic phrong trinh
dong chay dimg don gian ma phai ap dung cac phuong phap tinh toan khong
dirng. Poi véi tén lira tham do, do véan toc chuyén dong va qua tai 1on nén viée
tinh todn cac thanh phan khi dong khéng dimg 12 can thiét nham dam bao do
chinh xac cho tinh toan quy dao bay cua tén hira.

Nhir d3 trinh bay & muc 2.1.1. cac hé so khi dong khong dirng lién
quan t&i gia toc dai va gia toc goc cua tén Iira. O ddy, cac hé so khi dong
khong dimg cua tén lira duroc coi 12 tong hop cia cac hé s6 doi vei than va
cac canh/dudi. Cac hé so khi dong khéng dimg cnia than dugce xac dinh dira
trén 1y thuyét Munk xiy dung cho cac vat manh (slender body). diroc trinh
bay trong tai liéu [68]. Cac hé so khi dong khong dimg cua canh dwoc xac
dinh theo 1y thuyét khoi lrgng bo sung (added mass) doi véi tam phang,
dugce trinh bay trong tai lieu [25]. Phuong phap nay giup tinh toan nhanh
va day du cac thanh phan lrc va mé-men khi dong trong dai so Mach lén
(ca can am va trén 4m). D tin cdy cua phurong phap duge kiém chimg dua

trén cac thong so thue nghiém trong chuong 3.



Lurc khi @ong phap tuyén khong dimg Z va mé-men chiic ngéc khong
dirng M tac dung 1én thin tén lira dura trén 1y thuyet Munk [68] dwoc biéu dién
trong hé toa do lién két nhur sau:

Zyiy == | S(x)i(x)dx;
Do

(2.29)
M, .=p I §(x)w(x)xdx.
body

Trong d6, p 12 khéi lwong riéng cia khang khi; S (X) la dién tich mat cat
than; W(X) 1a van toc cua phan tit than tén hira tai vi tri toa d0 x va cé moi lién
hé v&i gée tan, van toc goe chiic ngoe nhir sau:

w(x)=alV —qgx. (2.30)

Tir cac cong thire (2.29) va (2.30), ta x4c dinh duoe cac hé so lure phap

tuyén va mo-men chuc ngoc nhir sau:

1

Couty =~ 77— [ 5(x)(e¥ —gx)dx:
? 1 Ll (2.31)
;o= | S(x)(aV —gx)xdk.
o) =Ty T hL (x)( gx)
Ta thu durroc cic dao ham hé so khi dong khong dimg:
4 e
Cy oty == | S(x)ar (2.32)
) Sretheat s
. N
Cocmt) — 5 52 §(x)xadx (2.33)
Seetlres oy
8 &
Coptooty =77 | S(x)xdx (2.34)
S?ﬂfimf body
8 ; i
S(x)xdx (2.35)




Céng thire tinh hre phap muyén va mé-men chiic ngéc khong dimg cho
canh/dudi dua trén 1y thuyét lirc bo sung nhir sau [25]:
i g : Z
Zifmy =My X EP-[ Ww(y)e (v)d
. (2.36)

L . 1
M,y =7y KEPJ.“'{.F]C (), dv:
fim

O day: 71~ 50 luong canh/dudi tham gia véo tinh toan: x7- toa do vi tri canh/dudi.
Mat khac, ta co:
W(y)=aV —gx, (2.37)
Bién doi trong tir nhir d& 1am véi thén, ta thu duoc cac dao ham hé s6
khi dong khong dimg theo thoi gian cho canh/duodi nh sau:

Eg o =" jC“[J’_‘JﬂE-‘Z (2.38)
E?ﬁrsfﬁ'f Jfim

n;"ﬂ-'rf 3 -
C»-a-urm}zf 3 _[f (v)dy (2.39)
ref —rgl fin

2n,TXy ¢, 3 R
S [ e () (2.40)

Cz =
) vef'ref fin

2

2n.wx 5
C L (y)ay (2.41)
() 3
SWFZ’# ,;!n
Céc dao ham hé s6 khi dong khéng dirmng cua tén ltra durroc xac dinh bang

tong ciia than va canh/duéi, do dé ta co:

4 1.7 2 1 =
CZ“'Z_[S,.IJ IS(*:.]{&HI L[ (y)ay | (2.42)
rgl Body el fin
4 H,7TX
& So— j'S(x}uiH z fj'cl(r}afy: (2.43)
g P 1S
ref raf body raf = ref fin



G, =5 JS(-"}I‘i‘H?—H«?JG:[}’J@; (2.44)

& L 2
* Srqffrqf body raf wgl fin

8 . 2n.7x; i
e =_[S 5~ | Sldee =L | fz{y)dv} (2.45)
’ et lrer w5 ref'ref fin

Tiép theo, dua trén 1y thuyét vé khoi lirong bo sung hé s6 mé-men quay
quanh truc khong dimg duoc tinh theo cong thare [25]:
s L :
C=—rogi—x=p | (y)ydy. (2.46)
4 Jfin
DPao ham cua hé s6 mo-men quay quanh truc dirge tinh theo cong thirc:
—2n.w

— | ¢ (») ydy. (2.47)
Srﬁ:a'"frﬁ’ ;il.n

C . =

2.2.4. Phwrong phap tinh mo-men cim tmg quanh truc doc

Mo6-men cam tmg quanh truc doc (Induced Roll Moment) la thanh phan
mo-men khi dong quay quanh truc x xuat hién khi cac canh dudi cam img anh
hirong ctia cac xoay tach ra tir mii tén Ira (Hinh 2. 12). D6i véi trirdmg hop gde
tan nho, thanh phan nay thirdmg khong giy ra hiéu tmg dang ké. Tuy nhién, khi
tén lira bay véi gdc tan 16n, két hop véi chuyén dong quay quanh truc, thanh
phan nay can phai diroc xem xét day du [69].

Hinh 2. 12. Anh luedng ciia tdch dong tai mili tén Itva dén cdc cdnh @uéi [70],



Trong nghién ctu nay, mo-men cam umg quanh truc doc duoce tinh toan

theo m6 hinh don gian dira trén mot so két qua thue nghiém da dwge cong b

cia Oberkampf va Nicolaides [71]. Hé s6 md-men cam 1mg quanh truc doc

diroc gia thiét phu thude theo gde tin, dirong kinh than, dién tich cia canh dudi
va géc quay quanh truc cua tén Ira dwge tinh theo cong thirc:

C, =C/si(ng,)- (2.48)

Dura trén ket qua thire nghiém ctia Oberkampf va Nicolaides doi voi mau

ten hira Finner, ta thu dugc da thire xﬁp X1 nhir sau;

Ay 7

a ! 3 F )
¢ =(13.950;, —3.17e,+0.03e,, ) (2.49)

LSy

Trong d6, o, 1a goc tan khong gian; d, . va S, 1an lugt 1a dudng kinh
than va dién tich canh duoi: E,g. va S, la do dai va dien tich dac trung, trong
nghién ciru nay duoc Ira chon trong ting vai ban kinh va dién tich mat cat than;
1 - 50 hreong canh dudi: ¢, 12 géc quay quanh truc trong hé toa do van toc va
duge xac dinh nhirsau @, =arctan(ea/ £) khif>0va @, =7 +arctan(a / 3)
khi < 0. v6i ¢, S 12 goc tan va goc trirot canh.

0.6

¢ Thu nghtem {(TL Finner)
0.5 —— [ thugxmp %i
0.4
o = 0.3
! o/
0z (-
Q|
— g — i
0 3 10 15 20 25
Goc tan (deg.)

Hinh 2. 13. Sy phu thudc ciia hé s6 ¢ theo gdc tan khdng gian
ctia mau tén lka Finner.



LA
LA

Hinh 2. 13 biéu dién sir phu thude cia bién d6 hé s6 mé-men cam 1mg
quanh truc doc ¢? theo goc tan khéng gian dua trén s6 lidu thyc nghiém va da
thire xap xi doi v&i mau tén hia Finner. D6 thi cho thay gia tri clia da thire luén
bam sat cac diém thre nghiém, chimg t6 do chinh xac cta da thire xap xi duoc

dam bao. Pa thirc xap xi trén s& dirge kiém chimg & chirong tiép theo cua ludn an.

2.3. Mo hinh dong Iirc hoc cia téen lia tham do

2.3.1. Mo hinh 6 bic tir do ¢6 tinh dén inh hwdéng ciia sw thay doi khoi lwgng
Dura trén mo hinh dong lue hoc 6 bac tir do cua Thomson [8] cung voi

viéc dira vao cac yéu to bat d6i ximg nhir da trinh bay & muc 2.1.3, ta xay dung

he phwrong trinh Iyc cho tén lira tham do nhir sau:
B wb e f B b . B (. b b dl';c )
F =mr, —m(roz—rm)—m 2m x(rog—raf]—l——-+n . (2.50)

Trong do, ky hiéu chi so trén b biéu thi hé toa do lién ket gan co dinh voi
thin tén Itra, F? 12 Ire tic dong bén ngoai, m 1a khoi hrong cua tén Ira, 7 1a véc-
to vi tri, u 1 van toc cua luong phut dong co so voi tén lira, @ 1a van toc goc
clia tén Iira, va cac ky hidu O, ¢ va e 1an hirot biéu thi diém tham chiéu, trong
tAm cua tén Iira va vi tri noi khoi heong duoce day ra.

Gia thiét rang nhién liéu chay sao cho vi tri cia trong tam khong thay doi.
Theo Eke [72]. dong co tén Iira hién tai co thé chay theo mot trong cac kich ban sau:
chay deéu, chay theo phiong hwdng tim. Gia sirrang trong tim ciia khoi nhién liéu
0 1a diém tham chiéu dé nghién ctru déng hue hoc ciia mé hinh tén Itra (Hinh 2. 14).

i Trong rdw cula

2 Ehoi thuge

Aot rer-cti

in przye

oz rdm Baw Sy
camren lta Xg 0 ¥e
[

Hinh 2. 14. M6 hinh ién Itea ciing nhién lieu.



Vin toc va gia toc cua trong tam cé theé duoe biéu dién nhwr sau:

B
b .k b B ﬂ'!'gc
T, =, +0 XTI, +

& L

i "
dr. dr
x—ﬂ”+mb}<(m&xr§.ﬁ)+ e

di dr

ssb esh : B -
l"c —I'G —+ D XI‘G‘, -+ (D

Sau khi don gian hoa phirong trinh lwe, ta nhan dwge [27]:

k E e b wr B o E .EI p safy Ln ] 0 B
F" + ¥ + Amr, + g, + 2" Xxr,, = mgl, . (2.52)

Phirong trinh mo-men tong quat dirge thé hién theo Thomson [8] nhur sau:
bk de’
M), = —mi <1, +1’ T+Mb *(Fe’ )+
T
i ey (2.53)
23 mrg, x| @ x Doy |, > mxg, x Io = i, < u;
E dt E; ar- 3

Trong do6, B 1a bé mat bién dong bén trong chira hrgng vat chat bien déi
khoi luong: § 12 bé mit noi cdc hat virot qua B. Ky hiéu I° biéu thi md men
quan tinh ctia tén lra quanh diém O trong hé toa do gan co dinh voi than.

D¢ don gian, ching ta gia dinh rang bén trong dong co, tat ca cac hat
duroc phin bo ddi ximg va chuyen dong dong nhat véi van toc khéng doi.

/dI';I 2.k

¥ o - o + . d & = o
Do d6, cac biéu thic 2 m,r, x va ) mr, x 2% | 42u bing
B dt E dt”

khong. Biéu thire ) iz x5, < u; la mé men M sinh ra béi Iye day quanh diém
£

O. dirge bieu dién trong hé toa do gan véi than. Do do, phwong trinh (2.53) ¢6
thé dwge viét lai nhir sau:
]

5 do
MJ, = —mis, x 15, +IE?+mﬁx(I&ma]—Pﬂr. (2.54)

Tur do:



de’

M+ M+ AT =+ @ x(Ale”)

b

_ b E 5 5 {yb B
=—mr, Xy, +1 +@ x [_Iﬁm )

dt

G day. m, va I lan luot 1a khoi hrong va ten-zo mé-men quan tinh ban
dau; Amva AI° 1a khéi luong va ten-zo mé-men quén tinh bi mat di; Ffva M.
14n lirot 14 e va mé-men do lre ddy dong co sinh ra; F*va M, 1a hre va mo-

men ngoai lee: ' 1a véc-to vin toc goce: r la vec-to toa do khong gian: chi 50
O ding dé chi vi trf toa d6 goc gan trén tén lira duoc lra chon & trong tam khoi
thude phéng; ¢, la vi tri trong tim ban dau cia tén lira.
Ta co hé phuong trinh chuyén déng cudi ciing nhir sau:
b B ot s . ¥
F~ +F; + Ami, +ir,, + 20" X1, =mi,

. dm’ ;
M, +}i}+ﬂlb?[j+m’ <(Ar'e”)= (2.56)

_, de’ :
=—myii; xxy, +1;——+ @’ (Lo’
- dt

He phirong trinh (2.56) dwge sir dung trong xay dung churong trinh mo
phong dong luc hoc bay cua tén lua. Thong qua heé phwrong trinh nay, bai toan
chuyén dong cia co hé bién doi khoi lwong duroc giai quyet trong tir nhir doi
v&i co hé ¢6 khoi lvong va dic tinh quan tinh khong doi vdi s bo sung cac
thanh phan ngoai luc thay thé cho cac anh hirong trén.

Khi c6 bat doi xieng, cac thanh phan lire va mdé-men bd sung sé& xuat hién
(Muc 2.1.2.). O day, xuat phat tir phuong trinh mé-men trong (2.56), ta sé xac
dinh duoc cac thanh phan hre vaA mé-men do bat doi ximg sinh ra.

Khi céc canh dudi cing 1éch goc &, theo cing mét hudng, tire cac thanh phan

Ire s& triét tiéu, do do chi xuat hién mé-men quay quanh truc AM, . cu thé nhr sau:



AF. =0
(2.57)

AM, =C, 05,1 06,(1 0 0)

Khi c6 bat d6i ximg khi dong véi gée léch &, va hudng léch g, . trong
thanh phan lye va mé-men s& xuat hién véc-ta lwe bd sung AF, va véc-to mo-
men bo sung AM, nhir sau:

AF, =C, 05,0, (0 cosg, sing, )I

s (2.58)

AM_=cC, 0S,1.5,(0 sing, —cosg,)

Khi c6 bat d6i ximg lue day véi goc léch S, va hudng léch g, trong
thanh phan Iyc va mo-men sé xuat hién véc-to Iy bo sung AF. va véc-to mo-

men bo sung AM, nhu sau:

AF, =T (0 O sing; —ersgar}r
: (2.59)
AM, =rT6,(0 cosg; Siﬂ@r}r

Khi c6 bat d6i ximg khéi lrong véi dé 1éch trong tim A, va hudng 1éch
@, trong tdm ¢, dich chuyén dén ¢, (Hinh 2. 6). Khi do, luc bd sung khong
xuat hién, ma chi xuat hién mo-men bo sung do thay ddi trong tim. Bién doi so

hang —m, ¥ «r}, ftrong cong thirc (2.56), ta duroc:

ik B --h N B
—M T X e =~ X (IG:.-, —I., )

(2.60)
=—mixr: +milxr
oo ™ Lo, 00 " Yee,

Co theé coil —m il xr). ~—mil>xr} . dwavao mc 2.1.2, ta co6 mdo-men

bo sung xuat hién khi c6 bat doi ximg khoi hrong nhir sau:

e P
AM  =m I, X ¥, =M, % C,C, .

Znky

Trong do vec-tor: Encﬂ_ =(0 A_cosg. A_sing ‘}j 3



Sau khi trién khai. ta duoc thanh phin mé-men bo sung do bat doi ximg
khoi hirong nhur sau:

AM,=(AL. AM_. AN_) . (2.61)
2.3.2. M6 hinh chuyén déng géc ciia tén lira tham do.

Khi nghién ciru dac tinh dong lc hoc tire thoi cua tén hra, ta co the don
gian hoa hé phuong trinh bang cach bd qua anh hréng clia sir bién doi khoi
hrong, dic tinh quan tinh, vi tri trong tim. Chon goc toa dd tai vi tri tirc thoi ciia
trong tam tén lira, ta thu durgc hé phirong trinh chuyén déng nhr sau:

F'+F, =mi’
M’ +M, =I’:"d—mb—'r(-atEr X {Ibm""]. (2:62)
dt

G day m, I° va vi tri trong tAm c 12 cac dai lvong tic théi duoc xac dinh
quanh th&i diém nghién evru. Sau khi chiéu 1én cac truc toa dé phuong trinh
(2.62). ta thu dwge heé phuong trinh dong lue hoec mo ta chuyén dong cua tén
Iira durge sau pheong trinh lue va mo-men [73]:

X —mgsin@=m(+gw—rv)

Y +mgcosdsing = m(v +ru— pw)

Z+mgcosdcosg=m(Ww+ pv—qu)

L=Ip-I#+qr(I,-1,)-I_pg (2:63)
M=Iq4+mp(I,-1)-1_(p*-r")

N=-I_p+Ii+pglI, I )+I_gr

Trong do: X. ¥. Z — cac huc khi dong, L. M, N — cac mo-men khi dong
trong hé truc toa do lién két; 1. v. w — cac vén toc theo céc truc; p, g. 7 — cac
vin toc goc theo cac truc trong hé truc toa do lién két.

Céac phirong trinh lién hé gitta hé truc toa d6 mat dat va hé truc toa do lén

ket duwroe the hién trong cong thire dudi diy:
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i = V,, cosfeosy +V, (singsin fcosy —cosgsinw )
+¥5, (cos¢sin&cosy +singsiny ):

3F = Vo cosfsiny +¥, (sin¢sin @sinw —cosgcoswy ) (2.64)
+V,, (cosgsindsiny —singcosy );

7 =V, sind+V, singcos&+V, cosgeosf.

Nhur da trinh bay & trén, dé xac dinh hwdng cta tén hira trong khong gian,
chiing ta can theo dai sir thay doi cua cac goc Euler 8, ¢,y . Moi lién hé gitra
cac dai hrong nay va cac van tdc goéc quay p, g, r dige the hién nhw sau:

drg!' I singtand@ cos¢gtan8 |[ p
= g|=|0 cos¢ —sing q |. (2.65)
7 0 sing/cosf cosg/cosd || ¥

Pé don gian héa hé phwong trinh chuyén dong (2.63). cac gia thiet diroc
dura ra nhw sau:

- B0 gqua anh heong cua trong Iwc tén Itra; anh hwong cua « , anh hivong

clia cac thanh phan béc hai cia g. w. 7, v;

- Do tinh doi xitng ctia tén Itra, nén c6 thé coi: I, =I_=1;1_=0.

