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Tém tit

M6 phong s6 cho vé tau - chdn vit tau bién khi siv
dung phan mém STAR-CCM+ dua ra tin hiéu lyc ddy
theo thoi gian thire véi buGe thoi gian thay doi. Tin
hiéu lyc d‘cfy dugc xuiely FFT dé thu dwoc gia tri trung
binh va cdc bién dp diéu hoa nham xdc dinh ngué‘n
kich thich gdy dao dong doc truc tie chan vit. Tin hiéu
mé phéng dwoc xie Iy: (a)-Trich tao mot s6 chu ky tin
hiéu hoi tu,; (b)-trich méu lai theo budc trich mdu dt
nho nhdt; (c)-xdc dinh véc to tin hiéu trung binh tir
mét s6 véc to tin hiéu héi tu cung chu ky va budc thoi
gian; (d)-trich mau lai theo s6 leong mau NFFT=2*
cho day tin hiéu trung binh thu dwoc; (e)-bién doi
FFT cho day tin hiéu c¢6 heong mau NFFT. Tau
Fortuner Navigator (VOSCO) duoc sir dung nghién
citu hee ddy do chan vit sinh ra. Phan mém xit Iy tin
hiéu dwoc lap trinh trén LabView.

Tiwr khoa: Lyc dcfy tau, trich mau lai, FFT.
Abstract

The marine vessel thrust forces receiving from the
hull-propeller numeric simulation by the STAR-
CMM++software present digital arrays in real
time with the variable time step. The thrust force
signals were processed: (a)-Selecting an array
from the simulated array with the good
conregence,; (b)-resampling with the fix minimal
step dt for the selected array; (c)-calculating the
average cycle vector from the made cycle vectors
of the thrust force from the resampling arrays in
the b-task; (d)-resampling with NFFT=2* samples
of the received vector in the c-task; (e)-making
FFT for the resamled array. The MV. Fortuner
Navigator (VOSCO) was verified for studying the
propeller’s  thrust. The software for data
processing was coded in LabView.

Keywords: Thrust force, resampling, FFT.

1. Pit van dé

Luyc day (thrust force) 1a thong s6 quan trong ciia vo
tau - chan vit (VT-CV) can dugc tinh toan va sir dung
trong thiét ké dong moi tau, khai thac ky thuat hé dong
luc chinh. Trong bai toan tinh stc can (bai toan tinh)
cling nhu xay dung cac dic tinh cia VI-CV, luc diy

duoc xem khong doi theo thoi gian trong cac chu ky
cong tac cua chan vit, con khi st dung trong bai toan
dong luc hoc cua hé truc chinh (dao dong doc) thi n6 la
cac ngoai luc cudng birc, thay ddi tudn hoan theo thoi
gian. Luc cudng btrc dao dong doc truc co vi tri quan
trong khi nghién ctru tai trong dong tac dong toi gdi d
chin duoc xét dén tir phia dong co va tir chan vit. Pang
tiéc 1a chua c6 nhidu két qua cong b vé cac ngudn kich
thich dao dong doc néu trén, nén viéc tng dung chiing
vao nghién ctru dao dong doc hé truc con nhiéu han ché.

Ping kiém Hoa Ky (ABS) [1] dua ra két qua
thanh phan twong d6i ATy theo luc ddy trung binh To:
ATy = AT/ Ty khi nghién cttu cho 20 trueong hop tau
thyc. O @6 khong chi ra cu thé didu kién bién va
phuong phap nghién ctru dugc st dung.

Phan mém thuong mai, chuyén dung STAR-CCM+
dugc stir dung vao nghién ctru sy tuong tac thuy dong
hoc gitta VI-CV. Pay 1a phin mém mé phong duoc
phat trién boi SIEMENS, duoc xem 14 bé thir ao cho
phép trién khai mé phong su twong tac ciia vo tau -
nudc - chan vit va vo tau - khong khi trong cac didu
kién khai thac khac nhau. Bé dam bao cho két qua tinh
duoc chinh xé4c kich thudc ciia mién khong gian tinh
toan bao quanh than tau dugc lya chon theo huéng dan
chi tiét cua hang [3], [4] va phuong phép tinh thuy dong
hoc (CFD) thuong dung 1la RANSE (Reynolds
Averaged Navier-Stokes Equations) dé dam bao két
qua thu dugc theo thoi gian thyce [2], [4].

