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TOM TAT

Bai bdo trinh bay két qua nghién ciru mé phéng thiy dong lhee hoc chuyén dong ciia tau thiy trén séng, bt dau tir
viée xdy ding mé hinh mot tau ché hang cu thé trong phan mém thiét ké tau thiy Autoship, sau d6 chuyén sang AQWA,
médun phdn tich thiy déng liec hoc ciia phan mém ANSYS d@é thiee hién mé phéng va phan tich chuyén dong ciia mé hinh
tau nay trén séng bang phirong phap tinh todn déng hee hoc chat léng (Computational Fluid Dynamics - CFD). Két qua
mé phong thiyy dong hee hoc sé la co s6 dé gidi cac bai toan lién quan dén chuyén dong tau trén séng nhu tinh bién do dao
déng, tinh sirc can, phan tich anh hudng séng, tdi trong trén tau dén chuyén dong tau v..v...

Tir khda: mé phong thiry dong lic hoc, phan mém AutoShip, AQWA - ANSYS, RAOS

ABSTRACT

This paper presents the research results of hydrodynamic simulation ship motion in regular wavea. Beginning from
building the model of cargo ship by Autoship - ship design sofiware to importing to AQWA - Hydrodynamic module of
ANSYS orders to simulate and analyse ship motion in regular waves by Computational Fluid Dynamics - CFD. This
hydrodynamic simulation results will be basic to solve the problem concerning to ship motion in regular waves such as
caculate Response Amplitude Operators (RAOS), ship resistance, effecting of regular waves, load to ship motion etc.

Keywords: hydrodynamic simulation, AutoShip sofiware, AQWA-ANSYS, RAOS

I. DAT VAN BPE

Tinh toan déng lwc hoc chét 16ng (Computional
Fluid Dynamics - CFD)? la mét phwong phap tinh
m&i, dwoc xay dwng trén co s& két hop gitra
phwong phap sb va cong nghé mé phdng trén may
tinh dé& giai nhitng bai toan lién quan dén chuyén
doéng cuia dong chét 16ng hodc dong chét khi bao
xung quanh vat thé bat ky. N6 hién dang duoc
ng dung réng rai trong nhiéu linh vwc nhdm té
chire thye nghiém o trén may tinh thay cho thuc
nghiém ma nhiéu khi, viéc td chirc thyc nghiém that
c6 thé rét tbn kém hodc khong thé thuc hién. Véi
vai trd quan trong nhw thé nén CFD dwoc cac nha
khoa hoc nhin nhan nhw Ia “phwong phap thi ba”,
cling hai phwong phap nghién ctvu truyén théng la
nghién ctru ly thuyét thuan tiy va thwe nghiém thuan
tay, trong td chirc nghién clru va phat trién nhirng
ng dung ky thuat trong rat nhiéu linh vwc khoa

hoc khac nhau. Trong nhitng ndm gan day, CFD da
dwoc van dung rong rai trong mé phéng dong chéat
Idng chay xung quanh bé& mét than tau, nham khao
sat cac hién twong thiy dong lwc hoc xuét hién khi
tau chuyén dong trén séng. V&i y nghia do, bai bao
nay trinh bay két qua cla ching tdi trong nghién
ctu ng dung phwong phap CFD, bing cach st
dung AQWA ANSYS - mét médun tinh toan thay
doéng lwe hoc ctia bd phan mém Ansys, dé thwe hién
viéc md phéng va tinh toan thdy dong lwc hoc cho
mét tau cu thé.

Il. PHUONG PHAP VA NOI DUNG NGHIEN clPU
V& mat phwong phép, séng bién tw nhién dung
trong nghién ctru cac chuyén déng co6 chu ky cla
tau thdy dwoc xét nhuw 1a tap hop cla vé sb séng
didu hoa bién d6 nhd, cé tan sd va chu ky khac
nhau, pha ngau nhién. Phan &ng cla tau véi nhidu

"PGS. TS. Tran ,Gia'Théi: Khoa Ky thuét giao théng - Trwdng Pai hoc Nha Trang .
2 CFD la chir viét tat ciia cum tir ti€ng Anh “Computational Fluid Dynamics” da dugc st dung phé bién, do d6 chang téi
sé str dung thuat ng viét tat nay trong su6t cac ndi dung ctia bai bao
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séng diéu hoa co bién do, tAn sb khac nhau, pha
ngau nhién, tac dong ddng thoi, dwoc xét nhw 1a
moét qua trinh ngau nhién, sé 1a tap hop cla cac
phan rng riéng & clia tau v&i tirng con séng.