- Coi thanh phan van toc theo truc X 14 khong doi trong khi nghién ctru
hién trong cong hwrdng tan so quay quanh truc va tan so dao dong riéng cua tén
lra (2= 0).

Khi do, h€¢ phuong trinh Iye va moé-men (2.63) duge mit gon thanh hé
gom nam phwrong trinh nhir sau:

mu(f+r—pa)=Y:

mulad—q—-pp)==2;

I.p=L; (2.66)
Ig—(I-1I_)pr=M;

I+ {_I—Ix_}pq =N.
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Dé phan tich va giai hé phirong trinh trén, dira vao cac bién phirc sau:
S =p+ia;
S (2.67)
Q=g-+1r. '

Khi do, hé phuong trinh (2.66) duoc dura vé hé ba phirong trinh vi phan vdi

cac bién moi:
: Y +iZ
&l Q="
i
O+ipf1-Tx jg-M+IV. (2.68)
1 1
. L
p=—

Céac hre va mé-men khi dong droce xac dinh theo géc thn, goe truot, cac
goc Euler va cac hé s6 khi dong. Ngoai ra, cac yéu to bat doi ximg cling drge
tinh dén va dwa vao trong cac biéu thirc ctia lirc va mo-men trong (2.69).

"=C, BOS,
Z=C_aQs,,:
L=ToA, sm(:pc +2/2—¢p)+05,1..C 0,-05,.1..C +

+0S,.1.,C p QS,E,,C Ap(acos@, — fsing, ):
M= cmeSﬁE,#a+CquS,@ef,¢q— TAzcos@: + (2.69)

ref
N= CHEQS,@J@ p+ C‘"w Q.Sﬁ.ff,qfr +TA.sing. +

A
+[&Cm CosSQ, —l—C_i—CCDSQJC}QSmP[m, +T8,F. cos@,;

~

[ﬂﬂ' sing_—C %—smq}cJQ vl + 1O, SIN @,
vef



G day AC, lahé so mé-men bat d6i ximg khi dong, con g, 1a hudng bat
doi xing khi dong (Hinh 2. 4); 7. - khodng cach tir loa phut ong thoi téi trong
tam tén lia. C; — hé s6 lue can doc truc cua tén Iia.

Do tinh doi ximg cna tén Iira, ta co:

C—"'.f :Cfa =_C-"~’s -.’ Cﬂ; =_Cm;. . C-"y - Cm_: B Cm,— +C,,,n- (2.70)
Khi do ta co:
F+iz  Cyo
ikl w
C, & +iC, Q-
M +iN ( ( 7 A Y 75 (2.71)
A 7] T | | /
M+U ="} | AC, cos@. +| C,——— € cos A +ﬂ 4
1 ' e )ly ) Oy
( T |A ) 7osin
ﬂ'CnL Siﬂﬂ:_l Ci_—1“£51ﬂ¢?f —I‘—%:
C i L QSJE."J. Ir.{," ) Qﬁrﬁ!ﬂ;"
., my 74
m=—s—; = —
Trong do: QS OS, lor )

Stt dung phirong phap the dé bién doi hé phrong trinh (2.68) dua trén
céc biéu thire (2.67) va cac diéu kién (2.70) ciing vdi gia thiét bo qua anh hudng
cia dao ham van toc géc quay quanh truc 7 dén dao dong chiic ngéc cua tén
Itra, ta nhan duoc phirong trinh vi phén bac hai ena o . Tiep tuc két hop vdi
phuong trinh vi phan cua p, ta duwoc heé phuong trinh sau:

: +A—BE=C;
i (2.72)
P= T

X

Trong do:
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C, . I c. Cy. (845 I
B=—l=ip*1-z |4 12
I P [ I_] I m [p m' ( ﬂ

—{ﬁc*m sing, — [cf _ LJ Ao i 1 j’ 5”1%
: t" 08 | %
C=——— +

+i<| AC, cosg_+|C, e ﬂfc 0S@, |+ M
; QS o5, rg_frg'

I!

Sau khi bién doi (2.72), tach phan thyc va phan ao. ta thu dwoc hé phurong

trinh vi phan cua goc tan @, goc trrot . va van toc goc p nhir sau:

B+Ap—-46-Bf+Ba=C;
G+ Aa+AL—-Ba—B,f=C,: (2.73)
e od A )

Trong do:

QS::;( mi; e ! L. 1
& xCL“_ 21 (C"'»:--+C"'-r) ] AE_F-&:_I_ ’

szgsra_'ffrﬁf C QS'E"' 'ﬂ" C'\ QSFE?- J }.

= l—
& I3 1, ar L

¢ N\
T |A TO.r
CI=]:.&CM cos@, +| C,——— —icuswc}g i ”# I“cns;ar;

C1={§.Cm_sin¢9ﬂ— O = I—simpf
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Giai hé phurong trinh (2.73) bang phuong phap so nhan dwoc cac gia tri
gbc tan, goc trrgt canh cing véi cac tham s6 dong lre hoc nhir van toc goc.
qua tai. ... Thong qua viec phan tich cac dai hrong nay, chung ta sé tim ra
nguyén nhan ciia hién trong cong hwong va khoa tan so, ciing nhwr cac hidu img
gay ra boi cac hien twong nay.

Buavao véc-to: E=(a B a B ]r.

Khi do hé phwong trinh mé ta dao dong cua tén hra, twong ung vai hai
phurong trinh dau tién ciia hé (2.73) duoc viet nhir sau:

E=AL+C (2.74)

Trong do:

0 0 1 0 0

0 0 0 ! 0
A= ;€= .

B B, -4 -4 C;

“_E = -El .!4.1 "-’41 C].

St dung gia thiét I, < I_, ta co the dua ra cac hé thire sau:

4,=2p
B=p -a,.
B, =-p4,

Trong d6: @, 1a tan so dao dong riéng khi tén Itra khong quay va co gia tri nhr sau:

12
@ = ( — C”'= QS'%"I“:" - C‘,,,‘;QS@« "r@f C_‘\;QSrqf}

(2.75)
I_T I_T my
Khi do:
0 0 | 0
0 0 0 1



Trl rieng cua ma tran A la nghieém cua phwrong trinh dic trimg saw:
A—AI|=0. (2.76)
G day I 1a ma tran don vi.

Cac nghiem cua phwrong trinh dac trung:

(2.77)

Thong qua viéc phan tich phan ao cuia cac nghiém trén, ta nhan thay, khi

tén Ira khdng quay, tan so dao dong cua tén lira bang , [, _:if_ , gia tri nay
xapxi o, khi 4 <o,

Can hra ¥ rang tén lira c6 dic diém doi ximg truc nén d6i véi md hinh tuyén
tinh cac kénh chuyén dong chiic ngdc, hiréng canh va quay quanh truc khéng co
sir giao thoa va ¢6 thé phén tich doc 14p. Cac tan s6 dao dong cua tén Iira theo kénh
chuyén dong chiic ngéc va kénh chuyén dong huéng canh bang nhau. Doi voi
chuyén dong quay quanh truc ctia tén Ira, phirong trinh chuyén dong nhir sau [73]:

éL 6L .
— A8, +—Ap=LAp. (2.78)
25, o Ap @

O day, L la md-men quay quanh truc; I, la mo-men quén tinh doi véi truc
tén lira: &, 1a goc dat 1éch canh tao chuyeén dong quay quanh truc; p 13 vén toc
goc quay quanh truc; ¢ 1a goc quay. Nghiem cua phuong trinh dwoe xac dinh:

-

L; 1
p[e‘}:—-fill—e_"],&ﬁr. (2.79)

B
véi 7 1a hang so thii gian, dac trung cho théi gian chuyén sang trang thai on

14p mdi cua van toc goc:
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,
et I (2.80)
LF QS!T'.{FC";
Can luu v & day:
i 18 = [l
Lpzﬁ‘l! GplLﬂ =5'lj6(}r - (2.81)

Tir d6, gia tri vén toc géc quay quanh truc on ldp p_ xac dinh nhu sau:

T

P .=——=Ad . (2.82)
B

Viée xéac dinh cac tan so dao dong ctia tén Ita theo cong thire (2.75) va
van toc quay quanh truc theo cong thire (2.82) s& cho phép dir doan cac thai diem
va vi tri xay ra hién twong cong hwong tren quy dao bay cua tén lra.
2.3.3. M6 hinh chit diém

Dé xiy dung quy dao so bd cua tén lira, ta sir dung mo hinh chat diém.
DOoi véi mo hinh nay, ta can gia thiét rang truc tén lira ludn tiép tuyén voi quy
dao. Gia thiét nay trong tmg voi trudong hop 1y tirong, tén lira bay trong moi
trromg khong c6 nhidu dong. Khi do ta cé thé giai bai toan chuven dong cua
tén lira giong nhw chuyén dong cua chat dieém trong khong gian véi Iue khi
dong bang luc can trye dién. Phuong trinh co ban mo ta chuyen dong cua tén
Itra trong m hinh chat diém dwge viét dwdi dang:

F_+F; +mg=mf. (2.83)

Trong do: m 1a khoi hegng tén Itra, r 14 toa do cua tén Iira trong hé toa do toc
do, F; 1a hue day do dong cortao ra, F_ 1a Iyc khi dong hoc, g 12 gia toc trong tnrong.

M hinh chat diém dira trén phirong trinh dong Iire hoe don gian va la cong
cu hitu ich dé phén tich so bd qui dao tén Itra trong giai doan thiét ké ban dau.

Phirong trinh (2.83) diroc giai theo phirong phép sé dir doan va chinh sira

(predictor-corrector method) vai do chinh xac bac 2 theo buoc thot gian 4.
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Trirde hét ta biéu dién van toc tén hira béi V =V(7) =, phuong trinh (2.83)

duroc viét lai nhr sau;

¥ _Fa[V?'r} FT“} 5
V(z)= ) +m{f}+g. (2.84)

Thure hién tinh du doan van toc va vi tri tai bwde tinh thir k+1 tir két qua
cua buace tinh thit &

. .

L9 ~

o F (V,
V&_I=Vk+[ (Vs r]+FT“}+g]dr

I, =1+ V.d.

Gia tri dur doan ctia van toc va vi tri sau do duoc hiéu chinh:

F,(Vouty) 1F(V.r) F.(t.) E(t i
‘TkT-l:-‘ri +[ [ k4 1“1'_!_: ul E 1-}_'_ T'[ I-l]+ T[ ”+ng{1&
- (2.86)

My m, m, m,

1 f= =
l‘k_l =l‘k +:{1 E<l -+ ‘.l' }dr

2.4. Két luan chwrong 2

Chirong 2 cia ludn an da trinh bay mot cach hé thong va chi tiét vé doi
trrong nghién ciru 13 tén Iira tham do, dong théi xdy dimg co s& 1y thuyét va cac
md hinh tinh toin phue vu giai quyét cac bai toan dit ra trong ludn an. Cac noi
dung chinh co thé tom tat nhr sau:

- Gidi thidu day du ve cac tham so cua tén lira tham do, cac hé truc toa
do durge sir dung, cac yéu to hre va mé-men tac dung Ién tén Iira, ... Cac yéu to
bat doi ximg cing v&i s mo hinh héa ciia chiing da dwge mé ta chi tiét va dura
vao khao sat trong luan an.

- Mo hinh tinh toan khi dong dwa tren phwong phap panel ciing voi cac
céng thite ban thire nghiém cho phép mé hinh héa va x4c dinh day da cac bo

hé s6 khi dong Ire hoc tén hra tham do cho dai van toc 16n véi thoi gian tinh
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toan ngan, trong d6 bao gom ca cac thanh phan khi dong khong dirng va mo-
men cam tmg quay quanh truc. Péc biét, phirong phap panel cho phép xir Iy tot
céc diéu kign bién trén bé mat vat thé, nhir diéu kién khoéng tham, 1am cho ket
qua tinh todn sat véi thire té hon.

- Cac mo hinh déng hire hoc bao gom:

+ MO0 hinh 6 bac tir do cho phep mo ta chinh xac anh hirong cua s thay
doi khoi lrong, vi tri trong tdm va cac dic tinh quan tinh khac trong qué trinh
bay. Ngoai ra, cac yéu to bat doi ximg c6 thé dé dang dwroc mé hinh héa va dua
vao theo cach tiép can nay thong qua giao dién ctia phian mém thwrong mai.

+ Mb hinh khao sat chuyén déng goc ctia tén lira: cho phép phan tich chi
tiét cac van de lién quan t6i cong hirong dong e hoc cua tén Iira khi xuat hién
cac véu to bat doi ximg thong qua viéc xiy ding va giai hé phurrong trinh vi
phén lién quan dén chuyén dong quay. tir dé xac dinh dwoce goc tan, goc trieot
canh va tan so quay quanh truc. Payv la cac tham so can thiet cho viéc nghién
cim hién trgng cong hwong va khoa tan so.

+ M5 hinh dong Ive hoc chat diém dé xay dung cac thong so co ban cua

quy dao bay.
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Chuong 3. XAY DUNG CHUONG TRINH TINH TOAN, MO PHONG
VA KIEM CHUNG

3.1. Chirong trinh tinh toin khi dong va kiém chimg
3.1.1. Mo ta chwong trinh tinh todn

Chuong trinh tinh toan khi dong luc hoc dwge mo ta theo so do trén
Hinh 3.1. Trong do, chwong trinh tinh toan theo phirong phap panel trinh bay
trong Chirong 2 duoe xdy dung trén co s& bd code mo phat trién boi NASA
va Boeing trong khoang nhimg nam 1966-1969 [74]. Bo code duroc viét trén
ngdn ngir lap trinh FORTRAN, cho phép ngudi dung khai bao cac tham so
hinh hoc co ban cna thiét bj bay va dira ra mot so hé so khi dong co ban bao
gom hé so luc nang, hé so lze can va moé-men chiic ngée theo 1y thuyeét dong
thé toc do cao. Bo code ciing gidi han vé so lrong panel dioc sir dung khi xay
dung mo hinh (dudl 100 panel). Nghién cuiu sinh va nhom nghién ciru da xay
dung chirong trinh tinh toan khi dong Ive hoc cua ten Itra noi riéng va thiét bi
bay néi chung trén co s& chinh stra va cai tien bo code ban dau, cho phép
chirong trinh xuat ra day du cac hé so6 Igc khi dong tinh toan theo 1y thuyét
dong thé. Bén canh d6, mé hinh cling dwoe m& rong, khong gidi han vé so
hrong panel dugc sir dung.

Chuong trinh MATLAB

e

-
-

Ba code
(PP Panel)

- Kich thude hinh hoe cia thigt bi bay
- Goc tan goc tnifot canh. cac goc léch

r ]

1 ]

| i

1 ]

1 _ [}
canh lai E i | Céc cong thic i thuyet' | | ’
- Van toc dong t61. cac van tic goc :5 ban thuc nghigm xac dinh Cac hé 56 lucva
cia thigt bi bay 1 | madt 50 thanh phan luc can | mo-men khi dong
- Vi tri trong tAm. dién tich vA 40 dai| | =" ¢
tham chieu \ | Céc cong thire I thuyét | |
- Cac yéu to bat do1 xing ! | xac dinh cic thanh phdn |

b khong dime '

Hinh 3.1. So do khoi ciia chueong trinh tinh todn khi dong cho tén lita.
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Cac thanh phan hre khi dong khong xac dinh duroc theo 1y thuyét dong
thé (lre can nhét, e can day va cac thanh phan khi dong khong dimg) diroe
bo sung trong chwrong trinh tinh toan théng qua cac cong thire thire nghiém va
ban thirc nghi¢m.

Pau vao cia chirong trinh tinh toan bao gém cac khai bao kich thwde
hinh hoc ctia thiét bi bay, géc tan, goc truot canh, cac gée 1éch canh 14i, vén toe
dong t&i, cac van toc goc cua thiét bi bay. vi tri trong tam. dién tich va do dai
tham chiéu. Hinh 3.2 thé hién file dir liéu khai bao dau vao va hinh anh cua tén
hra dirge mo hinh hoa theo phwrong phap panel.

Bela=l;

Hinh 3.2. Khai bdo di lidu khai bdo dau vao va hinh dnh ctia tén lika
dirge mo hinh hoa theo phieomg phdp panel.
Chirong trinh duoc chay trong méi trrong MATLAB. O day, MATLAB

déng vai trd bién dich cac file text dit liéu dau vao sang dinh dang phu hop véi
file chay (.exe). Dir liéu dau ra dwdi dang phin bo ap suat droc MATLAB doc
va tich phdn dé dua ra cic hé so khi dong tong thé cho thiét bi bay.

Pé tinh toan nhanh céc hé so khi ddng trong dai van toc 16n. nghién ctiu

sinh da x4y dung module vong lip ngoai theo so6 Mach.
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3.1.2. Kiém chiing

Pé kiém chirng phirong phéap va chuong trinh tinh toan khi dong, ta dua

vao mau tén lira tham do don gian Finner (Hinh 3. 3) va so sanh véi két qua thi

nghiém da duoc trinh bay trong [75. 76].
I 10D

D

e . e Sl L e S Sl S S S LS M S S L R R P

Hinh 3. 3. M6 hinh mau tén liea Firmer (D=3 cm).
Trong phan nay, cac hé so khi dong duoc tinh toan theo phirong phap
panel [6, 22] ket hop véi cac cong thire Iy thuyét ban thwe nghiém [25, 67, 68]
da dugc trinh bay trong Chwong 2 ctia ludn an cho dai s6 Mach tir 0 t61 4,5,

12 e s T S 0
PP ogansl két o 20 [ PP pane 4ét
i & Thwe nghigm | o -'I"||D |2 Thue nghiém
¥ ]

\ :
g &}
- o4 Ig % =4
il \\ i %
& ; in ,
a4l ‘*-..--"J dl"‘-l_ ™~ =g
-""‘U—;
02

~Eie® .
5 4 s b | : 1 4
S8 Mach Sé Mach
10
o _d_,a- PP panel kés hcmi

= CFD
- _,,/
7 i r’ i \
> ff P G"D 00|
- \ 50|

4 5 i [ 2 3 4 5 I:I | A 1
sé Mach Sé Mach S8 Mach

Hinh 3. 4. Két qud tinh todn va kiém chimg cde hé so. hiec can, liec phdp tuyén, hé so
ma men chie ngoce, cde hé 56 dao ham quay va hé s6 mo men liéng.

Hinh 3. 4 cho thay sai so giira tinh to4n va thire nghiém twong doi nho. Tai
moét O gia tri cia so Mach (dac biét tai viing cdn am). 6 the xuat hién sai s6 dang
ké, tuy nhién xu hiréng chung van dam bao. Do d6, cac hé so khi dong duwoc xéc



dinh theo phurong phap trén s& khong gay ra nhitng anh hwrong 1on khi dra vao mo
phong déng hre hoc. Sai s6 ctia mé hinh khi dong quanh viing cin 4m ciing 13 han
ché cna phirong phap Panel, bai day 1a phirong phap dira trén 1y thuyét dong the,
phuong trinh Prandtl-Glauert (2.21) s€ co nghiem kv di.