Muc tiéu dat ra la xac dinh luc déy:

T=To + Ti.sin(Z,wt) + T2.sin(2Z,mt)+...

O d6: o - Toe dd gbc (rad/s) cua chan vit; cac hé
s0 To, Ti... can dugce tinh bang viéc xdy dung thém
(méi) thuat toan va phan mém xir 1y tin higu s6 phu
hop véi co s dit liéu thu dugce tir két qua md phong
s6 cho hé VT-CV khi sir dung phan mém chuyén dung
STAR-CCM+.

2. Phwong phap nghién ciru
2.1. Xi¢ Iy tin higu luc ddy tie mo phong sé ding
STAR-CCM+ cho hé VI-CV

Diu ra tir qué trinh mé phong co hé VI-CV khi ding
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phan mém STAR-CCM+ 14 cac ddy tin higu s6 theo thoi
gian thyc cho céc dai lugng dugce nghién ctru: Lyc déy,
mé men. Dé dat duoc két qua 6n dinh, thoi gian mo
phong thudng rat dai (khoang 10-15 ngay/1 ché 46 mo
phong), ching t6i d4 ding may tinh chuyén dung c6 tc
d6 cao vai s lugng diém chia rat 16n (thuong hang tri¢u
phan tir hiru han). Trong qué trinh tinh, budc thoi gian
ban dau duoc thiét 1ap kha 16n dt = 0,25+0,3 (s), sau do6
duoc thiét 1ap nho dan (cho cac qua trinh qua do), cudi
cung thiét 1ap budc thoi gian di nho dé dam bao do
chinh xé4c ctia phép tinh khi cac chu ky dat sy hoi ty, 6n
dinh. Budc tinh cho cac chu ky on dinh cudi ciing duoc
cai dat thuong nho nhat (dt =0,001s). Dt liéu cudi cing
ding cho nghién ctru phai 14 tin hiéu 6n dinh, hoi tu.

Vi du, trén Hinh 1 biéu dién mé ment M(t) va luc
day ThR(t) thu duoc tir mé phong trén STAR-CCM+
cho h¢ VT-CV cta MV. Fortune Navigator (FN,
VOSCO) ¢ thi nghiém sé 5, véi dit lidu ddu vao dua
ra trong Bang 2 phia dudi.
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Hinh 1. Mé men M va luc diy T tir mé phéng
trén phin mém STAR-CCM+

Trén Hinh 1 ta thiy tai thoi diém: t=126s két qua
hién thi cua luc ddy ThR(t) van trong thoi ky qua do,
chua duoc 6n dinh.

Luyc day trong mot chu ky cong tac ciia chan vit
v6i sb canh Z,, voi truong hop MV. FN: Z,=4
thuong c6 4 cuc dai va 4 cuc tiéu. Do do, tin hiéu
tho tir m6 phdng can chon doan d3 6n dinh, vi du tir
thoi gian 128+130 (s). Sau khi chon dugc dai tin
hiéu c6 thé xem 1a 6n dinh, can trich lai mau voi
cuing budc thoi gian dt (vi thuc té trong nhiéu trudong
hop cac budce thoi gian trich mau khac nhau do phan
mém STAR-CCM+ tu dong lya chon dé co duoc két
qua 6n dinh nhat).

Dé xir Iy tin higu s (roi rac) tir thoi gian thyuc sang
mién tin sé Fourie, ddy tin hiéu s phai dugc trich
NFFT mau theo budc thoi gian khong ddi, con khi
dung phép bién FFT thi sé miu duoc trich thuong 1a
boi s cia 2 (NFFT = 2%, vi du k = 9).