Khi dé, tinh toan thiy déng Ilwc hoc cla tau
trén song la nham xac dinh phan (ng cla tau trén
séng diéu hoa, théng qua viéc xac dinh cac théng sb
dao dong cla tau véi bién d6 va chu ky phu thudc
bién do, tAn sb sdéng, cu thé nhw cac yéu tb thly
tinh (Hydrostatic), thdy déng hoc (Hydrodynamic),
bién dd dao dong clia tau (Response Amplitude
Operators - RAOs), phan b clia &p suét thiy dong
lwc hoc (Hydrodynamic pressures) va cac chuyén
déng cua tau trén séng (motions), cac lwc cwdng blrc
(Iwc Froude - Krylov), hé sb can... Cho dén hién nay,
bai toan thldy déng Iwc hoc tau thly thwong dworc giai
bang kj thuat CFD (ng dung cho dong chét [dng chay

bao xung quanh than tau thdy, k&t hop thuc nghiém
@& kiém dinh lai m6 hinh tinh [3]. Do d6 hién nay ciing
da c6 nhidu phan mém CFD nhw AQWA ding dé
phan tich thay dong lwe hoc tau thdy. Tuy nhién, van
dé dat ra & day 1a viéc xay dung md hinh thuyc té cta
tau tinh toan trong cac phan mém nhw thé gap nhiéu
kho khan vi hinh dang phtrc tap cda than tau va kha
nang tiép nhan chinh xac mé hinh tinh [1].

Trong nghién ctru nay, ching toi gidi bai toan
dat ra trén co s& st dung phan mém thiét ké tau
Autoship xay dwng chinh xac mé hinh tau va chuyé&n
né sang méi trwdng CFD trong mddun phén tich
thay dong lwc hoc AQWA clia ANSYS dé thuc hién
cac tinh toan thady dong lwe hoc theo trinh tw giai bai
toan CFD da biét. Mot cach tdng quat, c6 thé tom tét
phwong phap va ndi dung nghién ciru bang so dd
nhw mo ta trén hinh 1.

Xay dwng md hinh
tau trong Autoship

Chuyén mé hinh tau sang tinh toan
CFD trong AQWA ANSYS

:

Tinh toan va thiét 1ap cac thong sb
vat ly ciia mo hinh trong CFD

;

Chia lwéi va thiét 1ap cac
didu kién bién

N Tinh toan va phan tich thay
| déng Iwc hoc mo hinh tau dang xét

Hinh 1. So' d6 qua trinh nghién ctru

Trong pham vi clia bai bao nay, chung t6i sé
trinh bay cu thé ky thuat xay dwng va thiét lap
cac théng sb clia mot moé hinh tau cu thé trong
moi trudng AQWA dé tinh va xuét két qua tinh
thay dong lwc hoc tau. Trong bai bao tiép theo,
chiing tdi sé& trinh bay két qua tinh déi véi mo
hinh tau da c6 sé liéu thwc nghiém dé cé thé so
sanh, danh gia két qua tinh t&r phan mém véi sb
liéu thuc té.

lil. KET QUA NGHIEN Cl’U VA THAO LUAN

Qua trinh xay dung va thiét 1ap cac théng sb
mo hinh tau tinh toan trong AQWA thwc hién theo
trinh tuw:

Hinh 2. M6 hinh tau hang khao sat
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1. Xay dwng md hinh tau trong phan mém thiét
ké tau Autoship
Tién hanh xay dwng trong phan mém thiét ké tau
Autoship md hinh clia mét tau chéd hang dang hdng
tron, mi va dudi co dang qua &, b tri thém mét chan
vit ddy ngang & miii va co cac kich thuwéc chinh nhu sau:
- Chiéu dai toan bo (overall length): L =24 m;

- Chiéu rong (breadth): B=6m;
- Chiéu cao man (depth): H=3m;
- Ban kinh hong: r=1m;