Kiém chieng thanh phan khi déng khéng dieng

Pé kiém chirng két qua tinh toan khi déng khéng dimg, nghién ctru sinh
tién hanh nghién ciru bai toan mot mau bién dang canh d6i xing véi chidu dai
day cung ¢ chuyén dong 1én xudng véi tan so @. Khi do, tan so nit gon khong
thir nguyen k dwoe xac dinh theo cong thire:

2T (3.1)
¥

Nghién ciru sinh str dung 3 phirong phap khic nhau bao gom: phirong
phap tinh toan khi dong theo Iy thuyet dirng [25] va theo 1y thuyét khong dimg
trinh bay & Chwong 2. Phuong phap theo 1y thuyet khong dimg Theodorson
[77] duoc ding dé kiém chimg két qua tinh toan. Tién hanh khao sat vdi cac
tan so mit gon k khac nhau ta thu duzoe cac ket qua hé so lwe nang nhir trong
Hinh 3. 5.

Ket qua tinh toan cho thay khi hé so k rat nho (tinh khong dimg thap),
ca 3 phirong phap cho két qua gan nhir tring khép véi nhau. Khi hé s6 k 16n,
két qua theo cac phwong phap khac nhau da co s khac biét. Trong do, khi &
=1 hé s0 lire nang tinh theo phirong phap hién tai mic da chua thire si chinh
x4c ve mat bién d6 nhung thé hién duoc sir thay doi veé pha. Khi k=2, phuong
phap hién tai cho két qua gan véi két qua chinh xac theo ly thuyét cua
Theodorsen [77]. Trong ca 2 truong hop k= 1 va k= 2, phvong phap dua
trén 1y thuyét khi dong dimg cho két qua sai 1éch lén. Két qua nghién cim
cho thay voi gia trj tan so rit gon cang 1én anh hwéng cna tinh khéng dimg

tang 1én. Khi d6. mo hinh khi dong khoéng dimg dua ra két qua gan voi két
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qua chinh xac theo 1y thuyét ciia Theodorsen (Hinh 3. 5). Piéu nay khang
dinh vai trd ctia thanh phan khi dong khoéng dimg phai tinh dén khi tan so
dao dong @ lon.

k=10.01

@~ Ly thuyet
= = Theodorsen
—— Trwong hop dimg

[—

=
LA

]
::
Lk

Hé s6 hrendng )

]
—_—

02 04 0.6 03 1
Thot gian khong thir nguyen
k=1

=

2 oo Ly thuyér
: ' ||= = Theodorsen P
~ 1 }{i— Truong hop dimg_| i

%)

0 0.2 0.4 0.6 0.8 1
Thaoi gian khong thir nguyén |
k=2

I S
@ Ly thuyét _.n'"'ﬁ"‘“‘“-n,

- = Theodorsen
—— Truémg h?-Edimg__l"Fﬁr

- B

T A it
HE 86 e ning £

0 0.2 0.4 0.6 0.8 1
Thet gian khong th nguyen

Hinh 3. 3. So sanh hé s6 liec ndng tinh theo cdc phieong phdp khde nhau.
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Kiém chieng mé-men cam ieng quanh truc doc

Phirong phap tinh hé s6 mé-men khi dong xoay quanh truc cam tmg & trén
diroc kieém chimg véi két qua thir nghiém cho tén Iira Aerobee 350 [69] va duoc
biéu dién trong Hinh 3. 6. Can hru v rang, d6 dai va dién tich dac tnmg sir dung
trong phirong trinh (2.36) cho so sanh kiém chimg 1an lot 1a duong kinh va dién

tich mat cat cua than.

a 2 :
2 Thir nghiém (TL Aerobee 350)
s ~— K& qua tinh toan
! |
o =5
0.3 j)
5k =
1] 5 10 L5 0 25
Goc tan (do)
b ~ — Thir nghiém (TL Aercbes 350) | = = Thir nghiém (TL Acrobee 350
o \——HKat quatinh todn l ° o —— Két qua ﬂnh“t:ﬁn j
a=5do )

-5 |

-0.02 |
0.01 |
0,0
O 0.015 | = o s Mg
. -0.06 | ' .
-0.02 | e ‘
0,025 | \\ M 0
003 L L} I A L - 51 T8 M - N ' —= s
0 10 20 0 40 50 0 (0 20 i 40 50
Goc quay quanh truc (do) Goc quay quanh truc (do)

Hinh 3. 6. Kiém chimg gid tvi mé-men cdm tmg véi két qua thiec nghiém [69]
Keét qua kiem chiimg cho thay da thire xap xi 6 do thi rat gan véi cac diém
thire nghiém, do d6. o thé sir dung da thire nay lam cong thire tinh hé s6 mo-men
cam tmg quanh truc doc cho mo hinh tén hira tham do trong luan an. Hinh 3. 6 dua

ra ket qua kiém chimg cho bién do cia hé s6 mé-men cam tmg quanh truc doc cho



mau tén Ira Aerobee 350 (Hinh 3. 6a), va két qua kiém chimg cho si phu thude
ctia hé s6 mo-men cam 1img quanh truc doe vao goc quay quanh truc khi o = 5 do
(Hish 3. 6b) va ki &= 10 46 (Hinh 3, 66), C4c dudng tisih todn Khé sit vi chc
diém thire nghiém cho théay do tin cdy cia phirong phéap.

3.2. Chwrong trinh tinh toin, moé phong dong lwc hoc va kiém chimg
Trong luan an nay, chuong trinh tinh toan, mo phong dwoe xay dung cho
mau it gon cua tén Ira TV-02 (Hinh 2. 1), Viéc kiém chimg dugc thwe hién
bang cach so sanh két qua mo phong voi két qua tinh toan 1y thuyét va mot so
dit liéu tir thir nghiém ban bay.
3.2.1. Chwrong trinh tinh toin dong Iire hoc theo cdch tiép cin Iy thuyeét
Trurde hét, 4p dung phwrong phap tinh toan khi dong cho mé hinh tén
tham do da néu trong ludn 4n, ta xac dinh duoc cac hé so khi dong duoc thé
hieén trén Hinh 3. 7.

a) os b) 14 €) o -

0z & 11
0 t 2 3 0 1 2 3 4 i 1 2 3 4
Sé Mach sé Mach S6& Mach
d} (1] E} 450 ¢ 6 kI 5
! ~
15 3 A0 H’ =

= f s ‘ k 3 :
¥ 3 Z a % g 25010 /
i " La
el "\\\ ‘/'{ - 330| ““a-_‘ p *4
o -
. i

B L . l..-E 3000 g Irj
-33 | ‘K\ \HHJ
| 3

q

dg
]

150 ERTTTR

3 F (1] | 2 1 'l i 3 4

| 1
Sé Mach 58 Mach S6 Mach
Hinh 3. 7. Két qua tinh todn cdc hé s6 khi dong tén Itea tham do
Can hru ¥ rang hé s6 luc can chinh dién dwoc trinh bay & Hinh 3. 7

trong Umg véi treong hop bay ¢ do cao ngang mue nude bién. Vé&i cac do
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cao khac nhau, hé sé nay thay doi nhur trong Hinh 3. 8. Mt so thanh phan
khi dong khéng dimg con lai dirge thé hién trén Hinh 3. 9, bao gom: Pao
ham hé s0 mo-men quay quanh truc theo goc bat doi ximg khi dong &.. dao
ham hé s6 Iyc phap tuyén va dao ham hé s6 mé-men chiic ngéc theo goc léch

canh duoi 4.

0.6
4 Sea level
--=-3km
0.5 e =10 km

34 Mach
Hinh 3. 8 Hé 56 lc ean chinh dién cila tén hiea tham do & cdce dé cao khdce nhau.

Ir : Tr * -2y 1
ol " | G ’/\ | _3.(}: [
C-‘_.J il \ C‘ 5 be \\\‘ IC". 40 /

’ 4 [ S0 -

E. o \ ! - \\\.\ I i N‘\\[”

PRt v =41 [ -Gl |

o
71 s I A ey at = A —
0 1 2 3 4 0 / £ 3 El i | * 1 4

56 Mach 86 Mach 56 Mach

Hinh 3. 9. _C‘fic dac hdam ctia hé s6 mé-men quay quanh fric,
hé s6 luec phdp tuyén va hé s6 mé-men chiic ngoc.

Cach tiép can 1V thuyét trong nghién ctru dong I hoc bay cua tén lira
tham do duge the hién trén so d6 tinh toan trén Hinh 3. 10 véi ba chirong trinh
dwoc xdy dymg trén phan mém Matlab trong tmg véi co sé 1y thuyét duoe dira

ra trong cacnme 2.3.1,2.32va 2.33.
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. B cao va van toc theo
HE sb Iye cin| | Mphioh thot gran

chinh dién Cy(MA): | | Déngige |  |“Cac bé s khi dong theo| | Mo hinh chuyén i) (1)
“Khéi hugng mit): hoc it [ 1ot gian , st .
Lic &y T Gém | |KbOL lwomg mé-men V| tén i thim

Gic phifeig. (muc233)| |quantinh theo thoi gian (muc 2.3.2)

-Luc day theo than gian.
-Cdc yéu 16 bat déi xime

Hinh 3. 10. S0 @6 nguyén I tinh todn theo cdch tiép cdn Iy thuyveét.

Dura trén cac tham so dau vao bao gom hé s6 hre can chinh dién, khoi
lwong, luc day va goc phong, ta xdy dung chrong trinh tinh toan dong hee hoc
bay theo mé hinh chat diém trén phan mém Matlab (theo muc 2.3.1). Mb hinh
nay cho phép x4c dinh cac tham s6 qu¥ dao so b (dd cao, van toc), cac hé so
khi dong, khoi hrong, md-men quan tinh, hre day theo thai gian (Hinh 3. 11).
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Hinh 3. 11. Céc tham 56 dong lec hoc theo mé hinh chdt diém.
Sau dd, cac tham so nay duge dira vao mo hinh Iy thuyét dé tinh toan tan
s0 dao dong cua tén Iira @y va tan so quay quanh truc ps; (theo muc 2.3.2). Céc
gia tri nay duoc sit dung cho viéc dir doan cac thoi diém xay ra cong huong va

nghién ctru hién tirong khéa tAn s6 cua tén hira tham do. Tiép theo, chiing ta xay
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dimg chwrong trinh Matlab dé giai hé phirong trinh vi phan (2.58) theo phirong
phéap so (muc 2.3.3) dé tim gia tri ciia goc tan, géc trirgt canh va vén toc goc quay
quanh truc theo théi gian. Qua do, 6 thé dua ra cac danh gia dinh lrong veé hién
tirong cong hiréng va khoa tan s6 doi véi doi trong tén lira tham do trong Iudn an.

Trong chirong trinh Matlab, ta c6 thé dwa vao cac yéu t6 bat doi ximg
(khi dong, khoi lrong va hire day) cling voi viée thay doi cac goe & khac nhau,
ta co thé di sau nghién ctru hién twong cong huéng va khoa tan so. Ngoai ra,
yéu t0 mé-men cam g quay quanh truc c6 thé xem xét dén nhir mot tac nhén
co thé giv ra hién nrong khoa tan so. Do do. ta co thé xét trrdng hop co va
khong co mo-men nay, tir do dira ra danh gia va nhan xét chinh xac.

3.2.2. Xay dung chwong trinh mo phong dong lire hoc bay 6 bac tw do

Chuong trinh mo6 phong dong lire hoc bay cua tén lira duoc xay dung
theo mo hinh 6 bac tw do (da trinh bay ¢ muc 2.4) voi cac he s6 Iue va mo-men
khi dong dwoc xac dinh theo cac do thi trén hinh 3.6+3.8. Cac hé phuong trinh
chuvén dong (2.52) va (2.55) duroc giai bang cach sir dung bo giai dong e hoc
ctia phin mém MSC Adams. Cac thanh phan lién quan dén s thay doi khoi
hirong, quan tinh duoe thé hién dudi dang cac ngoai lue tac dung 1én co he. Cac
ngoai lwe nay phu thudce theo thoi gian va gia tri cac tham 50 dong lye hoc cua
tén Itra trong qua trinh bay. Phan mém MSC Adams sir dung phirong phap du
doan va hiéu chinh dé giai hé phrong trinh vi phén: sau méi bude tinh toan,
néu sai s6 virot ngwdng cho phép thi bude thdi gian s& dwoe diéu chinh. Qua
trinh 1ap lai cho dén khi sai s6 nam trong ngurdng cho phép: sau do. chirong
trinh s& chuyén sang burde thai gian tiép theo.

Mo hinh tén lia dwoc xdy dung trong phan mém MSC Adams
(Hinh 3. 12); duoc khai bao day du vé kich thudce, khoi luong, md men quan
tinh, moi lién két, liue day: cac hé so khi dong duge nhip vio théng qua code
Fortran, duoc bieén dich thanh file thu vién dong (.dll).
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Chirong trinh mé phong bay va giao dién ctia né duoc biéu dién trén
Hinh 3. 13 va Hinh 3. 14, véi cac théng so dau vao 1 cac yéu to bat d6i ximg
cling véi dir lidu khi dong hoc va dong lire hoe, hinh hoc, khoi hrong, quan tinh,
cac rang budce va e day dong co. Sau khi tinh toan. ta nhan duoe quy dao tén

Iira theo théri gian va cac tham so dong e hoc.

Hinh 3. 12. M6 hinh tén Iira tham do dirgc xay dumg
trong phdn mém MSC Adams.
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-Cac hé sb khi déng theo )

oy i ; MsC (1) e (1):
-Khdi lugng va mo-men quan <
tinh theo thoi gian; Adams 6 A :
Luc ddy T(1) ' | bactzdo Cac tham sb
-Lie day T(2); = gl
-Goc phong: (muc 2.3.1) quy dao Knhac

-Céc yéu td bat d6i ximg
Hinh 3. 13. So do nguyén Iy tinh todn theo ceich tigp cdin mé phong bay.

" il N 1 A R et M. |
000 = ¥ - ] d -]
F i e § B 4N & o o

Hinh 3. 14. Giao dién phan mém MSC Adams.

3.2.3. Kiém chiing tinh todn, mé phéng dong lirc hoc bay

Pé kiém chirg dé tin cdy cta cac phwong phap tinh toin, mé phong
dong luc hoc, tnirde hét ta so sanh két qua quy dao thu diroc tir mé hinh chat
diém dwoc 14p trinh tinh toan trén MATLAB va mé hinh mo phéng 6 béc tir do
xdy dung trén phan mém MSC Adams véi dir liéu do duoc trong qua trinh
phong cia tén Iira tham do TV-02 (Hinh 3. 15).

Dir liéu quy dao tirong doi tring khdp gitra cac moé hinh tinh toan va dir
liéu phéng cho thay do tin cay ctia phwong phap nghién ciru diroc ap dung trong
ludn an. Hinh 3. 15a cho thay do thi quy dao theo 1y thuyét va mo phong kha



81

sat nhau, con hinh Hinh 3. 1556 thé hién sir bién doi van toc theo thai gian va
Hinh 3. 15¢ thé hién sir bién doi do cao theo thoi gian dira trén phirong phép 1y
thuyét va mé phong duoe so sanh véi két qua phéng thue nghiém tén Itra. Hinh
3. 15d thé hién sir so sanh qu4 tai phap tuyén cia tinh toan mo phong va dir lidu
do. C6 thé néi cac két qua thire nghiém (tuy khéng day du) kha tning khép véi
tinh toan 1y thuyét ciing khang dinh sir ding dan cta phwong phap.

i 5 . ’
} ™ | ) .b} I 5000 "“L'_l;'lhu':.rét
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Hinh 3. 15, Quy dao so bo cua tén lira

Bang 3.1 trinh bay két qua ddi chiéu cac tham sé quy dao dic trung (do
cao lén nhat, tam xa, vin toc Ién nhat va qua tai Ién nhat) gita mé hinh Iy
thuyét va mé hinh mé phoéng trong diéu kién & =0.0 do. &, = 0.0 do. Két qua
cho thay sai so tirong doi giira hai phuong phap déu nhé (dudi 3%). chimg to
mo hinh mo phong da tai hién chinh xac cac quy luat dong luc hoc co ban cua
chuyén dong tén lira. Piéu nay khang dinh tinh ding dan trong viée xay dumg
mo hinh cling nhwr phirong phap tinh toan dwoc sir dung.



Bdng 3.1. So sanh cdc tham 56 quy dao tinh todn theo mé hinh Iy thuyét
vd mo phong khi o, = 0.0 dg, &; = 0.0 do.

Tham so Ly thuyét | Mo phong | Saiso (%)
PO cao lon nhat (km) 14,15 14.05 -0.71
-Tim xa (km) | 4,95 | 5.06 2,22 |
V4n toc 16n nhat (m/s) 1225 1223 -0.16
"Qu:-i tai lén nhat (G) | 41.02 " 4n,34" -9,44“

Tiép theo, tién hanh kiém chimg két qua tinh toan mot so tham so dong Ire
hoc ctia m6 hinh mé phong véi dir liéu do dac trong khoang théi gian 0+2,5 s. Két
qua the hién trén Hinh 3. 16 cho thay cac do thi mé phong cta do cao va van toc
bam sat tot s0 liéu do trong toan bd khoang khao sat, phan anh kha nang mo ta
diing quy luat bién thién ctia mé hinh ddi véi cac tham so quy dao co ban. Sau 2,5
s tinh tir thoi diém phéng, sai so gitta md phong va thir nghiém 1a 12,5 % doi véi

do cao va 4,86 % do6i vdi van toc tén Iira.

1000 Md phdng
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Hinh 3. 16. So sdnh tham sé dong lec hoe ciia 1én lika TV-02
gitra dir [iéu mé phong va so liéu do
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Doi v6i qua tai, mac di ton tai sai khac nhat dinh gitra két qua mo phong
va dit liéu do, xu the bién thién tong thé van fwong doi phu hop. Sai léch nay co
the diroc 1y giai boi dic diém cua giai doan bay tich cure, khi tén Itra chiu dao dong
manh 13m cho thiét bi do bi rung lac dang ké. tir d6 anh hiréng dén d6 6n dinh va
d6 chinh xac cua tin hidu do qua tai. Vi vdy. c6 thé nhdn thiy rang mé hinh md
phong van bao dam do tin cdy can thiét trong viéc phan anh cac dac trung dong
hire hoc chil yéu cia tén hra trong giai doan dau ctia qui dao bay.