Gia str budc thoi gian dt (m) = q.dtmin, q =1, 2...,
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& d6 dtmir=0,001s 1a budc nho nhit duge ding cho
doan cubi khi tin hiéu da 6n dinh. Tai hai thoi diém
trich mau m va (m+1) gia tri luc day dwoc ky hiéu
T(m) va T(m+1). Thay ddi lyc ddy dT =T(m+1)-T(m)
dugc chia déu thanh q doan theo quy luat tuyén tinh:

T(m+i)=T(M)+idT,(m);dT,(m)=dT/q;
dT(m)=T(Mm+1)-T(m);i=1..q

(D

Sau budc xir Iy trén cho ta két qua 1a ddy tin hiéu diéu
hoa 6n dinh chita mét s6 chu ky cua lyc day T(t), voi
bude thoi gian dt =0,001s. Khi md phong cho vén toc
quay cua truc chan vit n,, (v/ph), thi mét vong quay s
duge trich N mau tinh theo cong thic (2), va mot
doan ¢6 Ng =N.. N mau, vdi Ne - S6 chu ky duogc
trich mau N, =3 hodc N, =4.

N,. =[60000/n ](samples); N, = N_.N,, &)

Trong d6: [ ] -Phan nguyén ctia s dwoc lam tron.

Mot chu ky dit lidu c6 sé mau N tinh theo cong
thirc (2) thuong khac NFFT =2%. Phép bién doi Fourie
nhanh (FFT) nham thu duoc bién d6 va pha ciia cac
thanh phan diéu hoa cia tin hiéu lyc ddy dugc tinh theo
mot trong hai cach t6 chirc sau: (a) khi N, < NFFT va
gan bang 2%, thém vao diy s ban dau N, v6i cac sb
hang méi déu c6 gia tri bang 0 dé dat diy sé mai c6 2%
mau. Néu N, 16n hon khong nhiéu 2¥, khi d6 lugng s6
hang bd sung (gia tri 0) dé c6 day mai 2D 1a rét 16n;
(b) trich miu lai theo phuwong phép gan ding “spline”
va sir dung mé dun c6 sin trong LabView dé xay dung
phan mém con xt Iy tin hidu. Trong bai bao nay chiing
toi st dung phuong phap (b), ap dung cho cac day tin
hiéu ban dau c6 sé mau bat ky so v6i s6 mau dich
NFFT=2* dung dé tinh FFT sau nay.

Véc to gia tri lyc day trung binh cho mdt chu
ky tir N. chu ky di duogc trich mau lai véi sé mau
Ngs =2%, vi du Ngs =512 mau:

XT(i) =NLSZQTRs(i); (3)

c i=1

Xir 1y tin hiéu trung binh da loc nhiéu trong mién
tan sb bang FFT, dugc lap trinh code (trong LabView/
MatLab) véi cau 1énh FFT(Xr) rat thuan tién va
nhanh chong, va két qua duoc thé hién trong cong
thirc (4) va (5).

FFT(Xt) => {Tm, AT1, AT,...; PhTi, PhT>,...} 4)
Hay:
T(t) =T, + 3 AT, sin(k ot +§,) (5.1)
k=1

T(t) =T, + AT, sin(wt +¢,) + T, sin(Zp ot + gzp) +
+ AT, SiN2Z, wt+8,,)

(5.2)
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Trong d6: w, Zp - Van toc goc, sd canh cta chan
vit; T~ Gid tri trung binh cua luc d?iy; AT, € - Bién do
va pha ciia cac diéu hoa.

Trong (5.1) bidu dién tin higu theo tt ca cac diéu
hoa tir 1 dén M, (sé diéu hoa duoc nghién ctru), con
trong (5.2) - Theo cac diéu hoa co y nghia thuc té
trong nghién cou: k=1, Z,, 27, ...