Géc toa do6 dwoc dat tai vi tri giao diém gitra
than tau véi phia dwdi séng chinh (keel) cla tau
(hinh 2). Trinh tw thyc hién bai toan nay dwoc trinh
bay cu thé trong tai liéu [3] clia cling tac gia.
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Hinh 3. M6 hinh tau hang dwng trong Autoship
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Sau khi dwng xong mé hinh, tién hanh tao thanh
mot nhém chung cho toan bd cac bé phan tau da
dung, sau d6 nh&p chuét vao muc View va chon
muc Render dé t6 bong toan bd mé hinh tau nhw mé
ta trén hinh 3. Lwu lai md hinh tau nay dwéi dang
file c6 dudi .iges béng cach chon muc File — Export
— IGES — chon noi lwu va tén file mé hinh tau,
vi du ship.igs — chon Yes trong hép cau hai: “Split
Objects at Corners?” — nhap trong hop thoai Accep
table Tolerance (m) gia tri 0.01 — OK.

innect

File View Tools
[_INew [5 Open...

B Analysis Systems

i1 Help
ST (kg,m,s,K,AN,V)
¥ Metric (kg,m,s,°C,AN,V)
Metric (tonne,mm, s, °C,mA,N,mV)

@ Design Assessmen U.S.Customary (Ibmin,s, °F,A,Ibf,V)
Electric UU.5.Engineering (b,in,5,R,Abf,V)
¥ Explicit Dynamics

Display Values as Defined

{3 Fluid Flow-BlowM
@ Fluid Flow - Extrus| ¥
Fluid Flow (CFX)
Fluid Flow (FLUEN
{G Fluid Flow (POLYFLOW)
@ Harmonic Response

Hydrodynamic Diffradion

Display Values in Project Units

Unit Systems...

Hinh 4. Thiét 1ap hé don vi

- Nhép chuédt phai vao & Geometry — Import
Geometry — Browse — chon tap tin mé hinh tau
da dwng trong Autoship — nhap Open dé mé tap
tin nay — Nhap phai 6 Geometry — chon muc Edit
Geometry dé m& Design Modeler — chon meter |a
don vi chiéu dai — OK dé& nhap mé hinh tau vao mai
trwong Hydrodynamic Diffraction - Design Modeler
— chon 6 Detais View va thay dbi cac muc Simplify
Topology: Yes — Tolerance: Loose dé& cé thé stva I6i
tap tin .igs — Chon muc Generate dé tao ra mé hinh
hinh hoc trong Design Modeler.

3. Xac dinh mat phang dwong nwée va dwdng nwéc
- Cat md hinh tau & vj tri mén nwéc dé phan
chia thanh hai méi trwdng nuéc — khéng khi bang

e ot ot T Y
2686 00- G el & BEEB/ - |5+ RARMAAE [Hes 1R
e 5

B W fo S fo e S A

st [Pt o]
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Hinh 6. X4c dinh mit phiing mén nwéc tau

2. Nhap mé hinh tau vao médun AQWA ctia Ansys

- Khéi dong Ansys Workbench — chon muc
Unit trén thanh céng cu dé thiét l1ap hé don vi —
chon cac muc Metric (kg, m, s, ...) va Display Values
in Project Units (hinh 4).

- Nh&p d6i chudt hodc nhap va kéo tha muc
Hydrodynamic Diffraction cia médun AQWA tr hop
Toolbox ctia Workbench vao vung Project Schematic
(hinh 5) [1].

Toolbax

X Project Schematic

|El Analysi Systems |:

@ Design Assessment

Electric

{1 Explct Dynamics

@ Hatmonic Respanse

[! Hydrodynamic Diffraction
(2] Hyhodynaric Tine Resparse
) Linear Bucking
Magnetastatic

fl] Hodd

Madal (Samcef)

Bl Nandnes Bheabinn

Hinh 5. Man hinh khéi dgng Hydrodynamic Diffraction
cach nhap chon muc Tools — Freeze (giup hop nhét
ma hinh thanh mét phan t& dé co thé thwc hién chire
nang cat — slice) — md hinh sé tr& nén trong subt
— Binh nghia mén nuwéc tau bang cach nhdp muc
Creat — Slice — chon XYPlane (chon mat phéng
XY lam mat thoang nhdm phan cach méi truwdng
nwéce va khdng khi) — chon muc Apply trong 6 Base
Plane trong hop Details View — nh&p chon Generate
dé hoan tat cac tha tuc (hinh 6).