Nhir vay. c6 thé khing dinh rang mé hinh mé phéng dwoc xdy ding co
do tin cdy cao, du kha nang sir dung lam cong cu nghien ctru cho cac bai toan
phén tich siu hon vé anh hwéng cua cac yéu to bat doi ximg, ciing nhw hién

trong cong hirang va khoa tan so trong cac chwong tiep theo cua ludn an.
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dao déng néng W (rad/s)
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Th&i gian (s)
Hinh 3. 17. Gid tri tinh todn Iy} thuyét cila tan 6 dao dong riéng @,
theo thot gian bay cuia tén hea.
Dira trén quy dao 1y thuyét (Hinh 3. 15). xac dinh duge s thay doi cua
tan so dao dong riéng cua tén Iira theo cong thire (2.75) va duge biéu dién trong
Hinh 3. 17. Tan s0 dao dong thue cua tén Iira trong mo hinh mé phong c6 thé

duwroc xac dinh thong qua phép bien doi Fourier. Khi do, xung hrc nho theo
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phirong vudng goc véi truc ciia tén Iira durge tac dong dé tao dao dong. Pap g
gbc truot canh diroc hra chon dé phén tich pho, xac dinh tan s6 dao dong (Hinh
3. 18). Tan so dao dong twong 1tmg véi vi tri dinh ctia bién do trong bién doi

Fourier nhwr dirge biéu dién trong hinh trén.

& | L @ 0,03,

s g
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& 0—|lifjwiar—— E 0.01

. s |

2 o3 -
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Thoi gian (s) Van toc goc w (rad/s)

Hinh 3. 18. Dao dong goc trieot cc_m.fi va bién do trong phan tich Fourier
tai thei diém 10 gidy.

Hinh 3. 19 biéu dién cac gia tri tan so dao dong cua tén hira dugc tinh
theo mo hinh 1y thuyét va mé phong 6 bac tir do théng qua phép bién doi
Fourier. Két qua cho thay su thong nhat gitra két qua 1y thuyét va mo phong.
Piéu do khang dinh d0 tin cay cia ca hai mé hinh trong viéc xac dinh cac tan
s0 dao dong cua tén hira tham do.
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Hinh 3. 19. Si thay déi theo thei gian cila tén s6 dao dgng
xdc dipth theo mo hinh Iy’ thuver va mo phong.



85

3.3. Két luin chirong 3

Trong chuong 3, nghién ciru sinh di xiy dung hé thong mo hinh va
chirong trinh tinh toan phuc vu nghién ctu dong lirc hoc tén lira tham do, dong
thai tien hanh kiém chimg mot cach c6 hé théng cac phuong phap di dé xuat.
Cac két qua chinh dat duirge nhw sau:

- Xay dimg chrong trinh tinh toan cac hé so khi ddng dira trén phwrong phap
panel va tién hanh kiém chimg trén cau hinh tén h¥a don gian Finner théng qua so
sanh véi cac két qua thue nghiém da cong bo. Cac thanh phan khi dong khong
dimg dwroc kiém chimg bang 1y thuyét Theodorsen, trong khi mé-men cam tmg
quay quanh truc duge kiém chimg théng qua dir liéu thue nghiém cua tén lira
Aerobee 350, qua do khéng dinh do tin cay cua mo hinh khi dong dirge xay dung.

- Phat trién cac chwong trinh tinh toan dong hyc hoc trén Matlab, bao
gom: mé hinh chat diém dé xac dinh quy dao so b va cac tham so dong lyc
hoc; chirong trinh xac dinh tan s6 dao dong riéng va tan so quay quanh truc dya
trén cac bigu thire Iy thuyeét, cho phép di doan cac thoi diém co kha nang xay
ra cong hwong; dong thoi xiy dung coéng cu tinh toan phuc vu phan tich moi
quan hé gitra hién trong cong hwrong va khoa tan so.

- Xay dung mo hinh mo phong dong lwc hoc bay cua ten lira tham do
TV-02 trén phin mém MSC Adams. Két qua mo phong dirgc so sanh c6 hé
thong vdi cac ket qua tinh toan ftir cac mo hinh I¥ thuyeét, qua d6 danh gia mirc
do phi hgp va pham vi ap dung cua tirng phwong phap.

- Két qua kiém chimg cho thay sy théng nhat tot giita mo phong so va
cac mo hinh Iy thuyét trong phan lén cac tnromg hop khao sat. Pieu nay khang
dinh tinh diing dan cua cach tiép can, dong thai chimg minh rang cac phurrong
phap va cong cu duroc xdy dung c6 du do tin cdy dé sir dung cho cac nghién
cima sau hon vé anh hwéng cua cac yeu to bat doi ximg va hién tirong cong

hirémg trong cac churong tiép theo.
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Chuong 4. PHAN TICH CONG HUONG GIUA DAO PONG
DO SUBAT POI XUNG VA CHUYEN PONG QUAY QUANH TRUC

4.1. Xdc dinh thoi diém cong hwong

Trudc hét, ta xét cac tnrong hop goc dat 1éch canh dudi tao chuyén dong
quay quanh true & (Hinh 2.2) nhan cac gia tri lan heot 14 0.1; 0.2; 0.3; 04 va 0.5
do. Dua trén két qua phan tich theo phrong phap 1y thuyét tinh toan tan so dao
dong va van toc goc quay quanh true (mme 2.3.2) dua treén did lieu quy dao thu
duroc tir m6 hinh dong hre hoe chat diém (mwue 2.3.1), ta ¢o thé tinh toan va xay
dimg duoe do thi theo théi gian cia van toc goe quay quanh truc p(f) g voi cac
gia tri khac nhau ciia & va d6 thi tan s6 dao dong riéng @,(f) nhir trong Hinh 4.1.

6, = 0.1 do (Ly thuyét)

=
=

A —
{ ” ~
/ J —e-p(d, - 0.1 d&)
&0 AV T - - - p(§,=02 G0)
/ —p(d_= 0.3 d8)
p / o p(8, = 0.4 95 p]
60 sy £ ~-p(&, = 0.5 d8)

Tan sé dao d6ng riéng, van téc goc (radis)

0 10 20 30 40 S0 6 70 80 S0 100
Theéi gian (s)
Hinh 4. 1. Tdn 56 dao déng riéng va van toc géc quay quanh truc
Vo1 cdc gid Il o, khac nhau.
Két qua tinh toan cho thay céc do thi p(f) tmg véi & = 0.1+ 0.5 do lan Iuvot
giao cat voi duong @,(7) tai cac diém khac nhau trong khoang théi gian dong co

lam viéc 0 + 4.2 s. C6 thé nhan thay rang khi géc 4. cang 16m, vi tri giao cat xuat
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hién cang sém. Can lvu v rang vi tri giao cat giira p(f) va wy(f) 1a cac diém nghi
ngo xuit hién hién teong cong hirong dong luc hoe. Sau khi dong co ngimg hoat
dong (sau 4.25 s), chi xuat hién giao cat giira dwong (1) va do thi p(f) tmg voi
& = 0.2 va 0.3 d9. Trong hai diém giao cat cuia duong p(f) g véi &= 0.2 do, co
mét diem gan vai thed diém tén hra quay dau chuyén dong xudng dudi. Payv 1a
giai doan phiic tap. nhung it anh hwdng do vén toc ciia tén hia tirong doéi thap sau
khi dat do cao cire dai. Do d6, dé ¢ thé phan tich mét cach chi tiét cac hién trong
lién quan. ta s& chon gia tri &= 0.3 do dé nghién ciru bai toan cong hirdong va khoa
tan so cho cac tnromg hop bat doi ximg khac nhau ctia tén lira tham do. Cac diém
giao cat cua do thi p(f) voi dromg @,(f) khi &= 0.3 do dwoe ki hiéu lan ot 12 1,
2 va 3 duoc danh dau trong Hinh 4. 1. Pay duoc coi 1a nhimg diém nghi ngd ¢6
the xay ra cong hwong va sé diroc quan tim nghién ciru vé sau.

Pé kiém tra tinh chinh xac cua ket qua khao sat trén Hinh 4. 1, ta tao ra
bat doi ximg khi dong théng qua goc léch canh dudi &, = 0.1 do theo kénh
hwéng va mo phong dong lire hoc trén phan mém MSC Adams (muc 2.4). Hinh
4. 2 biéu dién sy thay doi cua goe tan khéng gian e, theo théi gian thu dwoc tir
md hinh dong Ire hoe trén MSC Adams khi xay ra bat doi xitng khi dong tirong
mg voi cac gia tri &, khac nhau.

Co6 thé nhan thay rang trong khoang théi gian 0+ 4.2 s, cac d6 thi a,(1)
véi &= 0.1 = 0.5 do lan hrot 6 cac dinh cong hrdng rat rd nét trén Hinh 4. 2,
theo duing thir tr va thoi diem giao cat ctia cac duong p(r) voi duong w,(1). Dé
dang nhén thay rang khi & cang nho dinh cong hwéng trong giai doan dong co
lam viéc cang lon. Piéu nay cd thé giai thich do thdi diém cong hwdng dién ra
muon hon, (g vaéi tée do lon hon cia tén hra. Do d6, gia tri md-men va le bat
doi ximg khi dong ciing 16n hon, tao ra dao dong véi bién d6 16n. Trong khoang

thai gian tiép theo, ta ciing thay duoc cac dinh cong hwdng rd nét ciia cac do thi
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@) V61 8, = 0.1; 0.2 va 0.3 do. Nhan thdy rang, cac diém nay déu c6 thoi gian
tring khop vi cac thoi diém giao cat cna cac duong p(r) voi duong @,(f) (Hinh
4. 1). V6i 6= 0.3 dd, trén do thi ctia () xuat hién ba dinh cdng hwéng dugc
ky hiéu tirong trg voi cac so 1, 2 va 3. Luu ¥, cac dao dong véi bién do lon cia
gbc tan trong giai doan tir 4060 gidy la do tén lira quay dau va thay doi tir thé
khi dat do cao cuc dai, khong duge xem la cong hirong.

5,=0.1 do (M6 phéng)
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Hinh 4. 2. Gée tén khéng gian véi cdc gid tri & khdc nhau khi &= 0.1 db.
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Cac két qua nay cho thay viéc dir doan thoi diém c6 the xay ra cong
hwong theo mé hinh Iy thuyét trinh bay trong muc 2.3.3 dam bao vé do tin cay.
Trong cac trrong hop da khao sat, ta nhan thay khi 6,=0.3 do. tén lira c6 nhiéu
kha ning xuat hién hién trong cong hudng trong qua trinh bay. Vi viy, day sé
la tnromg hop dwoc phan tich chu yéu trong nhimg nghién cir vé sau lién quan
tdi cong hudmg va khoa tan so cia mo hinh tén lira tham do.

4.2. Cong hwéng va khéa tan so6 khi ¢ bat doi ximg

Pé nghién ciru hién trong cong hudng va khoa tan s6, nghién ctru sinh
&p dung mo phong trong phan mém MSC Adams cho m6 hinh 6 béc tw do (muc
2.4) va mo hinh tinh toan Iy thuyét (muc 2.3.3). Tinh toan theo hai m6 hinh trén
gilip xac dinh tdn s0 quay quanh truc p(f) va géc tan khdng gian d,(f). Cac gia
tri diroe tinh toan theo cach tiép moé phong va 1y thuyét sé dwge ding dé so sanh
va danh gia 14n nhau.

DOoi véi mo hinh Iy thuyét, cac dir liéu dau vao ciia mé hinh bao gom sur
thay doi ciia toc do, khoi hrgng, do cao, mo-men quan tinh, cac hé so khi dong
theo théi gian dwrge lay tir két qua tinh toan dong luc hoc bay 3 béac tir do cho
chat diém (muc 2.3.1). G day. viéc tinh toan theo mé hinh 1y thuyét dwoe thue
hién mot cach rieng biet cho 2 giai doan bao gﬁm giai doan khi dong co lam
viéc (trnxdc 4.25 s) va giai doan dong co khong lam vige (oir 4.25 s t6i cuodi giai
doan bay). Viéc phan chia nhw trén nham dam bao su hoi tu cua nghiem khi
giai hé phuong trinh dong I hoc phi tuyén (2.58) theo phirong phap so bang
ham ODE45 cua MATLAB.

D0i v6i cach tiép can sir dung mo hinh mé phong thire hién trong méi
trirong phan mém MSC Adams cho co hé bién doi khoi Iirong 6 béc fir do (muc
2.4), dit liéu tinh to4n lién quan t&i tn so quay quanh truc p va goc tan khong

gian o, dwoc so sanh, doi chieu voéi ket qua tinh toan Iy thuyet.
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Viéc so sanh két qua tinh toan tan so quay quanh truc p va goc tan khéng
gian o, gitta m6 hinh moé phéng va 1y thuyet nham muc dich kiém chimg chéo
do tin cay cua cac mo hinh duoc sir dung trong nghien ciru. Bén canh do, dix
liéu tir cac mé hinh theo cac cach tiép can khac nhau sé ho trg, bd sung cho
nhau trong qué trinh phén tich, danh gia van dé cong hwong dong luc hoc cia
tén Iira. Trong khi mo hinh mo phéng cho phép mb ta mét cach day du va chi
tiet cac thong so dong lue hoc trong qua trinh bay, cac mé hinh 1y thuyét tap
trung vao viéc t6i gian hé phirong trinh chuyén dong hwdng toi xac dinh cac
thanh phan anh hudng chinh Ién cac thong so dong hre hoc cua tén Iira, tir d6
dé dang hon trong viéc tim ra ban chat, nguyén 1y cua van dé. Ngoai ra, tinh
toan dong lire hoc theo mo hinh mé phong tirong déi phire tap. doi hoi can cd
thoi gian dé xdv dung va cip nhét mo hinh trong qua trinh nghién ciru. Cac mé
hinh 1y thuyét dirge don gian hoa, dé dang trong viéc khai bao, thiét lap thong
s0 tinh toan, do dé phi hop vdi cac giai doan thiét ké ban dau nham hra chon

phirong an t6i 1,

B cao va vin toc theo

T . o thin gian p.(1)
-Heé =6 hrxe cin MS hinh e R — e Ll
chinh dign Cp(MR), | | Déngipe | , |-Cic BE so khiding theo| || MO hinh uiven Es’
g WY ook BRSNS
-Lue day T(7); dizm iRk e Mmernen ] =
-Gée phing; 133) quin tinh theo thii zian | (mue 2.3.2)

-Lyc diy theo thi gian.
-Cac yéu td bit d6i ime

| Cic hb-ed Ihi ddnx theo ¢d
Mach va do cao: 5
Khii hromg vi mb-men quin ) $$ 6
e D e ardo
-Lre iy T2 e
Gocphong: | fanc 2N
-Cae veu to bat dot xizng

Hinh 4. 3. So d6 tinh todn va phén tich cong heomg va khoa tdn so.
Hinh 4. 3 biéu dién so d6 cac bude va ndi dung tinh toan thuc hién

trong muc nay theo mé hinh Iy thuyét (chay trén phan mém Matlab) va mo
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phong (trén phan mém MSC Adams). Két qua tinh toan cho tin sé quay
quanh truc va géc tan khong gian theo mé hinh 1y thuyét (muc 2.3.3) diroc
so sanh véi két qua mé phong (muc 2.4). Pong thai, gia tri tan s6 cong huéng
@y(f) va tan sO quay quanh truc thiét ké pg(f) tinh toan theo mo hinh trinh
bay trong muc 2.3.2 ciing durgc dira ra dé tham chiéu. St thay doi ciia mot
s6 tham s& dau vao cho mo hinh 1¥ thuyét tinh toan cong huwong (muc 2.3.3)
theo thoi gian duge the hién trén Hinh 3. 11.

4.2.1. Bat doi ximg khi dong

Bat doi xitng khi dong dwoc mo hinh héa thong qua goe 1éch J, cia mot
cap canh dubi doi dién nhau trén Hinh 2. 4. O day, ta xét treong hop
@,= 0 do va dap img dong luc hoc cua ten lira trong trong hop xay ra cong
huéng khi & =0.3 do.

Lan hrot cho &, nhén cac gia tri khac nhau: 0.1, 0.3, 0.6 va 0.9 do, ta khao
sat sir thay doi ctia van toc goc quay quanh truc va goc tan theo thai gian. Thong
qua viéc phén tich cac dai hrong nay. ta c6 thé dua ra nhimg danh gia vé hién
trong cong hirdng va khoa tan so.

Khi §,= 0.1 dd, trén Hinh 4. 4 xuat hién 03 diém cong hwong, trong g
voi 03 giao diém ctia do thi p(f) véi (). Khi do, do thi ez,(f) c6 03 dinh cong
hwéng trong ing cac thoi diém ¢ ~ 3.4+3.6 s ; 16+17 s va 84+86s, chimg t0
hién trong cong lmrong da lam gia tang gia tri cia goc tan khong gian. Tuy
nhién, trong cac trrong hop nay, d6 thi cia tan so quay quanh truc p(f) van bam
theo gia tri tin so duoge thiét ké pu(f). chimg t6 rang hién tirong khéa tan sd
chira xay ra. Bén canh dé, do thi cua van toc goc p(f) theo Iy thuyét va mo
phong kha tring khép, ngoai trir thoi diem 42+46 s, khi tén lira quay dau di
xuong. Piéu nay chimg t6 két qua tinh toan Iy thuyét va mé phong cua cac dai

hrong nay dam bao do tin cay.
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Hinh 4. 4. Hién tuwong cong eong khi & = 0.3 do va é; = 0.1 do.

Tiép theo, khi ting &, 1én 0.3 do trong khi van gifr nguyén gia tri
8, = 0.3 do, trong giai doan dau t = (0; 4.2 s) (Hinh 4. 5) duong do thi cua
p(f) van bam theo dwong pu(f), tuy nhién da xuat hién vi tri ¢é xu hréng
tach ra tai thoi diém 1 = (3.4+3.6 s) (thoi diém cong huong). Gia tri goc tan
khong gian o..,(7) gitta mo hinh 1y thuyét va mo phong co ban tring khép va
dat circ dai tai diém quanh diém cong hwdng khi p(f) cat m,(1). Trong giai
doan sau f =(5+100 s), dwong p(f) 1y thuyét va mé phong van tring voi pr(r).
con d6 thi o,(f) 1y thuyét va mo phong cing cho thay sy tuong dong trén
phan 16n thoi gian, ngoai trir khoang théi gian tén lira quay dau quanh théi
diém 40s. Co6 thé quan sat dirge mot so khac biét nho tai vi tri cac dinh cong
hwong nhwr trén Hinh 4. 5.
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Hinh 4. 3. Hién tuong cong hieong khi & = 0.3 do va &, = 0.3 do.