Thuét giai qua trinh xir 1y tin hiéu sb v6i dau vao
la day s luc ddy T=[T(1)..T(N)] (két qua tir md
phong trén STAR-CCM+) dé thu dugc ddc tinh tin
hiéu trong mién tan s (qua FFT) nhu d4 néu trén.

Budre 1. Nhap (doc) dit liéu dau vao tir file da luu
trir két qua mo phong luc day bang STAR-CCM+.

Buée 2. Chon doan dir liéu 6n dinh tir dit liéu dau
vao véi do dai sao cho chira it nhat Ne=3 chu ky (vong
quay) lam viéc ciia chan vit. Trich mau lai doan dir lidu
on dinh véi budc thoi gian dt =0,001s theo cong thire (1).

Budre 3. Xéc dinh s6 mau trong mot chu ky Ny va
t6ng s6 mau N; s& trich cho N. chu ky (theo cong thirc
(2)). Xac dinh véc to lyc diy trung binh cua chan vit
theo 1 chu ky trong thoi gian thuec.

Budc 4. Trich mau lai tin higu lyc ddy trung binh
T tir s6 mau Ny, sang s6 mau chuan NFFT =2 .

X Iy FFT cho tin hiéu luc ddy da duoc trich mau lai
NFFT véi 1 chu ky quay ciia chan vit. Luu lai két qua
xir Iy ctia tin hiéu lyc ddy trong mién tin sb.

Pic diém trong 1ap trinh code xdy dung mo-dun
(VI) xtr 1y tin hiéu trén LabView.

Lap trinh trén LabView ¢6 wru diém: Trién khai dé
va tryc quan khi sir dung cac thu vién dd hoa dugce
xay dung trong LabView, st dung tich hgp cac 1énh
tuong ty viét trong m.file cia MatLab dé tich hop
trong MathScript trong LabView. Xay dung mo-dun
trén giao dién chinh (Front Panel, FP) ciing nhu trong
giao dién 1ap trinh (Block Diagram, BD). Trén FP
thiét ké cac biéu twong (Icon) dé diéu khién qua trinh
mo phong va hién thi két qua. Trong BD thiét 1ap toan
bd code dé thyc hién thuat toan xur 1y véi dir liéu dau
vao c6 thé tir FP hodc nhép bang code trong BD (nhép
dir liéu duoc gan tir nguoi 1ap trinh; doc di liéu dau
vao tir files da luu trir; doc dir lidu truc tiép do dac,
thu thap duoc). Két qua xir 1y trong BD c6 thé dugc
hién thi trén FP, cling nhu luu lai trong files dir liéu
theo code doc 1ap (dinh dang véi dang dir li€u tuong
ung *.tdms, *.Ivm, *.tdm).

Trong bai toan xir 1y tin higu luc diy dugc mo
phong bang CCM+, tin hiéu vao kha 16n cho mot ché
do (khoang 5000 mau) va luu lai trong dinh dang
*.csv. Viée doc dir liéu thuc hién bé‘mg mot chuong
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trinh con (subVI) code trong LabView. Vi cac dinh
dang thong thuong (*.lvm, *.tdm, *.tdms) thi c6 thé
code bang cac subVI duoc xay dung trong Express
(Input—Read From File) hodac programming — File
I/O (Read Meas File). Tuy nhién, CCM+ luu lai dix
liéu dudi dang *.csv, khong thé doc dit liéu da luu lai
bang phuong cac phap trén, ma ta phai can thiép vao
1ap trinh code bac cao. Céc tac gia di code dé tao mot
subVI doc *.csv tir duong dan (trong BD):
programming — File I/O— Read Delimited Spread
Sheet.vi.

Code trong BD dugc cac tac gia st dung
MathScript dé viét cic cau lénh (twong tu trong
m.file) va thuong xir 1y tin hi€u dudi dang véc to va
ma trén, do vay cau 1énh ngén va dé viét, dé kiém tra
phat hién 13i.