- Ré& va nhap chuét truc Y dé dwa tau v& mét
phdng ZX — chon muc BodyOp? trong 6 Tree
Outline — nhép vao 6 FD5 Z Offset gia tri -1 (xac
dinh vi tri m&n nwdc) chia moé hinh tau thanh phén
trén mat nwéc va dwdi mat nwéc — an Enter —
nhap Generate dé hoan tét cac tha tuc (hinh 7).

Create standalone system
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Hinh 7. Xac dinh mén nwéc tau
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4. Thiét lap cac théng sé vat ly cho mé hinh
mo phoéng

- Trong hép Hydrodynamic Diffraction nhap
doi chudt vao muc Model dé nhap mé hinh tau vao
moi trwdng cla Hydrodynamic Diffraction (ANSYS
AQWA - HYDRO - DIFFRACT).

- Thiét Iap ho&c bd sung céac théng sb vat Iy cia
mo hinh tau dang xét trong 6 Details of Geometry,
trong d6 tbi thidu cAn phai chon théng sb Point
Masses (PMAS) d& mé ta& ma tran khéi lwgng tau.
D6i v&i mdi mo hinh tau hodc mét cau tric xac dinh,
can cung cap mot yéu tb khéi lwong diém. Diém nay
duwoc chén trong cay tap hop cac phan tir tau bang
cach nhép chudt phai muc Ship Hull — Add — Point
Mass (hinh 8). O day cé hai tiy chon:

Y V. U E— |
o o ey [ e Joono A0 RHDBR - =
s:eRagaazA-e
Gy B+ N

Hinh 8. Cach gén khéi lrgng cho m hinh tau
4. Chia lwéi (Mesh)

- Thiét lap thong sb lwéi bang cach nhap phai
Mesh trong Outline va nhap vao 6 Details of Mesh
gia tri Defeaturing Tolerance = 0.5, Max Element
Size = 0.9, chon Meshing Type la Program
Controlled @& chuongtrinh tw kiém soatviéc chia lwdi.
Tiép tuc nhép phai muc Mesh trong muc Outline —
chon General Mesh dé& chuong trinh tw déng tao lwéi

Nhap truc tiép gia tri khdi lwong tau bang cach
nhép vao muc Point Mass trong & Tree Outline va
nhap truc tiép cac gia tri can thiét vao & Details of
Point Mass. Vi du, chon gia tri quan tinh khéi lwong
|4 via Radius of Gyration d& nhap trwc tiép div
liéu vao.

Tinh ty déng khdi lwong tau dwa vao chuyén
déng cua tau bang cach chon 6 Mass Definition |a
Program Controlled (trc do chwong trinh kiém soat)
va nhap céc sb liéu Z (VCG) = - 4m va gia tri cac hé
sb6 nwéc kém theo (hinh 9), dwoc xac dinh theo dé
nghij cda chwong trinh la [1].

k,=0.34B=0.34x6 =204
k,, =0.25L = 0.25x25 =6.25
k,=0.26L =0.26x25 =6.50

| Fe 64 Voo vt b || = RE-|BERR0

L Fion Jny
[S+aa&BRAZAR- 000
|Gemay 8224~

r-.nsfgf

f

=

Hinh 9. Nhap gia tri khbi lrong cho md hinh tau

chia cho mé hinh tau (hinh 10). C6 thé thay dbi
théng sb dé tao lai lwéi chia nhwng lwu v lwéi cang
nhd, d6 chinh xac cao nhwng qua trinh tinh sé rat
lau, do d6 nén chon kich thuwdc lwdi chia sao cho
pht hop [1].

- Nh&p vao muc Units trén thanh cong cu dé
dinh dang lai hé don vi cho bai toan, trong d6 lvu y
thay dbi tan sb tir rad/s sang Hz.

Details of Mesh
Name Mesh
Defeaturing Tokerance (0.5m
MaxEenentSze |09

Max Alowed Frequen. | 0538 Hz

Mesting Type Program Controled
Generated Mesh Information
Number of Nodes
Nuber of Eements
Number of Nodes (Of.
Number of Eements (.

o lo oo

Hinh 10. Chia lwéi mé hinh
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5. Tinh toan va phan tich (Analyze)

Dén day, mdé hinh tau khdo sat da duwoc
chuén bi s&n sang cho viéc tinh va phan tich thay
dong lwc hoc, v&i cac cong cu ding can thiét a3
c6 s&n trong muc Outline nhw Analysis Settings
(Thiét lap cac phan tich), Structure Selection (Lwa
chon két ciu), Wave Directions (huéng soéng),