Khi & = 0.3 do va &, = 0.6 do (Hinh 4. 6), ta quan sat dugc sau khi
giao cat vai dudng @,(1). tan s6 quay quanh truc p(f) khong con bam theo gia
tri thiét ké p;z(f) ma bi khoa theo tan s6 cong huong m,(f) cia tén lira. Pay
chinh la hién twong khoa tan so xuat hién khi yéu to bat doi ximg du lén. Khi
xay ra khoa tan so, thay vi chi xuat hién cac dinh céng hwong don thuan
trong thoi gian ngan, do thi gée tan khong gian o.,(f) cho thay xu hwéng lién
tuc tang theo thoi gian va duy tri gia tri 16n. Hinh 4. 6 ciing cho thay sir thong
nhat gitra mé hinh ly thuyét va mé phéng, khi ma cac gia tri ctia p(f) va dxp(1)
ciia hai mé hinh khong cé nhiéu sir khac biét trong suot thoi gian bay. Piéu
nay khang dinh d6 tin cdy cua ca hai mé hinh trong nghién ctru hién tirong

khoa tan so.
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Hinh 4. 6. Hién tieong cong hueong ki 6. = 0.3 do va 6, = 0.6 do.

Khi & =0.3 d9, 4,=0.9 0 (Hinh 4. 7), hién twong khoa tan s6 da tré nén 16
rang doi véi ca giai doan dong co lam viée va giai doan dong co khong lam viéc.
Goc tan khong gian ez, duy tri gia tri 16n (trén 5 do) trong hau hét thoi gian bay. G
cudi giai doan bay. ta nhén thav cé su khac biét vé gia tri goc tan giira két qua ly
thuyét va mo phong. Piéu nay cé thé giai thich 1 do khi yéu to bat doi ximg lém.
qu¥ dao tén lim c6 s sai léch dang ké so véi quy dao chuan duoce st dung lam dit
liéu dau vao cho mo hinh Iy thuyét, dan dén sai so trong két qua dau ra.

“Tir két qua kiAo st cic trubmg hop bit abi xiis ki dgng b &6, ta nhin
thay xu hiréng chung phu hop véi két qua ciia cac nghién et tnrde diy [47. 48],
trong d6 cac nha khoa hoc da chi ra rang hién trong khéa tan s6 xudt hién khi yéu
to bat doi ximg di Idn va cang trd nén 1o rang hon khi ta tiép tuc ting yéu to nay.
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Hinh 4. 7. Hién tueng cong hueong khi 6= 0.3 dova &, = 0.9 do.

Tiép theo, ta nghién ctru anh hwong clia hwdng léch bat doi ximg khi
dong ¢, den gia tri cua van toc quay quanh truc va goc tan khong gian trong
trirong hop & = 0.3 d6. &, = 0.9 do. O day ta khao sat cac trirdng hop vdi cac
gdc @, = 0; 90; -90 va 180 do. C6 thé thay anh hwéng ciia dai lrong goc hiréng
léch dén gi4 tri cia vén toc géc quanh truc va goc tan la khong lon. khong lam
thay doi xu thé chung cua két qua (Hinh 4. 8). Do do6, khi nghién ctru dong luc
hoc tén lira trong tnromg hop 6 véu to bat doi xing khi dong. ta co thé bo qua
anh huﬁng ctia huéng léch @, va chi chon mot gia tri dai dién dé xem xét.

Dé danh gia anh hirong ctia cac hién tuong cong hrong dén cac hoat dong
cua tén Iira, ta nghién ctru sir phu thude ctia qua tai phap tayen va lue khi dong
phap ftuyén vao goc & . Pay la hai dai lrgng dac tnmg cua tén ltra boi ching cé
thé anh lrong trie tiép dén do bén ket cau, kha nang lam viéc cua céc thiét bi

trén khoang eting nhir hiéu qua hoat dong chung cua tén hira tham do.
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Hinh 4. 8. Anh hiedng ctia Ineomg 1éch ¢, khi .= 0.3 dé va &, = 0.9d6

Trén Hinh 4. 9 trnirde hét ta nhan thay xu hirdng chung 1a néu khong xuat hién
cong rong thi khi ting &, frong g voi tang tan so quay quanh truc ctia tén I,
cac gia tri qua tai phap tuyén va hre khi dong phap fuyén cure tai co xu hurdng giam,
Pieu nay 1a do khi tén ltra quay quanh truc, cac anh wwimg cua sai s6 bat doi ximg
bi trung binh hoéa; tén h¥a quay cang nhanh, anh hirémg nay cang giam khién dao
dong cua tén hra cang nho. Tuy nhién, khi xdy ra cong huong, cac van dé phite tap
hom xoff High. V6i sif ti gbc 1och BAE 461 ximg nho (5,=0.1.5), khi &=0.1.d0,
do thi ctia qua tai phap tuyén va hre khi dong phap tuyén khong cé cac dinh cong
hwong dac trumg. Trong khi do, khi 6. =0.2, 0.3 va 0.5 do, tren do thi cua qua tai
phép tuyén va Iy khi dong phap tuyén da xuat hién dinh cong hwong trong khoang
thoi gian 1 =(1+4.2 s), dic biét voi 8, = 0.3 dd, trén cac @0 thi nay con xuat hién
thém hai dinh cong hudng tai thoi diém t — 5+15 s var~ 85+95 s. Biéu nay phu hop

voi dir doan tnrde do vé cac thoi diém xay ra cong hudng.
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Hinh 4. 9. Sy phu thudc ciia qud tdi phdp tuyén va luc khi dgng phdp tuyén
fhi co bar doi xamg khi dong vo1 ede gid tri khde nhau cua & ( &;= 0.1 do).

Khi ting &, 1én 0.7 d0, ta thay sir gia ting cua gia tri cuc dai ctia qua tai
phap tuyen, dat gan 100 G (Hinh 4. 10). Gia tri nay 16n hon dang ké so voi tnrong
hop ;= 0.1 do. Pac biét, vdi & = 0.3 do, do hién trong khéa tan so, gia tri qua
tai nay duy tri & mirc cao so Vi cac tnrong hop con lai trong phan 16n thi gian
bay. Xu thé tirong tir ciing dirge nhén thay doi voi lire khi dong phap tuyen. Piéu
nay cho thay khi goc 1éch &, ting, gia tri clia qua tai phap tuyén va luc khi dong
phiép tuyen ciing tang dang ke va co the kéo dai trong gan nhu todn bo hanh trinh
khi xuat hién hién trong khéa tan s6. Do do. can phai tinh dén anh huéng cua

van dé nay trong qua trinh nghién ctru dong hre hoc bay ciia tén hia.
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Hinh 4. 10. Sy phu thuge cila qud tdi phdp tuyén va hec khi dong phdp tuyén
khi c6 biét ddi xuime ki dgng v6i ede id tri khdc nhau ctia &, ( & = 0.7 d6).
4.2.2. Bat doi ximg lc day
Dong co tén lira hoat dong trong khoang thoi gian (0; 4.2 s) véi cac thong so
duoc md ta trén bang 2.1. Bat doi ximg lue day dwoc the hién qua goc léch drcua
dong co so véi truc doc va hudng 1éch @r (Hinh 2. 5). Doi vai bat doi ximg lire day
dong co, ta chi xét giai doan tich cyc cta ten Itra tham do, khi dong co con hoat dong.
Khi 67 = 0.5 do (Hinh 4. 11), dwong p(f) bam sat theo dwong thiét ké
pa(f), chimg 10 hién twong khéa tan 36 chwa xay ra, Goc tan khong gian ()
ciing c6 sur ting 1én tai thai diém xay ra cong hirong (7 =[3.4+3.6 s]). tuy nhién
ngay sau do da giam xuong. C6 thé thay dudmg p(t) va a,(f) theo md phong va
1y thuyét déu kha gan nhan, khang dinh s tin cay cia phirong phap tinh toan

doi vdi cac dai hrong nay trong trirong hop bat doi ximg lre day dong co. Cling



trén Hinh 4. 11. ta nhan thiy khi &= 1 do. dudng p(r) van bam theo duong

thiét ké p{1). tuy nhién da xuat hién giai doan no bi tach ra sau thoi diém xay

ra cong hudng 1 = (3.4+3.6 s). Twong tr trxong hop or= 0.5 do, ¢ wuwong hop

nay, goc tan khong gian o,(f) cling ¢6 su tang 1én tai théi diém xay ra cong

huéng nhung véi gia tri cuc dai lon hon. Vé co ban, dudng p(f) va a(f) theo

mo phong va 1y thuyét déu kha gan nhau.
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Hinh 4. 11. Két qud tinh todn IV thuvér va mo phong khi or = 0.5va 1 dg.
Khi dr = 1.5 do (Hinh 4. 12), dwong p(f) bam sat theo dudng thiét ké

Dalf) trong gial doan inrde cong hurong va sau do no bam theo dudng @y(i).

Piéu nay chimg t6 hién tirong khoa tan so da xay ra. Cling voi do, goe tan khong

gian a,(f) cho thay sy gia ting lién tuc sau thoi diém xay ra cong huong

f=(3.4+3.6 5) va dat t6i gia tri khoang 5 do tai cudi giai doan déng co 1am viée.

Duong p(1) va oz(f) theo md phong va 1y thuyét o su khéc biét & giai doan dau,
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nhung san d6 d3 bam kha gan nhau. O day. diéu kién ban dau cia mé hinh ly
thuyét va mo phong khong giong nhau. Bo giai trong MATL AB khéng dia manh
dé giai hé phwong trinh vi phin dao dong do bat doi ximg hre day giy ra khi tén
Itra vira ra khoi gia phéng. Do d6. trong giai doan dau, mé hinh Iy thuyét c6 sai
so; tuy nhién, & giai doan on l4p. ca hai mé hinh di cho thay sw trong dong.

Xu hréng tirong tir cling drge ghi nhan khi 6r= 2 do (Hinh 4. 12). D6
thi p(f) bam sat theo dwomg thiét ké p.(f) trong giai doan trizde cong huong va
sau do6 khoéa tan s6 theo duong @,(1). DO thi caa géce tan khong gian ox,(f) cling
cho thay sur gia ting dang ké vé gia tri sau thoi diém xay ra cong hwong ¢ =
(3.4+3.6 s) dat t6i gia tri 1én dén khoang 6+8 dd va khong ¢6 xu hirdng giam
xuong, Pudng p(f) va a.,(f) theo mb phong va 1y thuyét c6 su khac biét & giai
doan dau, nhung sau dé di bam kha gan nhau.

_Eriﬂ.ﬁ do; 6, =1.5do 6,=03do; 6;=2.0do
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Hinh 4. 12. Két qud tinh todn Iy thuyét va mé phong khi & = 1.5va 2 d.
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Hinh 4. 13 cho thay khi gi4 tri cia Jr nhé (0.5 va 1 do), hién twong cong
hwéng khong din dén khoa tan so. Tuy nhién, khi gia tri dr du 16n, hién twong
khoa tan so di xay ra, khi dé dwong p(f) hic dau bam sat theo dirdmg thiet ké
palt) va sau théd diém cong hrdng, no bam theo dirdong w,(f). Cling vai do, trén
do thi géc tan chi xuat hién dinh cong hwéng khi 6r = 0.5 va 1 0, con khi
or = 1.5 va 2 do, cac dinh cong huwong khong con nira va thay vao do la xu

hirdng gia tang cuia goc tin do hién trong khéa tan so gay ra.

¥ 5 2 o §,.=0.5 d&
® |1 4o n T i
T ; ! | i —0;=1 do
& 40 --0=1.5do i o 10| .
° 2 db ~ =g b =15 60
5 k=t T_= 2 ‘,_E I :I g 5
& . & A = b2 a5 ,
- Lt i L ™
[] 2 . . | v : ATy
L . 3 4 1 2 4

ﬁ'lfﬁ gian [s} Thei gian {sf
Hinh 4. 13. Swe thay o1 cua vin toc goc va goe tan theo thoi gian
Vo1 ede goc léch or khde nhau (Két qua mo phong).

Tiép theo. ta nghién ciru anh hirong cia hudng léch lre day dong co khi
Or=2 do vt cac goc ¢r=0; 90: -90 va 180 do. Tren Hinh 4. 14, cac do thi cia
pl(f) ¢6 xu hudng kha gan nhau, va hién nrong khoéa tan so xuat hién ngay sau
thoi diém cong huéng. Piéu nay chimg t6 anh hwong cta goc erden p(r) va cac
tham so dong lwe hoc cua tén Iira 1a khong dang ke.

Dé khao sat chi tiét hon anh hiréng cna hién nrong cong huwéng dén hoat
dong cna tén Iira tham do, ta tiép tuc nghién ciu sy thay doi ctia qua tai phap
tuyén va lre khi dong phap tuyen theo thoi gian khi cé bat ddi xting lue day
dong co voi cac gia tri khac nhau cua &. O day, ta chi xét trong khoang thoi

gian triroc khi dong co ngimg heat dong (Hinh 4. 15).
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Hinh 4. 14. Anh hiedng cita huedng 1éch lec ddy dong co khi 5r= 2 db.

5,=0.5 do (M6 phéng) ;= 0.5 do (Mo phéng)

T e — < 2500
E~ w8 =0.1dG) " (8 =0.1do6)
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Hinh 4. 13. Su phu thuéc ctia qud tdi phdp tuven va liec khi dong phdp fuyén
theo thot gian voi cac gid vl khde nhau cta o, khi or = 0.5 do.

Mot xu hiréng chung tirong tir khi phén tich bat déi xing khi déng, néu
khong xay ra cong hirong thi khi tang o, cac gia tri cue dai cua luc khi dong va
qua tai phap tuyén giam. Khi xem xét van dé cong huong, ta thay voi
Or = 0.5 d9, trén do thi cua qua tai phap tuyén va lre khi dong phap tuyén xuat
hién cac dinh cong hiwrong. Khi ting &7 tang lén 2 do (Hinh 4. 16), cac dinh cong
mrong khong con 16 rang va xuat hién tuan tr nhwr truong hop dr = 0.5 do. Pac
biét, gia tri cure dai ciia qua tai phap tuyen da tang tir 20 G 1én 50 G, trong khi gia
tri cue dai ctia luc khi dong phap tuyén tang tir 2000 N 1én 4500 N. Piéu nay cho
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thay khi yéu to bat doi xing tang 1én, cac dai lwong nay ciing ting 1én kha nhanh.
Ngodi ra, Hinh 4. 16 cho thay do thi ctia qua tai phap tuyén va luc khi dong
phap tuyén khi &, = 0.3 d6 duy tri gia tri 1on va cé xu hudng ting manh & cuoi
hanh trinh do hién tirong khéa tan s6 gay ra. Piéu nav co thé dan dén cac hién
tirong mat on dinh, giy pha huy két cau tén lira cua tén Itra néu khong duoc

khong dwoe kiém soat day du.

&, =2.0 do (M6 phong) &,=2.0 dé (Mo phong)
-0 — < K000
& ° I .{.5: =01 dé 25 -SB I (4 =0.1 45|
g == =01a0 [ F 6000 —1(6,=0.2 Ao
2% L.@<=03d0 E - (§.=03 95
‘% +{£ =03 dﬁl J o 4000 ‘-'"—‘f_ﬁ =15 d{jl
L e el r
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=g

Hinh 4. 16, Sie phu thudc cila qud tdi phdp tuyén va hec khi déng phdp tuyén
theo thot gian vé1 cdc gid v khde nhau cua o khi or = 2 dg.
4.2.3. Bat doi ximg khoi lwong
Tién hanh khao sat v6i cac gia tri khac nhau cna sy bat déi xumg khoi
hwong A..voi A-= € x100% (d/2 1a ban kinh than tén lira), ta thu durge

d/2)

V-

cac do thi cua cac van téc gde quanh truc doc cua tén Iira va goc tan khong
gian cua tén hira. Pé tién theo doi, ta chia thdi gian bay 1am 2 phan: Giai doan
dau trrde 4.2 s (dong co hoat dong) va giai doan sau tir 4.5+100 s (khi dong
co ngimg hoat dong).

Truong hop A, = 3%, db thi cia p(r) theo 1y thuyét va mé phéng
déu bam theo dwong thict ké p(f) trong ca giai doan dau va giai doan sau.

Trong khi d6, goc tan khong gian theo ca 1y thuyét vi md phong ciing kha
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gan nhau va co gia tri trong d6i nho (Hinh 4. 17), tuy c6 mot so thai diém
chiing co6 sir khac biét nhat dinh. Pidu nay chimg t6 méc du xuat hién cong
hirdng, nhing hién twong khoa tan so chwra xay ra, dong thoi cho thay mé
hinh 1y thuyét va mo phong cho két qua twong doi sat. chimg to 40 tin cay
cua hai mo hinh.

g A, =3% g A, =3%
g 60 - .p @ 60
E It “@'
B | e = 40
8 D, E ;
B —fi. | B
5 20— & 20
g D i F ! : . g D + e [ T = i
3 1 2 3 4 B 20 40 60 80 100
@' Théi gian (s) = Théi gian (s)

| Ag = 3% A. =3%

6 :

l, - o Iy fhuytfal 0 - @ I?fhuyf:—t

E: 4 —a,, Md phong ;E_ : — 0, MG phnng_
p= - 0.4
hﬂ 2 -ﬂ
o o 0.2
=] 0
Q@ o

D 2 P T L — D x e s "

1 2 3 4 20 40 60 RO 100
Thoi gian (s) Thod gian (s)

Hinh 4. 17. Két qua tinh todn Iy thuyét va mé phong ki A, =3 %

Khi ting A, ting 1én 6%, hién tirong khoa tan s6 chwa xuat hin & giai
doan dau khi dong co hoat dong nhir trén Hinh 4. 18. Trong giai doan nay, gia
tri goc tan chi tang cao roi giam xuong nhanh sau d6. Tuy nhién, & giai doan
dong co ngimg hoat dong, hién trong khoa tan so da xuat hién khi ma do thi

cuia p(f) da khong con bam theo dwong thiét ké pu(r), ma bam sat vao duong



(1) trong hau hét thai gian bay. Trong trrdng hop nay. goc tan khong gian cé

gia tri cao hon so véi giai doan dau va duy tri sudt trong qua trinh bay.
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Hinh 4. 18. Két qua tinh todn Iy thuyét va mo phongkhi Ar =6 %.

Tuwong tir, khi A~ = 9%, hién tirong khéa tan so ciing khong xay ra &

giai doan dau. ma chi xuit hién & giai doan sau khi dong co ngimg hoat dong.

Cac duong do thi cua p(f) va a,(f) theo mod phong va theo tinh toan 1y thuyét

déu c6 s tirong dong ré nét (Hinh 4. 19). Tai dinh cong hurdng 1tmg véi

t = 3.2+3.4s, do thi p(f) (theo ca cong hwong va Iy thuyét) da cé xu hwdng dao

dong, nhung sau d6 van quay tro lai bam theo pu(r).