Két qua xu ly dugc hién thi theo dic diém cua dit
lidu: SO, text, ma tran c6 thé hién thi gia tri turong ung,
dac bi¢t dudi dang rat truc quan la bang va dd thi. Uu
diém dic biét 1a luu trix dir liéu trong Excel dudi dang
bang tinh véi dinh dang *.tdms duogc cac tac gia st
dung trong nhiém vy twong tng. Mot s6 két qua dugc
thé hién trén Hinh 2 va Hinh 3.

Trong MathScripts sir dung mot s6 cau Iénh:

- X4c dinh s6 mau cho mét chu ky (2):

Nic =round(6E4/n);

- Trich mau lai cho diy tin hiéu T chu ky c¢6 Nj.
mau, dé dugc day tin hiéu hai c6 NFFT = 512 mAu, ta
tao hai day bién s x; va x» va theo cau 1énh:

dx;1=1/Nj;dx=1/512;
X1=1:Nlc; X1=X1*dX1;X2=11512;X2=X2*dX2;
To=interpolateld(x;,T,x2,'spline");

- Bién ddi FFT cho véc to T, d trich mAu lai, thu
dugc gia tri bién do (R) va pha (ph) ciia cac diéu hoa
sO phte (z) bang 1énh tuwong tng:

R=abs(z); ph=angle(z)
2.2. Xir ly tin hiéu luc ddy chén vit MV. FN

MV.EN 1la tau container cia VOSCO duoc lua
chon 1a dbi tuong nghién ctru cua bai bao.

Tau MV. FN dugc trang bi 01 dong co chinh ky
hiéu 8L35MC do hang MAN B&W ché tao, lai truc
tiép 01 hé tryc chan vit. May chinh c6 cong suét
4.647kW (lién tuc 16n nhét, maximal continous
Output, M.C.0), tai vong quay dinh mtc 210v/ph.
Chan vit c6 4 canh (Z, =4) [5].

Mot sb thong sb ky thuat cia hé dong lyc chinh
ctia MV.FN tai cac ché do thtr tau duong dai dwoc thé
hién tai Bang 1 dudi day [5].
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Bing 1. Két qua thir dwong dai MV, FN

Tai ME Téc d Vong Cong suit
Load u quay ME ME. CV
Index (CV) i

% hl/h v/ph kW
50 13,33 167,2 2.491
75 15,22 191,1 3.478
90 16,02 203,3 4.196
100 16,39 209,8 4.681

Ngay thir: 27 thang 5 nam 1998 tai Nhat Ban
Pidu kién thir tau
Diéu kién tau:
Moén nudce (m): Mii 3.538 Lai:5.349 TB: 4.444
Diéu kién bién: Song yén, bién ling.

Nghién ctru s6 lidu khai thac thuc té hé dong luc
chinh cia MV.FN trong giai doan 2014-2020, céc tac
gia nhan thay: Hién nay tau thuong hoat dong vai
vong quay dong co (ciing bang véan tc chan vit)
khoang 173,5v/ph, hay: n% = 82,5 (M.C.R), tai
LI%=56,4 khi tau co6 tai hang (Load Cargo Index)
day: LCI%=100, twong ting v6i mén nudc trung binh
khoang Dy=7,0+8,0 (m). Ché do tau chay khong hang
(ballast) hodc it hang tai mén nudc trung binh
Dn=4,0+5,7 (m).

Bing 2. Mt s6 théng sé diu vao cho mé phéng trén
STAR-CCM+ 6 ché @ n=173,2v/ph

N | Dmui(m) | Diai(m) | Dm(m) | V(hI/h) | n(v/p)
1| 716 8,00 | 7,58 114 | 173,20
2| 7.5 8,52 | 8,02 10,8 | 17320
3| 760 795 | 7,78 114 | 17320
4 | 648 710 | 6,79 112 | 173,20
5| 745 775 | 7,60 11,5 173,20

Trén co s& d6, chung t6i da md phong bang phan
mém STAR-CCM+ tai 44 ché d6 khac nhau, voi
mon nude trung binh Dy, tir ballast dén toan tai hang
(LCI =100%).