Details

=/ Result Selection
‘Frequency 053 Hz
Drecton 0
Incdent Wave Ampi... |0.25m
Resut Type Cycic
Wave Postion (Phase) |0

Cl Contour Selection

Structure Contour Ty...  Interpoiated Pressure
Above Waler Body DL.| Divmed

'Pressure Measurement Head of Water

Wave Contour Type  (Wave Height

|| Component Selection

Hinh 11. Menu nhip céc thng sb song

S dung cdng cu Solve Hydrostatics hodc nhap
phai muc Hydrodynamic véi hai tuy chon (hinh 12):

- Calculate hydrostatics only (compute displacement
and small angle stability parameters) dung dé tinh
toan thady tinh, gdm tinh toan lwong chiém nwéc va
céac thong s6 6n dinh & goc nghiéng nhd.

- Compute full hydrodynamic properties and
results dung tinh day da thay déng lwc hoc.

Trong qua trinh phan tich, ching ta c6 thé chén

2~ &) Project
B~ @ Model (83)

Hinh 13. Chon 101 giai

Wave Frequencies (tAn sb séng) ... Vi du hinh 11
l& menu nhap gia tri cac théng sb song didu hoa
véi tan s 0.538 Hz, chiéu cao séng 0.25 m. Ban
ciing c6 thé nhap vao gia tri cac tan sb va chu ky
séng khac nhau dé tao thanh hé thdng séng ngau
nhién tac dung lén tau nhw da trinh bay trong
phan trén (hinh 12).

Details a
Structure fiter Ship hut A
Include Interacting Strs| Yes

= Result Selection

pQuet 0.011Hz v
Directon 1.10717263784832€-02 Hz
Incdent Wave Ampit.. 3.87646700866469€-02 Hz E
W 6.64976137948146€-02 Hz

' 0.42105576020603€-02 Hz
Wave Poston (PRase) (o 121923501211146 He

= Contowr Sleton [T TG
Structure Contour Ty...| Interpoiated Pressure h
Above Water Body Di...| Dmmed
Pressure Measurement Head of Water \

>
mn:

Hinh 12. Menu nhip céc tin s6 séng khic nhau

thém nhirng tuy chon dé xuét ra cac két qua tinh toan.
Diéu nay c6 thé dwoc thuc hién trwdc hodc thue hién
sau khi qua trinh phan tich mé hinh da thyc hién
xong. Céac két qua tinh cé sdn gbm cé Hydrostatic,
Hydrodynamic, Pressures and Motions va cac két
qua chén thém nhw Hydrostatic Table (Bang tinh thiy
tinh), Hydrodynamic Graphs (Biéu dé thdy déng luc
hoc) v..v... Danh gia tt ca két qua chon Iwa va trinh
bay hay cap nhat (presented/updated) (hinh 13) [1].

B Hydrostatic
Diffraction + Froude-Krylov
Diffraction
Froude-Krylov
Response Amplitude Operators (RAOs)
Radiation Damping
Added Mass
Steady Drift
Difference QTF
SF/BM (Static)
SF/BM (RAQ) b
Splitting Forces
@ _ Pressures and Motions

Al VvV VvV VvV VvV VvV Vv v

v v v v

Hinh 14. Céc tuy chon tinh thiy djng luc hoc tau
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6. Xuat két qua

- Lwa chon céc tiy chon xuét két qua cé trén
thanh Properties va Hydrodynamic graphs (hinh 15)
dé xuét két qua tinh hodc cac dd thi va hinh anh
twong &ng, vi du nhw két quad tinh cac yéu tb