G giai doan sau, gia tri cua tan so p(f) da bi “khéa” trong nhimg khoang

theri gian kha dai tir = 15 — 70 s. Hién tirong khéa tan so chi xuat hién & giai

doan sau c6 the giai thich 12 do trong giai doan dau, lrc can chinh dién véi hé
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s0 Cy4 gan nhw cdn bang véi lirc day va trigt tidu nhau, khéng tao ra cic dao
dong chiic ngéc (Hinh 2. 6). O giai doan sau, khi 7= 0, hrc can chinh dién déng

vai tro tao ra dao dong, do d6 hién twong khoa tan so mdi xuat hién.

g A= A, =9%
e
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Véntoéc goc, tinso DDriéng fadks)
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Hinh 4. 19. Két qud tinh todn v thuyét va mo phong khi A, =9 %.
Tiép theo, ta danh gia anh huong cua hudng léch @ cua do léch khoi
tam trong trirong hop "&_C = 99, G diy ¢, nhan cac gia tri khac nhau [0; 90;
135: 180 va 270 dé]. Hinh 4. 20 cho thay do thi ciia van toc goc p(r) voi cac gia
tri @. khac nhau gan nhir tring khép trong ca 2 giai doan trirde va sau khi dong
co ngung hoat dong.
Xu hudng trong tyr cling thay trong d6 thi o5,(1), trir vi tri Xung quanh

theri diém tén ira quay dau (40 + 60 s). Pay 1 giai doan rat phire tap, do tén lira
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dat do cao cire dai va quay dau, nén nhirg nhiéu dong co thé xuat hién. Tuy
nhién, anh hiréng cnia giai doan nay dén qu¥ dao hay sur 6n dinh tén lira 12 khong
16m, do van toc cnia tén hra trong doi nha.

.&C=9% (MP) &r.=9% (MP)
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Hinth 4. 20. Két qua tinh todn mé6 phong cho A, = 9 % khi huome léch o.thay d6i.

Tiép theo, ta nghién ciru sy thay doi ctia qua tai phap tuyén va luc khi
dong phap tuyén theo thai gian khi c6 bat doi ximg khoi hrong véi cac gia tri
khac nhau ctia &. Hinh 4. 21 cho thay do thi cia qua tai phap tuyén khi
A, =3 %, nhan thiy khi & ting 1én, gia trj cia luc phap tuyén tang tai mot sb
thoi diém. Trong khi do, do thi cua lyc khi dong phap tuyén cho thay gia tri cua
dai hrong nay lén cao khi & = 0.3 do, dac biét tai cac thot diem Xay ra cong
hwong t = 2.5+4 s, gia tri cua hee khi dong phap tuyén cao hon dang ké so voi
cac truong hop con lai. Tuy nhién, gia tri qua ti phap tuyén khi
& = 0.5 d6 ludén cao hon cac tnrdmg hop con lai trong phan 1én thoi gian bay sau
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86, Didi iy o6 thé 1y gidi doKhi tén 1 1eck toue, Xkt Hi hre Ty tAf 1 16 Vi
binh phirong vén téc gée quay quanh truc p(z). Do d6. & 16n sé& khién cho tén
Itra quay nhanh va qua tai phap tuyén 16n hon so véi cac trirong hop con lai.
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Hinh 4. 21. Sie phy thude cila qud tdi phdp tuyén va lc khi dong phdp tuyén theo tho
gian khi c6 bdt doi ximg khoi liong (A = 3 %).

Khi bat d6i ximg khéi Iwong A, =9 %, d& dang nhan thay gia tri cuc dai cia
qué tai phap tuyén (Hinh 4. 22) 16n hon kha nhiéu so véi truong hop A =3 % (x4p
xi 80 G so voi 30 G). Trong khi d6. gia tri cwre dai cua luc khi dong phap tuyén
(Hinh 4. 22) la hon 800 N so vai hon 300 N trong triromg hop E =3 %.

Khi & = 0.3 do, e khi dong phap tuyén duy tri gia tri 1on trong khoang théi
gian dai do hién trong khoa tan so gdy ra. Trong giai doan tich cure, v6i & cang nho,

gia tri cure dai cia hre qua tai phap tuyén va khi dong phap tuyen cang 1ém va chi tri
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trong khoang théi gian rat ngan do hién trong cong hirong sinh ra. Xu hirdng giam
cua gia tri cye dai cua Iuc khi dong va qua tai trong giai doan tich cuc 1a do hieu
1mg trung binh héa sai so bat d6i ximg ciia tén Iira khi quay quanh truc.
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Hinh 4. 22. Sy phu thudc ciia qud tdi phdp tuyén va lc khi déng phdp tuyén
theo théi gian Khi 6 bét d6i ximg khéi lwong (A = 9 %)

4.2.4. Danh gia chung

Théng qua viée khao sat hién tirong cong hirang va khéa tan so trong cac
triromng hop va véi cac loai bat déi ximg khac nhau bang ca 2 cach tiép cén,
NCS nhén thay cé sir trong dong kha 16 gitta mé hinh 1y thuyét va mé phong.
Néu khong xuat hién cong hirong/khoa tan so, tén Iira véi goc & 16n sé quay
nhanh hon va hiéu qua hon trong viéc giam tac dong cua cac sai so bat doi
xing. Tuy nhién, khi hién tirong cong hwong/khéa tan so xuat hién, cac van dé

dong luc hoc trd nén phite tap, can phai cé phan tich, danh gia chi tiet.
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Poi vi mo6 hinh tén Iira hién tai, cac hién twong cong hwéng xay ra khi
& = 0.3 do, do d6 cac khao sat dwrroc thire hién chi yéu quanh tnrdng hop nay.

Poi véi bat doi ximg khi dong. cac tnromg hop khao sat cho thay khi géc 1éch
bat d6i ximg &, nho (0.1 va 0.3 do), hién nirong cong mrong xuat hién ca tnrde va
sau khi dong co ngimg hoat dong, nlimg khong dan dén khoa tan so; Trong khi véi
5, 0.6 05 @ it i kiida thri'sb; dc Bisk vl tisons hop &=0.9 45, histi
tirong khoéa tan sO trd nén 1d rang va kéo dai sudt thoi gian bay cia tén lia. Picu
nay khién cho gia tri goc tan luén duy tri cao trong phan Ién thoi gian bay.

Doi véi bat doi ximg hre day dong co, hién firong cong hwdng xuat hién
khi 6= 0.5 va 1.0 0, nhung khi ting &r1én 1.5 va 2.0 do, hién twong khoa tan
so xuat hién va kéo theo sy gia tang dang ké gia tri ctia goc tan.

Doi véi bat doi ximg khoi hegng, khi A =3 %, hién twong cong hurdng chi
xuat hién & giai doan sau khi dong co ngimg hoat dong; Khi ting A_ 1én 6 va 9
%, hién trong khoa tan s6 da xuat hién va khién cho gia tri géc tan tang trong giai
doan sau khi dong co ngimg hoat dong. tuy gia tri chi duy tri mure 1+2 do.

Su phu thude ciia qua tai phap tuyén va I khi dong phap tuvén vao goc &
kha 10 rang, khi mé gid trj clia & = 0.3 4 (trdmg hop xudt hién cong hirong v
khda tan sd), cac dai lrong nay co6 nhiéu théi diém tang cao hon so voi cac mrdmg
hop con lai; diéu nay co thé dan dén anh hirong dén két cau va cac thiét bi trén
khoang. Két qua cho thay anh hudng cia hudng léch doi vai ba loai bat doi ximg
1a khong lon, khong tao ra sy khac biét dang ké vé mat xu thé. Do do, c6 the hra

chon mot goc hudng dai dién dé khao sat.

4.3. Anh hwéng ciia chuyen dong quay quanh truc t6i van dé cong hwéng
Chuyén déng quay quanh truc la mot trong nhitng nguyén nhan chu véu
gay ra hien tirong cong hurong dong lue hoc cua tén Iira. Trong he phurong trinh

chuyen dong (2.73). cic hé sb 4, B; va B c6 cac so hang chira thanh phan van
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toc goc quay quanh truc p(7). Pé c6 thé danh gia anh hirong cua chuyén dong
quay quanh truc téi van dé cong hirdng ciia tén hira, ta so sanh két qua tinh toan
khi c6 va khéng c6 cac so6 hang nay trong hé phirong trinh trén.

Hinh 4. 23 va Hinh 4. 24 biéu dién két qua so sanh trong trudng hop cd
bat doi xtmg khi dong trong tnrong hop &,=0.1 do va &, = 0.6 do. Ket qua cho
thay khi khong tinh dén cac so hang chira thanh phan van toc goc quay quanh
truc p(1). hién trong cong hurémg va khéa tan so khéng xuat hién.

Twong tir khi xét tnromg hop bat doi ximg luc day dong co trong giai doan
tnrde 4.2 s (Hinh 4. 25), két qua cho thay khi khong xét dén anh hirong ctia chuyén
dong quay quanh truc, xu thé cia goe tan khong phu thude vao gia tri cua Jr: khong

xuat hién cac dinh cong hwrdmg va hién trong khoéa tan so cling khong xay ra.
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Hinh 4. 23. Anh lnrong cila thanh phan vdn téc goe quay quanh truc p(i)
den hién neong cong hueong (Bdt doi ximg khi dong khi &, = 0.1 do).
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Hinh 4. 24. Anh hirdng ciia thanh phan vén téc goc quay quanh truc p(t)
den hién tweong cong hueong (Bt doi ximg khi dong khi &, = 0.6 dd).
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Hinh 4. 25. Anh lnrong cila thanh phan vén téc goe quay quanh truc p(i)
deén hién firong cong heong (Bdt doi ximg liee day khi & = 0.5 va 1.5 do).
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Anh hwoéng cua thanh phan vén toc géc quay quanh truc p(t) dén hién
tirong cong hirdmg trong tnirong hop bat doi ximg khoi lrong drge thé hién trong
Hinh 4. 26 va Hinh 4. 27. Ta thay khi khéng tinh dén anh hiréng nay, d6 thi cua
gbc tan khong gian e, (1) thé hién xu thé trong tyr nhr trong trrong hop bat doi
ximg khi dong va e day. Do do, mot 1an nita c6 the khang dinh néu khong xét
dén anh huong cia chuyén dong quay quanh truc t6i dao dong cua tén lira, thi
hién trong cong hwong va khoéa tan so khong xay ra. Tuy nhién, doi véi do thi
cita pl(f). khi A, 16n c6 su khac biét dang ké so véi d6 thi p(f). Didu nay 13 do
so hang cudi trong biéu thite clia mé-men quay quanh truc L trong (2.67). S6
hang nay thé hién anh huéng cua dao dong cua tén Iira dén chuyeén dong quay
quanh truc thong qua cac gia tri cia goc tan g va goc truot canh f.
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Hinh 4. 26. Anh hudng ciia thanh phén vén t6c goc quay quanh trc p(t)
den hién twong cong heong (Bat doi ximg khoi heomg khi A = 3 %).
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Hinh 4. 27. Anh hueong cuia thanh phan vdn toc goc quay quanh truc p(t)
dén hién neong cong heong (Bdt doi xumg khoi lepng khi A = 9 %g).

Céc két qua khao sat & trén da khang dinh anh hwong cua chuyén dong
quay quanh truc téi dao dong cua tén Ira 1a nguyeén nhan chinh giy ra hién
tirong cong hudng va khoa tan so. Pé lam rd ban chat cua van dé nay, ta phan
tich hai phwrong trinh dau tién cia hé phirong trinh chuyén dong (2.73).

Tir cac cong thire nghiém (2.77), ta nhan thay hé luén on dinh dong do

A4

cac tri riéng ludn c6 phan thire 4m va bang — =,

-

Khi p ~ e ta co:

T
C. C,

;ﬁ[——l- —2 0 n} (4.1)
4p 4p



Do tén lia dao ddng voi ty so giam chan nhé nén.4 < @, . Khi

pz—mﬁ = 4, . 1a cO:

k
. '8 8
gy~ : —1 0 0|. (4.2)

@,-p @ -p
D¢ dang nhén thay gia tri cia 2, trong biéu thirc (4.1) rat 16n so voi gia
tri ctia no trong biéu thire (4.2). Do do, ¢6 thé khang dinh khi » ~ @, . cac goc

ava § tang dot bién va hién trgng cong hurong xay ra.

4.4. Anh hwong cia mé-men cim tng quanh truc doc tGi van dé cong
hwdéng va hién twong khéa tin so

Vi muc dich tiép tuc phén tich nguyén nhén ctia hién trong cong huwdng
va khoa tan so, ta so sanh do thi cia vén toc géc quay quanh truc p(f) va goc
tan khong gian e,(f) khi cé va khéng c6 thanh phan mé-men cam tmg quanh
truc doc L,. O day ta chi khao sat truong hop & = 0.3 do, tuong tmg khi xay
ra cong hwong.

Trude hét. xét trromg hop &; = 0.1 d6 (Hinh 4. 28), ta nhin thay cac do
thi ctia p(f) va ez,(f) tinh toan theo mé hinh Iy thuyét trang voi trrong hop khi
khéng tinh dén mé-men cam tmg (kv hiéu la chi so trén ‘no-ind’). Dé dang
nhén thay hién trong cong hudng xay ra voi ca hai tnromg hop.

Khi §, = 0.9 @ (Hinh 4. 29), khi c6 tinh dén mo-men cam tmg quay
quanh truc, hién twong khoa tan so xay ra. Trong khi d6, d6i vai tnirong hop
bé qua thanh phan mé-men nay, chuyén dong cua tén hira van chi trong tmg
voi hién trong cong hurong thong thudmg. Keét qua md phong trong trrdng
hop nay ciing cho xu thé hoan toan twong tir (Hinh 4. 30). Do d9, c6 thé ket
luén rang mo-men cam tmg quay quanh truc 13 nguyén nhan giy ra hién

tirong khoa tan so.
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Hinh 4. 28. Két qua tinh todn Iy’ thuyét anh hirong cila mé-men cam tmg
quanh truc doc (Bt doi xime khi déng khi & = 0.1 o).
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Hinh 4. 29. Két qua tinh todn Iy thuyét dnh leomg clia mé-men cam tmg
quanh truc doc (Bét doi xtmg khi déng khi &, = 0.9 do).
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Hinh 4. 30. Két qua tinh todn mé phong anh hueong clia mé-men cam 1mg
quanh truc doc (Bt doi xime khi déng khi & = 0.9 d6).
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Hinh 4. 31. Két qua tinh todn [¥ thuyét anh hieong ciia mé-men cam tmg
quanh truc doc (Bdt doi ximg liee ddy khi 5r = 0.5 dg).

Xét truong hop bat doi ximg lue day, khi khao sat theo mé hinh 1y thuyét ta
ciing nhén thay xu thé frong tir nhir treong hop bat doi ximg khi dong: khi gia tri
bat d6i ximg nho (Hinh 4. 31), khong c6 nhigu sir khac biét gitta p(f) va agll) co
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va khong c6 mo-men cam tmg. Khi ting Jr lén gia i lon (2 d9). ca mo hinh ly
thuyét va mo phong déu chi ra rang hién trong khoa tan so xay ra véi trsomg hop
c6 tinh dén mo-men cam tmg, trong khi néu bé qua mé-men nay thi chi con hién
trong cong hrong don thuan (Hinh 4. 32). Diéu nay mét lan nira khang dinh vai tro

cuia mé-men cam img quay quanh truc doi voi hién trong khoa tan so.
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Hinh 4. 32. Két qua tinh todn Iy thuyét va mé phong énh hiedng ctia mé-men
cam tmg quanh truc doc (Bdt doi ximg hee day khi &r =2 dd).

Doi voi tromg hop bat doi ximg khéi hrong ta nhan thay xu hudng khac biét
rd rang so véi cac truong hop bat ddi ximg khi dong va lwe day: D6 thi p(t) va eglf)
khi c6 va khéng c6 mo-men cam tmg gan nhwr tring nhau ngay ca khi tang gia tri bat
doi ximg Ac 18n 9% (Hinh 4. 33 va Hinh 4. 34). Khi gia tri bat doi ximg nho. chi
xufit hidh cfng hdng don thin; trong khi A1 v gi tj bt d6i xing 16n, hidn tuong
khoa tan so xay ra véi siF gia tang dang ké ctia goc tan. Ket qua mo phong va 1y thuyeét
cho thay sir thong nhat vé mat xu thé (Hinh 4. 34 va Hinh 4. 35).
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Hinh 4. 33. Ket qua tinh todn IV thuyét anh hieomg ciia mé-men cam tmg
quanh truc doc (Bdt doi xime khoi leong khi Ac = 3%).
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Hinh 4. 34. Két quda tinh tocdn Iy thuvét dnh hiedng ctia mé-men cam tmg
quanh truc doc (Bdt doi ximg khoi eong khi Ac = 9%3),
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Hinh 4. 35. K&t qua tinh todn mé phong anh hedng cia mé-men cam g
quanh truc doc (Bar doi xamg khoi heong khi Ac = 926),

Sir khac biét vé anh hirong ciia mé-men cam g quay quanh truc trong
trirong hop bat doi ximg khoi hrong so véi cac trirdmg hop con lai c6 thé duoc
1y giai 14 do s xuat hién ciia so hang cudi cling trong biéu thirc mé-men quay
quanh truc L (2.69). Khi trong tdm bi léch truc, lirc khi dong phap tuyén sinh ra
mé-men quay quanh trmuc véi gia tri 16n hon nhiéu mé-men cam tmg. Do do,
higu ng ciia mé-men cam tmg d6i voi cac van dé dong Iuc hoc bi ‘lan at° va
khéng dwoce nhin thay trong két qua. Bén canh d6, lre can doc truc 12 nguon
tao ra dao dong chiic ngoc trong treomg hop nay. Tuy nhién, khi dong co hoat
dong. hre can va lire day cia dong co triét tidu 1an nhau, dao dong chiic ngdc

gan nhir khong xuat hién nén hién nrong cong hwong khéng xay ra ngay ca khi

cac ddthi p(f) va il | 1) cat e(t). Tai giai doan déng co khéng hoat déng,
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do khéng co lirc day dong co, tén lira dao dong chiic ngéc do trong tim léch
truc va cong hirdng véi chuyén dong quay dan t&i hién tirong khoa tan so.

Danh gia chung:

- Trong trirdng hop bat déi xtmg khi dong va e ddy. anh huéng cua
mo-men cam ung quanh truc doe la kha ré rang: no la nguyen nhan chinh
gdy ra hién tirong khoéa tan so khi bat d6i ximg du 16n. Mo-men cam tmg
quay quanh truc phu thude vao goc tan khong gian, do d6 khi dwra thanh phan
nay vao trong hé phwong trinh s& bé sung diroc anh hwéng twong tac ciia dao
dong chiic ngée dén chuyén dong quay quanh truc; diéu nay dan dén hién
trong khoa tan so.

- P6i v6i tnrong hop bat d6i xtmg khoi hrong, anh hirong cia mo-men
nay la khong dang ké ngay ca trong trrong hop bat doi ximg I6n. Piéu nay cé
thé dwroc giai thich 13 do mo-men quay quanh truc cam g rat nho so vdi thanh
phan mé-men sinh ra do sy léch truc cua trong tam tén lira, day la thanh phan
chu yéu gay ra hién twong khoa tan so trong tromg hop nay.