Trong bai bio ndy, cac tac gia xin trinh bay vé mot
s& thir nghiém s6 theo ché do thir duong dai va bd
sung thém cac ché d6 khéc tai n=173,2v/ph.

Hinh 2 gi6i thiéu két qua: Trich mau lai tin hidu
luc ddy theo s6 mau N1c cho mot chu ky (vong quay)
chan vit va trich mau theo NFFT =512.

Hinh 3 - Két qua cta bién doi FFT cho tin hiéu
T(t) trong mién tan sd, thi nghiém 5 (Bang 2).

Tai Bang 3 chi ra két qua tinh CFD véi mén nude
(m) [Dinui Diai D] = [3,35 3,54 4,44] sai léch 6% <12,4
so voi két qua Sea-Trials trong diéu kién thir tau duong
dai & tit ca cac ché d6. Mo men trung binh dugc tinh
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theo thuat toan turong tu nhu tinh lyc ddy trung binh cho
mot chu ky 6n dinh.

ThR-(1Cycle) 346 size(s)

3570 TmkN)

4 (A R A R ) I IR S T R S| G P,
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360

ThR-(512) -Resampling 3570 TMOKN)

512 size-512

0 25 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 512
Samples

Hinh 2. Luc diy dgng théi gian thuc trich méu theo
vong quay 173,2v/p (345 mau) va 512 miu

HARMONICS FEATURES
Harmonic Ampl Phase |
357.0129 0.000
1 0.0010 2207
4 0.0076 0.845
B 0.0005 -0.928
12 0.0002 0.754
16 0.0017 1475

Amplitude ETPr /Tm
0.008-|

0.007-|

12 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21
Number of Harmonics

Hinh 3. Két qua bién déi FFT cho luc diy (twong g
trén Hinh 2) - mé phéng sé 5 véi D =7,45m;
Duwi=7,45m; V=11,5knot; n=173,2v/ph.

Bing 3. Két qud dinh gid sai sé tiv mé phéng sé va thiv
nghiém duong dai cho MV.FN

Sea- L
LI% CCM+ Trials Sai s0 CS
M o CSg CSst | 8%(SLST)
50 | 124,7 | 17,51 | 2.184 | 2491 12,38
75 | 156,7 | 20,01 | 3.137 | 3478 9,81
90 | 179,8 | 21,29 | 3.829 | 4196 8,75
100 | 195,5 | 21,97 | 4295 4681 8,25
M[kNm]; o[rad/s]; CS[kW]=Maw; 5%=100.(CSg-CSsr)/CSst

Trén Bang 4 1 két qua tinh cac thong s co ban:
Luc can trung binh Tn(kN); bién do twong dbi TAH
(i sb cua bién do tuyét d6i va lyc day trung binh); cia
didu hoa thir k, k=1 va k=4, 8, 12 (12 boi ctia sb canh
chén vit Z,=4), cua 5 thi nghiém (Bang 2).
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3. Phan tich két qua va thio luian

Do tin cay cua phuong phap CFD trén co so st
dung phan mém chuyén dung STAR-CCM+ cuia hing
SIEMENS cung cip di duoc thé gidi sir dung rong rai
trong nghién ctru, cling nhu tai Truong Pai hoc Hang
hai Viét Nam mot sé nha khoa hoc di sir dung va c6
céc cong bd khoa hoc [1+3].

D6 tin ciy ctia md hinh ludi phan tir hitu han xay
dung cho MV.FN duoc céc tac gia kiém chimg qua
viéc so sanh giita s6 liéu mo phong véi s6 lidu thir
nghiém duong dai. Tai Bang 3 chira d¢ 1éch 6%<12,4
giita két qua tinh toan cong suit va két qua theo Sea-
Trials trong diéu kién thir tau duong dai (thuc
nghiém) & tat ca cac ché do. Do sai léch trén phu hop
va cho phép trién khai moé phong véi mé hinh duoc
xay dung tai cac ché @6 khac nhau.