AQWA Hydrostatic Resalts
Shora
Hydrostatic Stiffaess.
Centre of Granity Position. X 109 00365 m Y 1129703 m z  m
z = L
Heave() 60457964 m 1191 596 N 280209 5
RoBRX) SRTIZIN L4240 N 2878 5T Nev*
PacMRZ) 14567268 N vien 28T INT N 24T N
Hy ic Displacement Properties.
Actaal Volumetric Displacement. Mo
Equvalent Vobumetrc Displacement. AR,
Ceatre of Booyaacy Position: X 109 009 m Y112%3m 288%™
Out of Balance Forces Weight 1x 1973409 Y 3467030 12 4328
Out of Balance Moesents Weight 20X 1. 105206 m MY 38¥bebm MZ 48519 Tm
Cot Water Plane
Cut Water Plane Arex: 6OU N
Centre of Floatation: X 106 3418 m Y A4NReTm
Principal 2ad Momest of Arex X $76060 06 mAd ¥ M0 e
Asgle Principal Axis makes with N(FRA) S 566208 "
Asgle Stability Parameters
COG. 0 COB®BG) 1237858 m
Metacentic Heights (GMX GMY) TN m 320 %67 =
COB to Metacentre (BMX BMY). 10N m 319507 m
Restoring Momests Degree Rotasions
ODXMY) WITEEIN e AN0TEEN
Ay = b 1)
S

Hinh 15. Két qua tinh cac yéu t6 thiy tinh

I s T B T
SERAREQAZA - 090
et * ¥ ..

e

thay tinh (Hydrostatics) (hinh 15), db thi bién do
dao dong clia tau (Response Amplitude Operators -
RAOs) (hinh 16), phan bd ap suét thiy déng luc hoc
(Hydrodynamic pressures) (hinh 17) va cac chuyén
dodng cua tau trén song (motions) (hinh 18) [2].

P Gt e o vy (] F

1
S*aaRERAZA 000

etk T 13 ]

. | :
T

28 85788

& E

Y B0 ? H
i i 7

Pty Lep s

Hinh 16. Db thi bién d¢ dao dong ciia tau

S e Ve ot iy W B9 BLETRE

STRAAEQRATN - 000~

It * ® ..

Hinh 18. Hinh &nh phin bb cic séng xung quanh thén tau chuyén dong
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IV. KET LUAN

Ké&t qua nghién ciru cho phép rit ra mot sé két
luan sau:

- Kha nang s dung két hop phan mém thiét ké
tau Autoship va phdn mém phan tich CFD 1a AQWA
ANSYS dé thwc hién moé phéng va phan tich thay
dong lwc hoc cho bai toan tau chuy&n dong trén
séng la kha thi. Két qua nay ciing da dwoc ching toi
st dung dé& khao sat mé hinh tau da cé day da sb
liéu thwe nghiém va sé dwoc trinh bay cu thé hon
trong bai bao tiép theo.

- K&t qua nghién clru ciing sé 1a co s& quan
trong dé giai quyét nhiéu bai toan hién van chwa
c6 dwgc phwong phap nghién clru va loi gidi
chinh xac nhw tinh strc can, phan tich anh hwéng
cla séng bién, cla cac tai trong trén tau, ké ca tai
trong 16ng dén chuyé&n dong cla tau, anh huéng

TAI LIEU THAM KHAO
1. www.ansys.com/Products/Other.../ANSYS+AQWA.

cla lac v..v... K&t qua nghién ctru sé mé ra nhiéu
hwdng nghién ctru quan trong trong linh vuwc ky
thuat tau thay, [inh vwe van con nhiéu van dé chwa
dwoc nghién clru triét d& béi han ché vé diéu kién
thwe nghiém, tham chi trong nhiéu tredng hop la
khong thé thuc hién dwoc, nhat 1a & diéu kién kinh
té - ky thuat van con nhiéu han ché nhu nuwéc ta
hién nay.

- CFD c6 vai trd va y nghia rat quan trong, da va
dang dwoc (rng dung réng rai trong nhiéu linh vic.
Tuy nhién & nudc ta hién nay, day van con 1a mot
linh vuc mai va chwa cé nhiéu két qua wng dung. Vi
vay két qua nghién clru clia dé tai cling sé la co s&
dé phat trién Iinh vuwc nghién cliru méi mé nay trong
cbng tac nghién cru khoa hoc va dao tao sau dai
hoc & khoa K§ thuat giao thong ctia Trwong Dai hoc
Nha Trang.

2. Trin Gia Thai, 2014. Nghién ctru tmg dung phwong phap tinh toan dong luc hoc luu chit (CFD) trong md phong sé dé thay
thé mét so thuc nghiém trong nganh Ky thuat giao thong. D¢ tai nghién ctru khoa hoc cap truong, ma so6 TR2013-13-01.
3. Tran Gia Thai, 2010. Ty dong hoa thiét ké tau thuy. NXB Khoa hoc va K§ thuat. TP. Hb Chi Minh.
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