4.5. Anh hwong ciia hién twong cong hwdng va khéa tan so dén mot so tham
s0 gbe ciia tén lira tham da.

Anh huong cua hién twong cong hwong va khéa tan so trong trrong hop
bat doi ximg khi dong dén dén gia tri cua gée tan va goc trirot canh dugce the hién
trén Hinh 4. 36. Ta nhén thay khi 6 = 0.3 dd va §, = 0.7 d0 xay ra hién trong
cong huong va khéa tan so; diéu nay khién cho gia tri ctia gde tan va gde truot
canh tang lén cao va duy tri trong sudt qua trinh bay. Trong khi d6, khi tang &
lén 0.5 d va gir nguyen J, = 0.7 dd (trong g voi treong hop khong co cong
hwrong va khéa tan so), gia tri cua hai dai heong nay chi ting cao tai théi diém
dong co hoat dong manh (1+4 s) va thai diém tén ltra quay dau (38+45 s), sau do
nhanh chong giam xuodng va duy tri & gia tri thap trong hau hét hanh trinh,
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Piéu d6 chimg té hién tirong cong hurdng va khoa tan so trong truong
hop bat doi ximng khi dong anh huréng kha 1én dén dén dén gia tri ciia goc tan
va goc trrot canh. Piéu nay c6 thé dan dén s mat on dinh, do ben két cau va

kha nang lam viéc cua cac thiet bi trén tén lhira khi gia tri cac goc nay qua cao.
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Hinh 4. 36. Sy thay doi ctia goe tén va gac treor canh theo thoi gian

trong trieong hop bar doi xime khi dong khi cong hueomg va khoa tan so.

Hinh 4. 37 ciing cho thay gia tri cac goc chic ngéc va goc hudng ciing
duy tri & mitc cao trong trirdng hop 6 cong huong va khoéa tan s6 (5, = 0.3
do), nhimng khi tang &, 1én 0.5 do, mac du toc do quay quanh truc cua tén lra
tang 1én, nhumg gi4 i ctia cac géc nay udn duy tri & mire thap.

Trong trirong hop bét d6i ximg khéi lrong voi A = 9%, ta ciing nhin
thay goc tan va goc troot duy tri & gia tri cao khi xay ra cong hurong va khoa
tan s0 v6i & = 0.3 do (Hinh 4. 38). Khi & = 0.5 do (fwong tmg vai trrong hop
khéng xuat hién hién tirong cong hwong va khoa tan s6), cac gée nay duy tri &
gia tri thap. Twong tw, doi voi cac goc chiic ngde va hwdng ciing cho thay gia

tri 16n khi & = 0.3 do va nurc thap trong tnrong hop & = 0.5 do (Hinh 4. 39),
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Hinh 4. 37. Su thay {i“ﬁf ctia goc chile ngoe va goc hueong theo thot gian
trong truong hop bat doi xime khi dong khi cong hieong va khoa 1ém sé.
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Hinh 4. 38. Swe thay déi ciia goe tan va goc trirot canh theo thoi gian
trong trieomg hop bdt doi xime khoi leome khi eong hueomg va khoa tin so.



124

A =9%
25 . 25 -
..!‘;E 25 '_‘_E:i; . / fll‘ __:-:__;;..
20 7 » S f’g 20 f{ _t_‘.';
% B i O o
5 15 5 15 E 15 %
© © o x
5 5 | i [-e (0 =0340) B :;j_
< 10+ ' £ 10 _@-0sa) £ 10+ é
j i

5 b - 5 .

] - 3 5 g .u:_'___

0 : : 0.1 A 04 0 :

2 03 04 T005 s 03 ' 0 005 0l
Gocchiic Goc hudng (dd) G"‘ ' Gochudng (do)
ngac(do) ngoe (do)

Hinh 4. 39.&:1'32@:&'5{ ctia goc chiic ngoc va goc heong theo thot ‘g‘fmi.';
frong treong hop bdt doi xamg khdi lieomg khi cong leomg va khoa 1din s6.
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Hinh 4. 40. Siethay dﬂzcmgoc rﬁﬂmgm:mmfcmihﬂmo thot gian
trong trieomg hop bat doi ximg liec day khi cong leeng va khoa tan so.



Trong trrong hop bét doi ximg hre ddy dong covéi Jr =2 do, ta cling nhdn
thay gdc tan va goc mrot duy tri & gi tri cao khi xay ra cong hirong va khoa tan s6
Vi 6 = 0.3 do (Hinh 4. 40). Trong khi d6, khi & = 0.5 dd, cic géc nay luon duy
tri & gia tri thap. Trirdmg hop nay ta chi xét trong khoang théi gian dong co lam viée.
Twong tir, doi véi goc chiic ngée va rdng eling cho thay gia ri & mitc cao trong
khi & =0.3 do va mikc thap trong tnromg hop & =0.5 do (Hinh 4. 41),
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Hinh 4. 41. Sir thay a:_i‘c’ff cua goc chic ngoc va goc hueong theo thot gian
trong trieong hop bat doi xiemg lec day khi cong meomg va khéa tan so.

4.6. Anh hwéng ciia cic yéu to bat doi xitng dén quy dao bay ciia tén lira
Khao sat anh huong ctia hién tirong cong huong va khoa tan so dén quv dao
bay cua tén Itra trong cac tnrong hop khic nhau. Hinh 4. 42 cho thay Anh hiréng
cuia sy quay quanh truc dén quy dao 3D cua tén hia khi c6 bat doi ximg khi dong.
Ta thay khi co bat doi ximg khi dong (& = 0.3 d0), néu mé-men quay quanh truc
khong 16n (5 =0.1 do), thi qu¥ dao cuia tén Iira c6 xu hudng 1éch kha nhiéu so vai
trrdmg hop chuan (khong c6 bat d6i ximg va khoéng c6 sir quay quanh truc). Trong
khi do. khi ting mé-men quay quanh truc (& = 0.3 d6 va & =0.5 d0). quy dao cua
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tén Iira c6 xu hiréng gan hon véi tnrong hop 1y trdng. Pidu nay duge giai thich 1a
do sir quay quanh truc ghip trung hoa cac sai so va gitip tén lira 6n dinh hon.
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Hinh 4. 42. Anh heomg ciia sw quay quanh truc dén quy dao 3D ciia tén hika
khi c6 bt doi ximg khi dong.
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Hinh 4. 43. Anh hudng ciia sie quay quanh truc dén quil dao bay trong mdt phang
dime ciia tén lika khi cd bat doi xime khi dong.
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Hinh 4. 44. Anh huong ciia sy quay quanh truc dén quy dao bay trong mét phang
ngang cila 1én liea khi co bdt doi ximg khi dong.

Xu hiréng tirong tr doi véi bat doi ximg le day va khoi hrong durge thé
hien trong cac hinh 4.45-4.50.
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Hinh 4. 45. Anh hueong cila sw quay quanh truc dén qui” dgo 3D cila tén lita
khi co bdt doi ximg hec day.
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Hinh 4. 46. Anh huong cila sy quay quanh true dén quy dao trong mdt phang dimg
ciia tén lika khi c6 bét déi img luee ddy.
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Hinh 4. 47. Anh huomg cila sw quay quanh true dén quy dao trong mat phang ngang
ctia tén liea khi 6 bét @oi ximg hec day.
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Hinh 4. 48. Anh huong cia sw quay quanh tryc dén quy dao 3D cila tén lika
khi co bar do1 ximg khot luong.
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Hinh 4. 49. Anh Ineomg ciia sie quay quanh truc dén quy’ dao trong mdt phdng dimg
ciia tén Itka khi c6 bat doi ximg khoi lwong.
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Hinh 4. 50. Anh hudng ciia s quay quanh truc dén quy dgo trong mdt phang ngang
cua ten lrea khi co bar doi ximg khoi lieong.
4.7. Két Iuin chwrong 4.

Chwong 4 da trinh bay két qua khao sat, phan tich va danh gia anh hwéng
ciia cac dang bat doi xtimg khac nhau, bao gom bat doi ximg khi dong, bat doi
ximg lyc day va bat doi ximg khoi hrong, dén cac dac tinh dong luc hoc ciia
ten Iira tham do. Trong tam nghién curu dwge dat vao hien tirgng cong hwrong
va khoa tan so, qua do 1am 16 co ché phat sinh va anh lrong cua cac hién tirong
nay, Cac két qua chinh ¢6 thé tom tat nhir sau:

- Trén co s@ mo hinh dong lyre hoc da xdy dung, tién hanh khao sat dé
dir doan théi diém xay ra cong hirong doi vai tén lira TV-02. Két qua cho thay,
vai & = 0.3 d6, cong hwong xuat hién tai cac khoang thdi gian f ~ 3.4+3.6 s;
16+17 s va 84+86 s trong trrong hop bat doi xting khi dong. Pai vdi bat doi
xing hre day, hién tirong cong hwong chu yéu xuat hién trong giai doan dong

co lam viée (tnréc khoang 4.2 s). Trong khi do, véi bat doi ximg khoi hrong,
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cong hurdng chi xuat hién sau khi dong co ngimg hoat dong do trong giai doan
c6 lire day, cac thanh phan lue cd xu hirong triét tidu dao dong chic ngde.

- Két qua khao sat cho thay khi mure 46 bat d6i ximg viret qua mot
ngudng nhat dinh, hién trong khoéa tan so xuat hién ngay sau cong huong. Khi
dé, tan so quay quanh truc khéng cén dat gia tri thiét ké ma bi “khoéa’ theo tan
so cong hrong, dong thoi goc tan khong gian duy tri & mite 1én trong phan lén
thari gian bay. Anh hwéng ciia hrdng léch bat doi ximg dén cac tham so dong
Iire hoc nhin chung khoéng dang ké.

- Khi xay ra cong hwong, cac dac tinh dong lwc hoc nhwr qua tai phap
tuyen va lie khi dong phap tuvén xuat hién cac dinh 6 rét. Trong trrong hop
khoa tan so, cac dai lwong nay duy tri & mirc cao trong thai gian dai. lam gia
tang nguy co anh hwong dén do bén két cau va an toan hé thong.

- Thong qua viéc boc tach cac thanh phan lire trong mé hinh, c6 thé xac
dinh rang co ché phat sinh cong hwdng gan lién vai chuyén dong quay quanh
truc cua tén lira. Sur thay déi tan so dao dong riéng theo toc d6 quay quanh truc
dan dén hién twrong “giao thoa tan s, khi tan so quay p tién gan tan so dao
dong riéng cua hé, lam gia tang dot bién goc tan & va goc trrgt canh g, khi do
hinh thanh cac dinh cong hirong.

- Md-men cam ung quay quanh truc dwege xac dinh la nguyeén nhan chu
yéu gay ra hién trong khéa tan so trong cac tniromg hop bat doi xing khi dong
va bat doi xitng lre day. trong khi anh hirong nay khong dang ké doi véi bat
doi xirng khoi lrong.

- Anh hwong ciia chuyen déng quay quanh truc dén quy dao bay thé
hién xu hwdng trong tir doi véi ca ba dang bat doi simg: khi toc dd quay
tang, guy dao tén lira co xu hirong fiem can voi troong hop 1y twong (khong

cé bat déi xirng).
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- Sir phit hop veé xu réng va gia tri gitta két qua tinh toan theo mé hinh
Iy thuyét va mé phong sé khiang dinh do tin cdy va tinh nhat quan cua cac
phwong phap nghién ciru. Hai cach tiép cin nay can dirge str dung dong thei dé
hé trg va kiém chiing 1an nhau trong phan tich.

- Trén co s& cac két qua nghién ctru, 6 thé dwa ra mot s6 khuyén nghi
doi voi mau tén lira xem xét trong lun an nhiwr sau:

+ Khi goc léch canh dudi tao quay quanh truc & nam trong khoang tir
0.2 dén 0.3 do. hién nrong cong hirong co thé xuat hién trong diéu kién cé bat
doi ximg. Khi mirc do bat doi ximg du Ién (vi du: bat doi xtimg khi dong véi
gdc léch canh dudi & > 0.3 do, bat doi xumg luc day véi goc léch vée-to lue
day &r> 1.0 d6, bat doi ximg khoi lwong voi do sai léch cia vi tri trong tim
tinh tir truc tén lira E > 3.0 %), cong hwang co thé chuyén thanh khéa tin
50.

+ Viée lua chon 4. can dua trén nure do sai so ché tao va dién kién khai
thac: néu bat doi ximg nhé. nén chon & < 0.2 do dé han ché qua tai ly tam: néu
bat doi xtg lon, can ting & > 0.3 d6 nham on dinh quy dao. dong thoi phai
kiém tra diéu kién bén két cau va kha nang chiu tai cua thiet bi. Ngoai ra, viéc

Ira chon tham so6 nay ciling can xét dén diéu kién thuc té ciia bai phong.
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KET LUAN VA KIEN NGHI

1. Keét qua dat dwroc

Xuat phat tir yéu cau thyc tién va tong quan cac nghién ciru trong va
ngoai nudce. ludn an di xac dinh cac khoang trong nghién ciru veé hién tirong
cong huong do bat doi ximg va chuyén dong quay cua tén lira tham do, tir d6
dé xuat cach tiép can phu hop, tép trung vao xay dung moé hinh khi dong, mo
hinh déng e hoc 6 bic tir do va cac phurong phap ly thuyét. Trén co sa do,
ludn an tién hanh phén tich dac tinh chuyén déng cua tén hra trong sudt qua
trinh bay, dic biét tai cac thoi diém cong hrong va giai doan khéa tan so, dong
thoi dé xuat phirong phap dur doan thoi diém xay ra va 1am 16 co che hinh thanh
cac hien trgng nay. Cac két qua chinh dat dwoc nhir sau:

- Hoan thien phuong phap tinh toan khi dong dia trén phuong phap panel
ket hop cac cong thire 1y thuyét va ban thue nghiém, cé xét dén day du cac thanh
phan khi dong khong dimg. Mo hinh da duge kiem chimg théng qua so sanh vai
cac ket qua thue nghiém tin cay, cho thay do chinh xac va kha nang ap dung cao.

- Xay dung cach tiép can Iy thuyét trong nghién cim dong luc hoc tén
Iira, bao gom: moé hinh chat diém phuc vu xac dinh quy dao co so; phwong phap
xac dinh tan so dao dong riéng va tan so quay quanh truc nham dir doan thoi
diém cong hrong; va mo hinh phén tich cong hirong phuc vu 1am 16 co ché
hinh thanh va phat trién cua hién tfirgng khoa tan so.

- M6 phong dong lwe hoc 6 bac tir do cua tén lira tham do bang phan
mém MSC Adams, cho phép khao sat day du chuyén dong khong gian va kiém
chimg do tin cay cua cac mo hinh 1y thuyeét,

- Phan tich hién trong cong lréng va khoa tan s cua tén hra quay quanh
trye: Chuyén dong quay quanh truc givip giam tan mat qui dao; tuy nhién, chuyén
dong quay nay 1am thay ddi tin so dao dong riéng cuia co hé, 6 thé dan dén hién

trong cong hrong khi ¢ cac yéu to bat doi ximg (khi dong, hre day va khdi
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hrong). Hién tirong cong hirdng xay ra khi tan sé quay quanh truc bang tan so dao
dong riéng cua tén lira khong quay. Khi cic véu to bat doi ximg du lén. hién trong
cong hirémg co thé dan toi khoa tan s6. khién goe tan va qua ti cia tén lira duy tri
gia tri lon trong thoi gian dai. Mo-men cam tmg quay quanh truc diroc khang dinh
12 nguyén nhan chinh gy ra hién tirong khéa tan so6 trong trong hop bat doi ximg
khi déng va lge day: tuy nhién, doi véi tnromg hop bat doi ximg khoi hrong, vai
trd clia no dige thay thé bang mé-men khi dong sinh ra do sir léch tim.
2. Nhimg déng gop mdi cua luan dn
- Xay dung mé hinh toan hoc tong quat mo ta chuyén dong khong gian
cta tén lira tham do co xét dén cac yeu to bat doi xitng, trong dé mo hinh khi
dong dwroc phat trién trén co s& phrong phap panel két hop céc cong thire giai
tich va ban thire nghiém, bao gom ca hiéu tmg khong dimg.
- Xty dimg dinge mb hinh 1§ thuyét, phén fich nguyén nhn va dida kita hinh
thinh cita hién tuong cong hudng, “khéa thn s&” dbi véi tén i thim db & d6 cao thip.
- Phén tich va lrgng hoa anh hwrong cua cac yéu t6 bat doi ximg (khi dong,
Ire day, khoi lrgng) va mo-men cam ting quay quanh truc dén hién trgng cong
hwéng va khoa tan s6, qua d6 cung cap co so khoa hoc cho viéc dira ra cac
khuyén nghi ki thuat trong thiét ke, ché tao va khai thac tén hra.
3. Kién nghi ve hwéng nghién ciru tiep theo
- Mo réng ap dung cic mo hinh va phurrong phap cua ludn an cho cac doi
tirgng bay tirong tir nhir tén Iira day, dan phao va cac phirong tién bay c6 chuyén
dong quay quanh truc.
- Tiép tuc hoan thién va phat trién moé hinh toan hoc dé nghién ctru, phin
tich sau hon ban chat cia hién nrong khéa tan so; danh gia anh hwang cua céac
tham so thiét ké tén hira va anh hwong cua cac yeu to bat doi xiing khi xuat hién

dong thai.