Phuong phép nghién ctru, tinh FET cho luc dy thu
dugc dué6i dang thoi gian thuc dugc trich mau lai
(resampling) hai lan: Diing theo van tc quay ctia chan
vit (1an 1) va theo s6 mau NFFT =2 cho d¢ chinh xéac
tuyét d6i (néu bo qua sai s 1am tron sd trong tinh toan).
Két qua tinh FFT phi hop trong thyc té xir Iy nhidu
bang thuét toan xtr Iy nhiéu ngéu nhién: Lay trung binh
cua N chu ky (day tin hi¢u) va ban than phép toan FFT
chi chon lay nhing tin s6 béc thap.

Bing 4. Két qud xiv Iy FFT cho luc ddy tai 5 ché dp mé
phong (Bdng 3, n=173,2 vwph) va mén nuwoc khdc nhau

Trich mau lai tin hiéu luc déy 6n dinh trong thoi
gian thyc hai 1an theo vong quay chan vit va theo
NFFT dé dam bao d6 chinh xac ctia phép tinh FFT.
Thuat toan dwuoc trién khai thudn tién trén LabView
cung voi tng dung cua MathScripts. Phuong phép,
thudt toan va lp trinh trén LabView c6 y nghia ting
dung trong xur 1y tin hiéu sé v6i s6 mau can xac dinh
chinh xéc (cho giam sat, chan doan bang dao dong).

Tai ché do khai thic v&i vong quay chan vit
n=173,2v/ph, (0=18,1rad/s) két qua mé phong trén MV.
FN véi mitc mén nudc khac nhau Dy=6,8+8,02 (m)
cho tabién d6 dao dong cua diéu hoa bac 1 theo s6 canh
chan vit (k=40) 1a 16n nhét, niam trong dai
0,12%+0,76% luc déy trung binh chan vit tai cac ché
d6 hoat dong cua tau trong diéu kién tau khai thac binh
thuong (song yén bién ling, tau chay bién,...).

Két qua tir md phong va xir 1y tin hiéu luc day cho
ta thay duoc tinh chét thuy dong hoc twong tac giita
vo6 tau, chan vit phu thudc vao mén nudc trung binh
va do chiii (TRIM) cuia tau. Mot sé nghién ctru sdu
hon vé mo hinh hdi quy trong xir 1y két qua mo phong
lyc day va mo men chén vit s& dugc trinh bay trong
cong trinh nghién ctru tiép theo.

Loi cam on

Nghién ctru nay dugc tai trg boi Truong Pai hoc
Hang hai Viét Nam trong dé tai ma s6: DT21-22.109.

TAI LIEU THAM KHAO

Tn TAH1 | TAH4 | TAHS8 | TAHI2
kN % Tm % Tm % Tm % Tm
1 348 0,00 0,36 0,02 0,02
2 348 0,04 0,12 0,04 0,01
3 356 0,10 0,70 0,15 0,04
4

5

Ne

333 0,05 0,71 0,05 0,03
357 0,10 0,76 0,05 0,02

Trong bai toan tinh dao dong doc cudng biec,
ngoai lyc sinh ra dao dong xoé&n doc truc can quan
tam 1 céc diéu hoa dau tién va mot s6 m didu hoa dau
tién 1a boi s6 cua sé canh chan vit Zp, m=1+3, tuy
nhién nén quan tam nhét khi m=1, vi bién do luc doc
truc thuong 16n nhét (Bang 4).

4. Két luan

Bai b4o dua ra phuwong phép, thuit toan va mot sd
lwu y khi xir 1y tin higu Iyc diy chéan vit thu duoc tir
md phong CFD dé thu duoc ) lidu tin cay: Luc déy
trung binh va cac thanh phan diéu hoa ciia né & cac
ché dd mon nudc khac nhau, phuc vu cho bai toan
tinh luc can vo tau, cac dac tinh chan vit, lya chon ché
d9 khai thac cua hé dong luc cling nhu cho tinh dao
dong doc cua hé truc chinh.
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