DANH MUC CAC CONG TRINH CONG BO

1. Nguyén Vin Thing, Nguyén Anh Tuan, 1.é Vii Ban Thanh. Pdnh gid
anh heéng cia xung liec tdch tang dén cdc tham sé déng hec hoc ciia tén lita
tham do khi quvén téng cao. Tuyén tap Hoi nghi khoa hoc Co hoc Thuy khi
toan quoc lan thir 25 (2023), 587-596 (HGi nghj trong nieée)

2. Nguveén Vin Thing, Nguyén Anh Tuén, Vit Quée Tru. Neuyén Ngoc
Heoa. Tinh tean dic tnmg khi dong cua tén hira tham do. HNKH cac nha nghien
ciru tre, Hoc vien Ky thuat Quan sy nam 2023, 983-990. (Hoi nghi trong nieoc)

3. Nguyen Van Thang, Nguyén Anh Tudn, Vi Qudc Tru. Nguyén Lac
Hong. Nghién ciru hién teong céng hweéng chuyén déng ciia tén lika tham do.
Tuyén tap Hoi nghi khoa hoc Co hoc Thuy khi toan quoc lan thir 26 (2024).
667-674. (Hoi nghi trang nieoc)

4. Nguyén Van Thang, Nguyén Anh Tuan, Vi Quéc Tru, Nguyén
Ngoc Hoa. Xav dung phirong phdp nghién ciru tinh toan khi dong khong
dimg cho tén lita. Tuyén tap Hoi nghi khoa hoc cac nha nghién cir tré, Hoc
vien K¥ thuat Quan sw nam 2024, 773-781. (Hoi nghi frong nweoc)

5. Nguyen, V. T., Nguyen, A. T.. Vu, Q. T., & Nguyen, L. H. (2024).
Extended panel method to study sounding rocket aerodynamics. International
Journal of Sustainable Aviation, 10(3), 193-207.
DOI: 10.1504/1JSA.2024.140659. (Tgp chi Scopus, ESCI Index)

6. Nguyen, V. T., Nguyen. A. T., Vu, Q. T., & Nguven. L. H. (2024).
Effects of unsteady aerodynamics on the flight dynamics of sounding
rockets. The Fourth Infternational Conference on Material. Machines., and
Methods for Sustainable Development - MMMS2024. 347-355.
DOI: https.//doi.org/10.1007/978-3-031-96126-7 43. (Hopi nghi quéc té -
Scopus Index)



136

7. Nguyen, V. T., Nguyen, A. T., & Vu, Q. T. (2024). Study the
variation of the pitching frequency of sounding rockets. Jowrnal of Military
Science and Technology. 98, 146-154. https://doi.org/10.54939/1859-
1043.).mst.98.2024. 146-154. (Tap chi trong niroc)

8. Nguven Vin Thing, Nguyén Anh Tuan, Vit Qudc Tru. Nguyén Ngoc
Hoa. Anh hiedng ciia mé-men quay quanh truc cam tmg dén dong hte hoc bay
ctia tén lika tham do. Tuyen tip Hoi nghi khoa hoc cac nha nghién ciru tré. Hoc
vien Ky thuat Quan sirnam 2025, 1008-1017. (Hoi nghi trong meoc)

9. Nguyen Van Thing, Nguyén Anh Tudn, Vit Quoc Try, Nguyén Ngoc
Hoa (2025). Anh hrong cia mo-men cam tmg quanh truc doc téi cong hwrong va
khéa tan so. Chuyén san Bao dam K§ thuat quan sw/Tap chi KH&KT (12/2025),
ISSN 1859-0209, 153-168. (Tap chi trong nieoc)



[1]
[
]

[4]

[5]

161

[7
[8]

9]

[10]
[11]
[12]
[13]
[14]

[15]
[16]

[17]

[18]

[19]

[20]

137

TAI LIEU THAM KHAO

R F._ Stengel, Flight performance of a small, low-altitode rocket, Journal of Spacecraft
Rockets and Spacecrafts, 3,(6). (1966), pp. 938-939.

R H Burth, P. G. Cathell. D. B. Edwards, A. H. Ghalib, J. C. Gsell, H. C. Hales. H C.
Haugh and B. B Tibbetts, "NASA Sounding Rockets User Handbook " 2023

P. S Bushnell Jr, . R Busse, G. E. Kraft, and M. T. Leffler, A compendium of NASA
Aerobee sounding rockset launchings for 1964, NASd (Narional deronautics and Space
Administration), (1967). Washington, D.C.. USA.

G. Boersma, J. Bosgra. H Krushnink and C. Schmeitink. Companson of the mmpact
dispersion of unguided and gwded sounding rockets with further evaluation of a velocity
controlled rocket, 1n 2nd Sounding Rocket Technology Conference, (1970).(p. 1381

A T. Npuvén and N. B. Tran, Nghién cifu dong luc hoc bay cia tén hia dan hoi dudi tic
dung cia gié ngav nhién Tuven tip cong trinh Hoi nghi Co hoc K¥ thudt toan quéc, Ky
mém 35 nam thanh lp Vién Co hoc, 10/4/1979 — 10/4/2014. Tép 1. Co hoc May, Co hoc
Thity khi va Béne luc hoc va diéu khién | (2015). pp. 605 —610.

F. A Woodward, Analysis and desizn of wing-body combinations at subsonic and
supersonic speeds: Jowrnal of dircraft. 5, (06), (1968), pp. 328-334.

MSC Adams Documentation, (2009).

W. T. Thomson, Equations of motion for the vanable mass system, 47144 Jownal, 4, (4),
(1968). pp. 766-768.

A T Nguyen. J-H Han and T. T. Vu, The Effects of Wing Mass Asymmetry on Low-
Speed Flight Characteristics of an Insect Model, fimernational Jowrnal of Aeronautical and
Space Sciences, 20, (4). (2019), pp. 240-952.

M J. Vinacco, ExFiT Flight Desipn and Structural Modeling for Falconl AUNCH VIIT
Sounding Rocket, University of Texas ar Austin. (2010). Austin, Texas, USA.

F. Van Zanten Composite sounding rocket pavloads: A structural desion study, De Backer,
Wour, (2022).

5 M. Chowdhury, Design and performance ssmulation of a hvbnid sounding rocket, Citeseer,
2012,

N. Zosmmovych, Sounding rocket prelimmary desion. Ewropean Jownal of Engineering
Techmology Research, 6,(2), (2021), pp. 136-141.

B. N. Pamadi. Semiempirical method for prediction of agrodynamic forces and momenis on
a steadily spinming light airplane, Natonal Aeronautics and Space Admumistration:
Scientific and Technical Information Diviston, December, (1987).

T B.Barlow, W_H. Rae Jr, and A Pope, Low speed wind tunnel testing. INC.AS Bullerin, 7.
(1). (2015), p. 133.

T. I Scoyand R. Z. Schmdt, Aerodynamuc predictions, compansons, and validations using
missile datcom (97) and asroprediction 98 (ap98), Jowrnal of spacecraft and rocker, 42,(2),
(2005), pp. 257-265.

W. Zhang. Y. Wang, and Y. L, Aerodvnamic study of theater ballistic nussile target,
Aerospace science technology, 24, (1), (2013), pp. 221-225.

A N Damlov. V. N. Koshevor, N. F. Krasnov, and V. F. Zakharchenko. Rocket
Aerodvnamics(Soviet book on rocket aerodynamics covering configurations, lifting,
stabilizing and control surfaces, friction and  heat transfer charactenistics),
Mashinostrovenive, (1968). Moscow, USSE_

E. Volchkov, N. Dvornikov, V. Lebedev, and V. Lukashov, The investigation of vortex
chamber aerodvnamics, in Proceedings Third Russicm-Korean Intermational Symposium on
Science and Technology. KORUS'99 (Car. No. 99EX362), (1999). pp. 40-43: IEEE.

A F. Maurnice, Aerodynamic performance predictions of a SA-2 Missile using Missile
Datcom, NAVAL POSTGRADUATE SCHOOL MONTEREY, CALIFORNIA (2009).



21]

TF
s

[23]
[24]
[25]
[2

[27]

[28]
[29]

[30]

[31]
[32]
[33]
[34]

[33]

[36]

B7]

[38]

[39]
[40]

[41]

138

5. Y. Lee, A Vortex Theorv for the Aerodynamics of Rectangular Wings, 4744 20224147
Session: Applied Aerodynamics General Topics, (2022).

F. A Woodward, J. W. Larsen, and E. N. Tinoco, Analysis and Design of Supersonic Wing-
bodvy Combinations, Including Flow Properties in the Near Field: Part T-Theory and
Application | National Aeronautics and Space Administration., (1967).

5. C. Elmaci, Steady and unsteady aerodynamic analysis of the airfoil profiles by using
vortex singularity elements, Tzmir Institute of Technology (Turkey). 2018,

W._ Stlvaand W. Silva, Identsfication of hinear and nonlinear aerodvnamic impulse responses

using digetal filter techniques, 1 2 2nd dimospheric Flight Mechanics Conference, (1997).(p.
3712,

I Katzand A Plotkin, Low-speed aerodynamics: Cambridge umversity press, (2001),

5. M. Belotserkovsky, V. Kotovski, M. Nisht, and R. Fedorov, Two-dimensional separated
flovws: CRC Press, (1932).

V.D T.Le. A, T. Nouyen. L. H Nguyen, N. T. Dang, N. D. Tran, and J-H Han

Effectiveness Analvsis of Spin Motion in Reducing Dispersion of Sounding Rocket Flight

due to Thrust Misalignment_ Frrernarional Jownal of deronaurical and Space Sciences, 22,

(5). (2021), pp. 1194-1208.

E. L. Fleeman, Tactical missile design: Amencan Institute of Aeronautics and Astronautics

Reston, (2001).

E. Oktay and H. Akay, CFD predictions of dynamic derrvatives for mussiles, in 40th 47144

aerospace sciences meeting & exhibit, (2002).(p. 276, Reno, Nevada, USA.

N. Juliawan H -S. Chung_J-W. Lee, and 5. Kim_ Estimation and Separation of Longitudinal
Dhvnamic Stability Denvatives with Forced Oscillation Method Using Computational Flnd
Dvnamics, Aerospace science technology, 8,(11)_(2021). p. 354,

G. Noetscher and B Charles, Benchmarking bluff body aerodvnamics, i Zlsr 4744

Aerodiynamic Deceleraror Systems Technology Conference and Seminar, (2011),(p. 2607.

J. V. Lewas, The effect of wind and rotation of the earth on wngmded rockets, BRL. Report,

(685). (1948).

C.P. Hoult, Launcher length for soundme-rocket pomnt-mass trajectory sumulations_ Jowrnal
af Spacecraft, 13, (12}, (1976), pp. 760-761.

C. P. Hoult, Sounding-rocket wind-response correction, Jownal of Spacecraft Rockats, 53,
(4}, (2016), pp. 763-765.

W. Peng, Q. Zhang. T. Yang. and Z Feng, A high-precision dynamic model of a sounding
rocket and rapid wind compensation method research, ddvances in Mechanical Engineering,

9, (7). (2017). p. 1687814017713944.

G. H Ceotto, R N. Schmitt, G. F. Alves, L. A Pezente, and B. 5. Carmo, RocketPy: six
degree-of-freedom rocket trajectory simulator, Jowrnal of Aerospace Engineering, 34, (6).

(2021). p. 04021053

5. Chowdhury, J. Pitot de La Beawardiere, M Brooks, and L. Roberis, An mtegrated six
degree-of-freedom trajectory simulator for hybnd sounding rockets, in 490k A4 4 derospace
Sciences Meeting including the New Horizans Farum and Aerospace Exposition, (2011)(p.

1223

T Huh B Ahn Y. Kmm H Song. H Yooen and 5. Kwon Development of 2 Umiversity-

Based Simplified H:0.PE Hybnd Sounding Rocket at KAIST. Iternational Jownal of
Aeronautical Space Sciences, (2017).

P. D. Wilde, Range safety requirements and methods for sounding rocket launches, Journal
af Space Safety Engineering, 5, (1), (2018), pp. 14-21.

Z. Trzun, M Virdoljak, and H Cajner, The Effect of Manufacturing Quality on Rocket
Precision, derospace, 8, (6), (2021), p. 160

R. N. Enauber, Thrust misalienments of fixed-nozzle sohd rocket motors, Jownal of
Spacecraft and Rockets, 33,(6),(1996). pp. 794-799.



[42]
[43]
[44]

[45]

[46]

[47]

[48]

[45]

[50]
B1]

[52]

[53]

[34]

[56]
[57]

[58]

[59]

[60]

139

B. Etkin and L. D. Reid, Dynamics of flight: stability and control- John Wiley & Sons,

(1995).

I. R Busse and G. E. Eraft. derobee 130 structural and aerodymamic piich coupling:

National Aeronantics and Space Admimstration, (1966).

A Hijertstrand, ATth Dirernational Astronautical Congress Stockhalm 1960: Proceedings Vol

IT- Small Sounding Rockets Svmposiuni: Springer Science & Business Media, (1961),

E. G. Rolf Wubben, Kryn de Kievit, Bart Kevers, Maunts van Heyningen_ Martin Chnistiaan

Olde_. Investigation of the m-flicht failure of the Stratos I Sounding Rocket. | I8487,

(2019).

J.R Busse and G_E. Kraft, Aerobes 150 structural and aerodynamic pitch coupling{ Aercbee

150 structural and asrodynamic pitch coupling failure analysis based on flight performance

data reduction), (1966).

A G. Mikhail "Fin Damage and Rod Eccentricity for Spin/Pitch Lock-in for Antiarmor

Kinetic Energy Projectiles.” in "Army Research Laboratory Aberdeen Proving Ground MD

Weapons Matenials Research Directorate.” 1997.

D. A Pnce, Sources, mechamisms, and contrel of roll resonance phenomena for sounding

rockets, Jowrnal of Spacecraft amd Rockers, 4, (11), (1967). pp. 1516-1325.

W. Hatalsky, P. Sollow, and J. Taylor, The effect of fin design on the induced rolling moment

characteristics of sounding rockets, m Soumding Rocker Vehicle Technoiogy Specialist

Conference, (1967).(p. 1313,

I Morote, Resonant lock-in of unzuded rockets having nonlinear aerodynamic properties,

in 44th AI44 Aerospace Sciences Meeting and Exhibit, (2006),(p. 830.

A A MTvmrpmesckmi and J1 H Jeicemko, Brewras Sauiucmura: MammuocTtpoeHss,

(2005).

E. MNagarajan_ An Investigation of the Susceptibility and Practical Mitigation of Pitch-Roll

Resonance in Fin-Stabilized Liqud Sounding Reckets, Georgia Institute of Technology,

2024,

T. H. Vii, Thuyét minh dé ta1 “Tiép cin ki thudt phéng tén lra nghién ciru tim thip bang md

hinh vat ¥ trén co s& mau tén loa the nphidm TV-017, M3 s6 VI'TLD/14-15, Ha N6i

(2014).

L. H Nguvén, Thuyét minh dé tai “Nghién ciu, thist ké va ché tao miu tén lira nghién ciu

(Sounding Rocket) dira thiét bi khoa hoc 48 thi nghiém thu thip dit hiéu khi quyén ting cao™
. Ma so: VT-CN.02/18-20, . (2018).

’\I L Hong. B. N Thanh N A Tuin andL. V. B. Thaﬂh,Xav dirng chirong trinh mé phong

qui dao cic mau tén hia nohién civa, Ho thdo qudc gia vé thoa hoc va edng nohé vil tru

némi 2021, (2021). pp. 33-43.

V.B.T. Léand A T Nouyén. Tinh toan déng luc bay cho mau tén s TV-02, Tuyén tdp

Céng trinh Héi nghi Khoa hoe Co hoe thay b‘n Idn thtr 22, (2020), pp. Tr. 744-749.

H Q.Binh aﬂd’-\T T. Pang, Mé phong tnyc tiép su xuat hién va lan truyén giao thoa khi dong

cia nhiéu séng Mar_h!mnn dong khéng ditng, Tuvén tdp Cong trink Hoi ng}iz khoa hoc Cor

hoc Thily khi todn quéc idn thir 22, 2020, (2020), pp. 670-676.

V.Q Duong. A T. Nguyeén, and C. Pham, Tinh toan d6 bén thin tén lita sit dung dong co

nhén lidu ran, Tivén 1dp Cong trinh Ho1 nghi Khoa hoc Cor hoc thiy khi ldn thir 22, (2020).

pp. 687-695

N. T. Diing, P. T. Béng. L. Q. Quyén, T. V. Khang, and B. N. Thanh, Nehién ciu thiét ké

cum loa phut cia d6ng co ting 1 sir dung trong tén léa TV-02, Twyén tdp Céng trinh Héi

nghi khoa hoe Cer hoe Thily khi todn quéce ldn thir 22, 2020, (2020), pp. 180-188.

L.D. Anh and T. T. Hiang. Phin tich dOng chiy trén bé mat bang xi¥ I anh vi ing dung

trong xic dinh trirdne ma sat trén bé mat canh tam gidc, TN Jownal of Science Technology,

227, (11). {2022). pp. 127-135.



[61]

[62]

[63]
[64]

[65]

[66]
[67]
[68]
[69]
[70]
71
[72]
[73]
[74]
[73]
[76]
[77]

140

P. Q. Nzuvén, A T. Nguyén, and Q. A Nouvén. Xay dung chueng trinh tinh toan khi déng
cho khi cu bay dwdi 4m bang phuong phip xoay réf rac, Tap chi Mioa hoe va ki thudt’ Hoe
vién iy thudit Cudin si, (139), (2014).

Trin Neoc Poan, Trin Quang Pirc. and N. A Tudn, Lira chon md hinh chiy réi trong tinh
toan cac dac tinh khi dong cia mau tén lia siv dung ANSYSFLUENT. Science and
Techmology, (139), (2014).

Q. Din. I Egerov, and A Fedorov. Mach wave effect on laminar-turbulent transition
supersonic flow over a flat plate, Fluid Dvnamics, 53, (5), (2018), pp. 690-701.

B. V. Phuong, Nghién cifu déng lyc hoc cia tén lika cd tinh dén anh hudng caa véu té dan
héi. Ludn an Tién si ki thudt. Hoc vién K thudt quin sg, 2020.

N. V. Chiic, P. V. Chuong, T. M. Tuan, L. Q Thuong, T. P. Hoanh, and L. B. Hanh, Nghién
ciru phm tri khi donz phuc vu tinh toan cai tien, thiét ké mdi tén lira didu kiuén mét kénh
tim gan, Nohién cuu  Ehoa fioc céng nghd, (2019).

R I. "'uelsnﬂ_ "The motions of rulll.l:uz symmetrical missiles referred to 2 body-axis system,”
1956, vol No. NACA-TN-3737.

E. L. Fleeman Technologies for future precision strike mussile systems-mmssile design
technology, RTO SCT Lecture Series on Technologies for Funee Precision Strike Missile
Systems. Published in RTO-EN-018, (2001).

U. Giilgat, Fundamentals of modern unsteady aerodynamics: Springer, (2010),

I Lawrence, "Some aspects of the flight dynamics of the aercbes 350 in region of pitch-roll
coupling " 1965

CG from the CFD Siudies of Astra M2 m 2017-18. Available:
htips://x com/defencedecode/status 1276796192618 1 88800

W. L. Oberkampf and L. E. Watsen Jr, Incompressible potential flow selutions for arbitrary
bodies of revelution. 4744 fowrmal, 12, (3), (1571), pp. 409411,

F. O. Eke, Dynamics of Vanable Mass Systems, Tech Rep. CR-1998-208246, (19959).

R C. Nelson, Flight stability and automaric contrel: WCB/MeGraw Hill New York, (1998).
R_L. Carmichael, Public domain computer programs for the aeronautical engineer, version
1. CD-ROM, Public Domain Aeronautical Software, (2015},

A D. Dupws and W. Hathaway. Aeroballistic range tests of the basic finner reference
profectile at supersonic velocities: Defence Research Establishment Valcartier, (1997).

A Dupus, Aeroballistic range and wind tunnel tests of the Basic Finner reference projectile
from subsonic to high supersenmic velocities, Defense R&D Canada TM 136, (2002).

I. R Wnght and J. E. Cooper, fmroduction ta aircraft aeroelasticity and leads: John Wiley
& Sons, (2008).



